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PREFACE

“Questions you will be asked on rounds, in the clinic, and on oral exams.”
This was the subtitle to the first Medical Secrets textbook by Anthony Zollo from 1991. This was click

bait before there was click bait. No medical student could resist a title like that. And it also is strangely
compelling for attendings and teachers. Doctors don’t get to peer inside the bedside teaching of other
attendings, and the chance to see the questions that others are asking is hard to resist.

The book in your hand is the fourth edition of Nephrology Secrets. It has been nearly a decade since
Lerma and Nissenson edited the third edition. All aspects of nephrology have evolved, and some topics have
been completely revolutionized. Since the third edition was published, the cause of idiopathic membranous
nephropathy has been elucidated, a genetic mutation explaining the high rate of kidney disease in African
Americans has been discovered. We have an effective therapy for hepatitis C and its downstream kidney
effects. Home dialysis modalities have recovered from being on the ropes and are now resurgent in both perito-
neal and hemodialysis. The biomedical revolution in oncology has uncovered novel kidney diseases. The mo-
lecular mechanism of preeclampsia, the most common glomerular disease on the planet, has been elucidated.
Nephrology is no longer the slow, methodical specialty of yore; it is fast moving and constantly changing.

Parallel to the changes in the science there has been a revolution in how nephrology educators
teach and are recognized. More and more teaching is shifting from the classroom and bedside to the
smartphone and internet. Therefore the current edition includes contributions from several individuals
who have honed their skills teaching in that space.

In keeping with the design of the original Medical Secrets, we have included questions on everyday
topics in addition to some “zebras” of particular academic interest. We hope that this book will be used
not only by nephrologists and nephrology fellows, medical residents and interns, and medical students but
also by primary care providers with particular interest in the art of homeostasis.

From personal experience, we know that very few people read a textbook from cover to cover. For
a variety of reasons, people skim through books as patient encounters and interests guide them. To
accommodate this reality, we tried to ensure that each chapter would be complete in itself. As a conse-
quence, there is unavoidable overlap among some of the information provided in many chapters. Indulge
this luxury; paper is cheap, and this makes the book a better information retrieval appliance.

Though only three names are on the cover, this book could not have been produced without a battalion
of contributors. First, and most obviously, we are in debt to all of the contributing authors who have spent
hours in producing high-quality, up-to-the-last-minute information that was rewarded with telephone, e-mail
and Twitter direct messages with suggestions, rewrites, and “spirited discussions.” The ISBN says fourth
edition, but if you ask the authors, they will tell you it was closer to a clean-sheet rewrite. We express our
sincere gratitude for all the authors’ openness to this collaboration. Namaste. Additionally, we would need to
express the highest gratitude to all the staff of Elsevier, most especially Meghan Andress, our Developmental
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TOP 100 SECRETS
These secrets are 100 of the top board alerts. They summarize the concepts, principles,  
and most salient details of nephrology.

	 1.	 The	urine	protein	to	creatinine	(using	a	random	urine	specimen)	ratio	has	been	shown	
to	have	a	good	correlation	with	the	24-hour	urine	protein	determination.

	 2.	 The	most	common	complication	associated	with	a	kidney	biopsy	is	bleeding,	though	it	
is	usually	self-limited	and	rarely	life	threatening.

	 3.	 The	differential	diagnosis	of	AKI	includes	prerenal	azotemia,	obstructive	nephropathy,	
and	intrinsic	forms	of	AKI.

	 4.	 Hepatorenal	Syndrome	(HRS)	is	a	functional	kidney	failure	that	occurs	in	end-stage	liver	
cirrhosis	with	ascites.

	 5.	 The	pharmacological	treatment	for	HRS	is	a	combination	of	albumin	and	vasoconstrictors,	
but	the	definitive	treatment	is	liver	transplantation.

	 6.	 Due	to	the	high	incidence	of	drug-induced	AKI,	a	thorough	review	of	the	medication	list	
should	be	performed	in	a	patient	at	risk	for	AKI.

	 7.	 Sepsis	is	an	important	cause	of	AKI	in	critically	ill	patients	and	is	associated	with	high	
mortality	rates.

	 8.	 Rapid	(,3	hours	after	presentation)	administration	of	appropriate	antibiotics	is	associated	
with	improved	outcomes	and	fewer	cases	of	sepsis-associated	AKI.

	 9.	 Early	and	vigorous	volume	resuscitation	of	patients	with	rhabdomyolysis	(even	before	
extrication	in	crush	syndrome)	is	important	for	preventing	AKI.

	10.	 AKI	secondary	to	rhabdomyolysis	usually	occurs	with	creatine	kinase	levels	greater	
than	10,000	U/L.

	11.	 Acute	glomerulonephritis	is	a	kidney	injury	syndrome	characterized	by	the	sudden		
onset	of	edema,	new	or	worsening	hypertension,	and	an	active	urinary	sediment.

	12.	 Rapidly	progressive	glomerulonephritis	is	a	clinical	syndrome	characterized	by	rapid	
loss	of	kidney	function	that	often	results	in	ESKD.

	13.	 Primary	nephrotic	syndrome	is	caused	by	one	of	the	following	four	diseases—minimal	
change	disease,	focal	segmental	glomerulosclerosis,	membranous	nephropathy,	or	
membranoproliferative	glomerulonephritis—and	the	diagnosis	is	made	based	on	a	
combination	of	clinical	features,	kidney	biopsy	findings,	laboratory	findings,	and	genetic	
testing.

	14.	 Diuresis	after	relief	of	urinary	obstruction	may	result	from	a	physiologic	excretion	of		
water	and	urea,	but	can	become	pathologic.	Patients	should	have	electrolytes	checked	
and	replaced	regularly,	with	free	access	to	oral	fluids.	If	necessary,	the	type	and	amount	
of	intravenous	fluids	should	be	determined	by	serum	and	urinary	electrolyte	levels.

	15.	 Struvite	stones	are	due	to	infection	with	bacteria	that	contain	the	enzyme	urease;		
Proteus mirabilis	often	has	urease,	Escherichia	coli	almost	never	has	urease	activity.

	16.	 Uric	acid	stones	are	radiolucent	on	routine	x-ray	but	are	easily	visualized	by	computed	
tomography	scan.

	17.	 Uric	acid	stones	are	almost	always	due	to	overly	acidic	urine	and	therefore	the	treatment	
of	choice	is	alkali	salts,	not	allopurinol.
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	18.	 Enteric	hyperoxaluria	requires	that	the	patient	have	an	intact	colon	because	it	is	the	
sight	of	pathologic	oxalate	overabsorption.

	19.	 Low	calcium	diets	are	not	recommended	in	the	treatment	of	patients	with	hypercalciuria,	
because	a	low	calcium	diet	may	contribute	to	bone	demineralization.

	20.	 The	leading	causes	of	CKD	are	diabetes,	hypertension,	glomerulonephritis,	and	cystic	
kidney	disease,	with	about	40%	of	all	cases	due	to	diabetes.

	21.	 The	target	hemoglobin	level	for	patients	receiving	erythropoiesis-stimulating	agent	(ESA)	
therapy	should	be	individualized	based	on	transfusion	avoidance,	quality	of	life,	physical	
activity,	and	ESA	responsiveness,	and	should	not	exceed	12	g/dL.

	22.	 Most	patients	receiving	ESAs	will	require	iron	supplementation;	however,	oral	iron		
supplements	are	often	ineffective	because	of	poor	absorption	and	the	magnitude	of	
iron	requirements.

	23.	 Decreased	kidney	function	is	associated	with	abnormalities	of	mineral	metabolism	that	
results	in	decreased	skeletal	strength,	bone	pain,	and	abnormal	calcification	of	the	
blood	vessels	and	soft	tissues.

	24.	 Cardiovascular	disease	is	the	primary	cause	of	death	in	patients	with	CKD,	and	is		
dramatically	accelerated	in	CKD.	Unfortunately,	much	of	what	is	known	about	CVD	may	
not	apply	to	patients	with	CKD,	so	physicians	should	prioritize	evidence	performed	in	
this	special	population.

	25.	 Dyslipidemia	is	nearly	universal	in	CKD	and	transplant.	Kidney	Disease	Improving	
Global	Outcomes	(KDIGO)	guidelines	recommend	that	patients	with	CKD	over	the	age	
of	50	and	patients	with	a	kidney	transplant	be	treated	with	a	statin.

	26.	 Patients	with	progressive	CKD	opting	for	hemodialysis	should	have	a	timely	evaluation	
for	vascular	access	to	ensure	it	is	ready	when	dialysis	starts.	An	arteriovenous	fistula	
requires	several	months	to	mature.

	27.	 Minimal	change	disease	(MCD)	is	the	cause	of	nephrotic	syndrome	in	approximately	
90%	of	children	younger	than	6	years	of	age,	in	approximately	65%	of	older	children,	
and	in	approximately	20%	to	30%	of	adolescents.	In	adults,	only	approximately	10%		
to	25%	of	nephrotic	syndrome	results	from	MCD,	but	it	represents	the	third	most		
common	cause	of	primary	nephrotic	syndrome	in	adults	after	membranous	nephropa-
thy	and	FSGS.

	28.	 Categorizing	focal	segmental	glomerulosclerosis	(FSGS)	as	genetic,	secondary,	or		
primary	may	inform	type	of	treatment	offered	and	influence	posttransplant	disease		
recurrence.

	29.	 Patients	with	FSGS	and	high-risk	APOL1	are	at	greater	risk	of	ESKD	than	patients	with	
a	low-risk	APOL2	genotype.

	30.	 Membranous	nephropathy	is	a	cause	of	nephrotic	syndrome	that	can	be	either	primary	
or	secondary	to	other	diseases	(malignancy,	hepatitis	B,	lupus).	Eighty	percent	of		
idiopathic	(primary)	membranous	has	increased	anti-PLA	2	R	antibody	levels.

	31.	 IgA	nephropathy	is	the	most	common	primary	glomerulonephritis.	It	is	a	nephritic		
syndrome	that	classically	presents	with	hematuria.	There	is	wide	variability	in	kidney	
outcomes,	from	benign	microscopic	hematuria	to	rapidly	progressive	crescentic		
glomerular	nephritis.

	32.	 MPGN	develops	secondary	to	immune	complex	deposition	or	abnormalities	in	the		
alternate	pathway	of	complement;	it	can	progress	to	ESKD	over	10	to	15	years.

	33.	 There	is	no	proven	therapy	for	MPGN.	It	can	recur	in	up	to	30%	of	kidney	transplant	
recipients.

	34.	 Diabetic	retinopathy	is	present	in	almost	all	patients	with	type	1	diabetes	mellitus	and	
diabetic	nephropathy.
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	35.	 Early	diagnosis	of	lupus	nephritis	is	imperative	because	kidney	function	at	the	time	of	
biopsy	correlates	with	remission.

	36.	 Anti-neutrophil	cytoplasmic	autoantibodies	(ANCAs)	are	present	in	90%	of	pauci-immune	
glomerulonephritis	and	are	pathogenic	for	these	diseases.

	37.	 Induction	therapy	for	ANCA	vasculitis	rests	on	the	use	of	corticosteroids	in	combination	
with	cyclophosphamide	or	rituximab.	Plasma	exchange	should	be	considered	in		
patients	with	severe	pulmonary	hemorrhage,	advanced	kidney	disease,	or	concomitant	
anti-glomerular	basement	membrane	disease.

	38.	 Postinfectious	streptococcal	glomerulonephritis	occurs	7	to	21	days	after	a	streptococcal	
infection	(shorter	for	pharyngitis,	longer	for	skin	infections).	It	presents	with	acute	nephritis	
and	is	generally	self-limiting,	without	a	defined	role	for	immunomodulation.

	39.	 The	presence	or	absence	of	hepatitis	B	e	antigen	(HbeAg)	is	important	with	regard	to		
the	type	of	glomerular	disease	that	may	develop.	Patients	positive	for	both	HbeAg	and	
hepatitis	B	surface	antigen	are	highly	infectious	and	have	a	greater	risk	of	kidney	disease.

	40.	 Hepatitis	C–related	glomerulonephritis	is	associated	with	type	2	cryoglobulinemia,	resulting	
in	activation	of	the	classical	complement	pathway	(low	C3	and	C4)	with	MPGN.

	41.	 HIV-associated	nephropathy	(HIVAN)	occurs	almost	exclusively	in	patients	of	black	race	
who	have	high-risk	APOL1	genotypes.

	42.	 HAART	is	the	primary	treatment	for	HIVAN	and	may	lead	to	complete	histologic	reversal,	
but	HAART	is	not	as	successful	in	HIV	immune	complex	disease	of	the	kidney	(HIVICK).

	43.	 Both	rhabdomyolysis	and	tumor	lysis	syndrome	can	cause	profound	electrolyte		
abnormalities	(hyperkalemia,	hyperphosphatemia,	hypocalcemia,	and	hyperuricemia)		
as	a	result	of	the	release	of	intracellular	constituents.

	44.	 Rasburicase,	a	recombinant	uric	oxidase,	rapidly	lowers	uric	acid	levels	and	is	commonly	
used	in	the	prevention	of	AKI	secondary	to	tumor	lysis	syndrome.

	45.	 Myeloma	cast	nephropathy	is	a	medical	emergency	and	requires	immediate	diagnosis	
and	early	institution	of	therapy	in	order	to	prevent	irreversible	kidney	failure.

	46.	 Kidney	injury	in	myeloma	is	principally	related	to	the	light	chain	component	of	immuno-
globulin	because,	unlike	heavy	chains,	light	chains	are	freely	filtered	at	the	glomerulus	
and	reabsorbed	in	the	proximal	tubule.

	47.	 Bortezomib-based	chemotherapy	regimens	are	recommended	as	the	optimal	management	
of	AKI	and	myeloma

	48.	 The	measurement	of	serum-free	light	chains	is	the	preferred	study	if	suspecting		
myeloma	and	kidney	disease	due	to	light	chain	excess.

	49.	 Patients	with	amyloidosis	usually	present	with	edema	and	nephrotic	syndrome.

	50.	 Treatments	for	metastatic	renal	cell	carcinoma	can	be	nephrotoxic—VEGF	inhibitors	
can	cause	proteinuria,	and	programmed	death-1	inhibitors	can	cause	an	autoimmune	
nephritis.

	51.	 Thrombotic	microangiopathies	(TMAs)	present	with	microangiopathic	hemolytic	anemia,	
thrombocytopenia,	and	altering	degrees	of	kidney	failure	and	neurologic	dysfunction.	
The	major	causes	of	TMA	are	Shiga	toxin–associated	hemolytic	uremia	syndrome		
(ST-HUS),	atypical	hemolytic	uremia	syndrome	(aHUS),	and	thrombotic	thrombocytopenic	
purpura	(TTP).

	52.	 Fabry	disease	is	an	X-linked	lysosomal	storage	disease	that	is	unrecognized	in	0.2%	of	
patients	with	ESKD	that	can	be	detected	in	males	by	their	marked	decrease	or	absent	
plasma	a-galactosidase-A	activity.

	53.	 Alport	syndrome	is	associated	with	microscopic	hematuria,	proteinuria,	sensorineural	
hearing	loss,	and	progressive	loss	of	kidney	function.
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	54.	 Thin	basement	membrane	nephropathy	(TBMN)	is	a	benign	autosomal-dominant		
condition	associated	with	microscopic	hematuria	without	proteinuria,	hearing	loss,	or	
progressive	kidney	failure.

	55.	 The	classical	triad	of	fever,	maculopapular	rash,	and	peripheral	eosinophilia	is	seen	in	
only	a	minority	of	cases	(,10%)	of	acute	tubulointerstitial	nephritis	(ATIN).

	56.	 Drug-induced	ATIN	is	not	dose	dependent.	A	repeat	exposure	to	the	same	drug	can	
potentially	lead	to	a	recurrence	of	the	disease	process.

	57.	 Asymptomatic	bacteriuria	should	be	treated	only	when	present	in	pregnant	women,	or	
patients	undergoing	traumatic	genitourinary	procedures.

	58.	 The	major	physiologic	change	in	the	kidney	during	pregnancy	is	a	50%	increase	in	GFR.

	59.	 The	most	important	predictor	of	maternal	and	fetal	problems	when	pregnancy	occurs	
in	women	with	preexisting	kidney	disease	including	prematurity,	fetal	loss,	and	loss	of	
kidney	function	is	prepregnancy	kidney	function.

	60.	 Patients	with	sickle	cell	nephropathy	may	be	particularly	vulnerable	to	develop	AKI	as	a	
result	of	hemodynamic	insults,	toxins,	acute	pyelonephritis,	and	urinary	tract	obstruction.

	61.	 The	rate	of	uremic	toxin	removal	is	determined	by	the	time	on	dialysis,	the	blood	and	
dialysate	flow	rates,	and	the	efficiency	of	the	dialyzer.

	62.	 For	patients	receiving	hemodialysis	three	times	per	week,	it	is	recommended	that	the		
minimum	delivered	single	pool	Kt/V	dose	of	dialysis	is	1.2	and	that	the	minimum	treatment	
time	of	time	should	be	3	hours	if	residual	kidney	function	is	less	than	2	mL/min.

	63.	 Home	hemodialysis	provides	a	number	of	clinical	benefits	when	compared	with		
in-center	hemodialysis,	including	decreased	left	ventricular	mass,	better	volume		
control,	improved	serum	phosphorous	levels,	less	antihypertensive	medication	use,		
and	improved	quality	of	life.

	64.	 Initiating	incident	patients	on	peritoneal	dialysis	(PD;	i.e.,	“PD	First”)	offers	survival	and	
other	clinical	benefits,	particularly	in	situations	where	renal	replacement	is	unplanned	or	
a	central	venous	catheter	would	otherwise	be	used.

	65.	 In	patients	with	ESKD	achieving	recommended	renal	replacement	therapy	parameters	a	
high	serum	creatinine	represents	higher	muscle	mass	and	is	associated	with	significantly	
better	outcomes.

	66.	 A	team-based,	multifaceted	approach	to	continuous	quality	improvement	with	regular		
audit	of	infection	rates	and	outcomes	is	essential	to	improving	peritonitis	rates	in		
patients	undergoing	PD.	Training	and	re-training	of	both	patients	and	nurse	patient-	
educators	is	a	cornerstone	of	this	effort.

	67.	 In	ANCA	vasculitis,	plasma	exchange	is	presently	recommended	in	addition	to		
corticosteroids	and	cyclophosphamide	for	patients	presenting	with	advanced	kidney	
failure	and/or	pulmonary	hemorrhage.

	68.	 The	new	kidney	transplant	allocation	system	went	into	effect	in	December	2014.	There	
were	significant	changes	to	allow	for	longevity	matching	between	donors	and	recipients	
using	the	estimated	posttransplant	survival	score	and	kidney	donor	profile	index	(KDPI)	
score	to	maximize	graft	survival.	Another	change	was	giving	patients	a	time	credit	for	
time	on	renal	replacement	therapy.

	69.	 The	median	time	for	waiting	for	a	kidney	transplant	in	the	US	is	3.6	years.

	70.	 Living	donor	kidney	transplantation	offers	the	best	long-term	outcomes	for	patients	with	
ESKD.

	71.	 Calcineurin	inhibitors	remain	a	cornerstone	of	immunosuppressive	regiments	in	kidney	
transplantation.	They	work	by	blocking	calcineurin,	an	intricate	protein	in	the	signal	
transduction	pathway	that	activates	signal	3.	The	two	prototypes	are	tacrolimus	and		
cyclosporine,	with	tacrolimus	being	the	primary	drug	of	choice	today.
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	72.	 Chronic	rejection,	better	defined	as	chronic	antibody-mediated	rejection,	is	the	main	
cause	of	late	allograft	loss	and	is	histologically	defined	as	transplant	glomerulopathy.

	73.	 Epstein-Barr	virus	is	found	in	two-thirds	of	patients	with	posttransplant	lymphoproliferative	
disorder.

	74.	 Quantification	of	BK	virus	DNA	in	plasma	by	polymerase	chain	reaction	has	a	sensitivity	
and	specificity	of	100%	and	88%,	respectively;	a	kidney	transplant	biopsy	is	still	
needed	to	rule	out	other	diagnoses	and	confirm	the	diagnosis	of	BK	nephropathy.

	75.	 In	patients	who	have	received	a	kidney	transplant,	proteinuria	is	associated	with		
cardiovascular	events	and	mortality.

	76.	 The	traditional	blood	pressure	target	of	,140/90	mm	Hg	is	now	,130/80	mm	Hg	for	
everyone	except	those	with	a	,10%	10-year	risk	for	cardiovascular	events,	where	it	is	
still	,140/90.

	77.	 No	randomized	trials	to	date	have	demonstrated	a	clear	benefit	for	revascularization	
over	medical	management	alone	in	the	treatment	of	atherosclerotic	renal	artery	stenosis.

	78.	 Although	endocrine	and	secondary	forms	of	hypertension	are	uncommon,	about	20%	
of	patients	with	resistant	hypertension	can	have	their	blood	pressure	controlled	and		
occasionally	“cured”	with	specific	forms	of	treatment.	This	cannot	occur	if	secondary	
forms	of	hypertension	are	not	considered.

	79.	 The	most	common	form	of	secondary	hypertension	(,20%	in	some	series)	is	associated	
with	obstructive	sleep	apnea,	the	treatment	of	which	improves	blood	pressure	and	quality	
of	life.

	80.	 Hypertensive	emergencies	occur	when	elevated	blood	pressure	causes	acute	target-organ	
damage	and	requires	blood	pressure	to	be	reduced	gradually	within	minutes	to	hours.

	81.	 Initial	antihypertensive	drug	therapy	can	be	with	a	thiazide	or	thiazide-like	diuretic,	an	
ACE	inhibitor,	an	ARB,	or	a	calcium	channel	blockers.

	82.	 Spironolactone	has	emerged	as	the	treatment	of	choice	for	treatment-resistant	high	
blood	pressure,	but	requires	careful	monitoring	of	serum	potassium	and	kidney		
function.

	83.	 Salt	restriction	is	effective	in	reducing	cardiovascular	risk:	reducing	sodium	consumption	
to	approximately	1000	mg	daily	can	reduce	cardiovascular	events	by	25%,	and	every	
1000	mg	increase	in	daily	dietary	sodium	can	increase	the	relative	risk	of	nonfatal	stoke,	
myocardial	infarction,	and	heart	failure	by	10%.

	84.	 The	Dietary	Approaches	to	Stop	Hypertension	(DASH)	diet,	combined	with	sodium	
restriction	of	1.5	g	daily,	can	improve	systolic	blood	pressure	by	approximately		
9	mm	Hg.

	85.	 Diuresis	of	patients	with	chronic	obstructive	pulmonary	disease	and	cor	pulmonale	can	
cause	contraction	alkalosis.	Correction	of	contraction	alkalosis	with	acetazolamide	can	
lead	to	improved	ventilation.

	86.	 In	patients	with	volume	contraction	and	metabolic	alkalosis,	the	urine	sodium	concentration	
may	not	be	low.	In	this	circumstance	the	urine	chloride	will	typically	be	less	than	15	mEq/L.

	87.	 Abnormalities	of	serum	potassium	or	bicarbonate,	in	the	absence	of	diuretics,	in		
patients	with	difficult-to-treat	hypertension	should	trigger	an	evaluation	for	monogenic	
causes	of	hypertension.

	88.	 Hypotonic	hyponatremia	arises	from	inadequate	solute	intake,	excess	electrolyte-free	
water	intake,	or	reduced	excretion	of	electrolyte-free	water.	Urine	osmolality	can		
distinguish	the	latter	mechanism	from	the	first	two.

	89.	 While	acute	hypotonic	hyponatremia	can	be	rapidly	corrected,	the	rate	of	correction		
of	chronic	hyponatremia	should	be	limited	to	prevent	the	osmotic	demyelination		
syndrome.
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	 90.	 In	patients	with	severely	symptomatic	hyponatremia,	raising	the	serum	sodium		
concentration	by	just	3	to	4	mEq/L	by	administering	one	to	three	100	mL	boluses	of	
3%	saline	completely	abrogates	the	risk	of	seizures,	tentorial	herniation,	non-cardiogenic	
pulmonary	edema,	and	other	life-threatening	complications.

	 91.	 Prediction	equations	for	rate	of	rise	of	serum	sodium	concentration	in	response	to		
hypertonic	saline	infusions	do	not	account	for	ongoing	urinary	water	loss.	Measuring	
the	serum	sodium	concentration	change	frequently	when	hypertonic	saline	is	given	is	
essential	to	be	certain	that	the	response	meets	the	anticipated	target	rate.

	 92.	 Hyponatremia	should	be	presumed	to	be	chronic	unless	its	time	of	onset	is	definitely	
known.	This	is	especially	true	for	hyponatremia	developing	prior	to	hospital	presentation.

	 93.	 Definitive	interventions	to	remove	potassium	from	the	body	include	hemodialysis	or		
increasing	fecal	excretion	by	using	potassium	binders.

	 94.	 Intravenous	calcium	prevents	life-threatening	consequences	of	cardiac	arrhythmias		
due	to	severe	hyperkalemia	by	stabilizing	the	myocardial	and	conducting	tissue	cell	
membranes.	This	effect	is	rapid	but	short-lived	and	hence	should	be	followed	by		
definitive	measures	to	lower	serum	potassium	levels.

	 95.	 Hyperphosphatemia	in	the	setting	of	normal	kidney	function:	think	excessive	intake,	
cellular	breakdown,	or	hypoparathyroidism.

	 96.	 Always	ensure	magnesium	is	replete	in	patients	with	hypokalemia.

	 97.	 The	current	“Surviving	Sepsis”	guidelines	recommend	against	administration	of	sodium	
bicarbonate	for	arterial	pH	of	7.15	or	more,	and	express	uncertainty	about	whether		
giving	it	when	pH	is	lower	has	any	utility.

	 98.	 Measuring	the	concentration	of	Cl2	in	the	urine	is	an	excellent	first	step	in	the	clinical	
approach	to	patients	with	metabolic	acidosis.

	 99.	 Hypokalemia	plays	a	central	role	in	the	pathophysiology	of	metabolic	alkalosis	and	
must	be	corrected	to	successfully	correct	metabolic	alkalosis.

	100.	 Palliative	care	can	be	provided	at	any	time	during	the	course	of	a	serious	illness	and	is	
not	synonymous	with	hospice,	which	is	a	Medicare	benefit	for	patients	with	a	terminal	
illness	or	a	prognosis	less	than	6	months.
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	 1.	 How	do	patients	with	kidney	disease	typically	present?
Patients with kidney disease typically present in several ways:
• Abnormal blood laboratory studies (e.g., elevated blood urea nitrogen [BUN] and serum creatinine, 

decreased estimated glomerular filtration rate, or abnormal serum electrolyte values)
• Asymptomatic urinary abnormalities (e.g., microscopic hematuria, proteinuria, microalbuminuria)
• Changes in urinary frequency or problems with urination (e.g., polyuria, hematuria, nocturia, urgency)
• New-onset hypertension
• Worsening edema in dependent areas
• Nonspecific symptomatologies (e.g., nausea, vomiting, malaise)
• At times, symptoms can be specific (e.g., ipsilateral flank pain in those with obstructing nephrolithiasis)
• Incidental discovery of anatomic kidney abnormalities on routine imaging studies (e.g., horseshoe 

kidney, congenitally absent or ptotic kidney, asymmetric kidneys, angiomyolipoma, kidney mass, 
polycystic kidneys)

• Symptoms related to underlying systemic disease (e.g., skin changes and/or rash with scleroderma, 
vasculitis, systemic lupus erythematosus [SLE], arthritis due to gout, SLE, etc.)

	 2.	 What	important	features	need	to	be	elicited	in	the	history	of	patients	referred	for	kidney	disease	
evaluation?
• Previous diagnosis of kidney disease (e.g., previous documentation of BUN and serum creatinine 

values)
• History of asymptomatic urinary abnormalities (e.g., hematuria, proteinuria)
• History of alterations in urinary frequency or urgency, etc.
• Change in the urinary character or appearance (e.g., smell, color, frothy appearance)
• History of diabetes (duration, severity, end-organ damage)
• History of hypertension (including cardiac history)
• Previous exposure to nephrotoxic medications (e.g., nonsteroidal antiinflammatory drugs [NSAIDs], 

antibiotics such as aminoglycosides)
• Previous adverse reactions to renin-angiotensin-aldosterone system blocking agents (e.g., angiotensin-

converting enzyme inhibitors, angiotensin receptor antagonists)
• Recent gastrointestinal endoscopic procedures requiring bowel cleansing (risk of acute phosphate 

nephropathy in those who use phosphate-containing enema)
• Recent exposure to contrast-requiring procedures (risk of contrast-induced acute kidney injury)
• Recent systemic infections or intercurrent illnesses
• Family history of kidney disease or any relative requiring some form of renal replacement therapy 

(e.g., polycystic kidney disease [PKD], Alport syndrome)
• History of autoimmune diseases
• Recent changes in dose of a medication, or any new medication recently started
• Any over-the-counter medications used (e.g., NSAIDs) and/or herbal, natural supplements

	 3.	 Why	is	smoking	history	important	in	patients	with	kidney	disease?
Chronic kidney disease has been shown to be closely related to cardiovascular disease and smoking. 
The concept of smoking as an “independent” progression factor in kidney disease has been a subject 
of interest in numerous investigations. Since 2003 several publications of clinical and experimental 
data concerning the adverse kidney effects of smoking have drawn interest, including large, prospec-
tive, population-based, observational studies. These studies clearly demonstrate that smoking is a  
relevant risk factor, and it does confer a significant increase in the risk for progression of kidney  
dysfunction (i.e., elevation of serum creatinine) regardless of the underlying cause of the kidney  
disease.
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It has been suggested that urinary cotinine, a metabolite of nicotine, can potentially be used as 
an objective measure of smoking exposure. Its use has not been studied in the population with 
chronic kidney disease.

	 4.	 What	familial	diseases	are	characterized	by	kidney	involvement?
• Autosomal dominant PKD (ADPKD) (chromosomes 4 and 16)
• Autosomal recessive PKD (linked to chromosome 6)
• Autosomal dominant tubulointerstitial kidney disease (previously known as familial juvenile hyperuri-

cemic nephropathy type 1, medullary cystic kidney disease type 2, and or uromodulin-associated 
kidney disease, linked to chromosomes 1, 16, 17)

• Focal segmental glomerulosclerosis (linked to chromosomes 1, 9, 10, 11, 19)
• Hypertension
• Diabetes mellitus
• Fabry disease
• Alport syndrome
• Sickle cell nephropathy
• Familial hypercalcemic hypocalciuria
• Cystinuria
• HDR syndrome (syndrome of hypoparathyroidism, sensorineural hearing loss, and kidney disease; 

also called Barakat syndrome; mapped to chromosome 10p)
• Liddle syndromes of apparent mineralocorticoid excess and other monogenic hypertension
• Bartter and Gitelman syndromes
• Congenital nephrotic syndrome (Finish and other variants, mapped to chromosomes 1, 3, 11, 19)

	 5.	 What	are	the	common	symptoms	and	signs	that	are	seen	in	patients	with	advanced	kidney		
disease?
Chronic kidney disease is usually characterized by nonspecific signs and symptoms in the earlier 
stages and can be detected only by an increase in serum creatinine.

Symptoms
• Loss or decreased appetite (protein aversion)
• Easy fatigability
• Generalized weakness
• Involuntary weight loss (resulting from  

cachexia) or gain (resulting from fluid  
retention)

• Alterations in mentation (e.g., lethargy, 
coma, difficulty concentrating)

• Nausea and vomiting; dyspepsia
• Metallic taste
• Generalized itching or pruritus
• Seizures
• Difficulty breathing
• Edema

• Intractable hiccups
• Frothy” appearance of urine (usually results 

from proteinuria)
• Decreased sexual interest (e.g., erectile 

dysfunction)
• Restless legs

Signs
• Elevated blood pressure (BP)
• Pallor (from anemia)
• Volume overload (jugular venous distention, 

peripheral edema, pulmonary edema,  
anasarca)

• Friction rub (pericarditis)
• Asterixis and myoclonus (uremic  

encephalopathy)

	 6.	 What	is	a	bedside	diagnostic	test	that	will	suggest	the	presence	of	underlying	diabetic	nephropathy?
Funduscopy. It is believed that the similarities in the vascularization between the retina and the kidneys 
account for the correlation of the typical microvascular complications commonly seen in patients with 
diabetes mellitus.

Patients with type 2 diabetes with proliferative retinopathy often present with kidney involve-
ment, manifested by either microalbuminuria (in the earlier stages) or overt proteinuria. Therefore it is 
recommended that all patients with diabetes and proliferative retinopathy undergo an evaluation of 
kidney function including testing for microalbuminuria.

It must be remembered that although the presence of retinopathy does support a diabetic source 
of proteinuria, the lack of diabetic retinopathy does not rule out diabetic nephropathy.

	 7.	 What	are	the	common	extrarenal	manifestations	associated	with	kidney	diseases?
Dermatologic
• See Question 8

Arthritis and/or Musculoskeletal Symptoms
• Lupus nephritis

• Rheumatoid arthritis
• Henoch-Schönlein purpura
• Cryoglobulinemia
• Sarcoidosis

 



HISTORY AND PHYSICAL DIAGNOSIS 5

	 8.	 What	is	importance	of	itching	in	kidney	diseases,	and	how	do	you	treat	it?
Pruritus or itching is among the most common symptom of ESKD. In severe cases, it can be unrelenting. 
Although mostly benign in etiology (see xerosis, previous), it can lead to secondary complications, such as 
excoriations and lichen simplex chronicus, which may be disfiguring in extreme cases.

The use of emollients, moisturizing lotions, keratolytic agents, and hydration have been commonly 
recommended as conservative treatment.

In some cases, phototherapy (ultraviolet B radiation [UVB] administered as total body irradiation 
3 times a week for a total of 8 to 10 sessions) has been shown to be helpful. It has been suggested 
that UVB (wavelength 280 to 315 nm) inactivates certain pruritogenic chemicals and induces the  
formation of metabolites with antipruritic effects. The risk of malignancy is fairly significant, especially 
in fair-skinned individuals.

Topical capsaicin (0.025%), by reducing the levels of substance P in cutaneous type C sensory 
nerve endings, has been useful for localized pruritus.

Topical tacrolimus (0.03% for 3 weeks, followed by 0.01% for another 3 weeks) may be beneficial 
but can predispose to dermatologic malignancies, so it is not recommended as a first line therapy or 
for prolonged use.

Gabapentin (100 to 300 mg after each dialysis treatment) also has antipruritic effects. Prominent 
side effects include depression of the central nervous system.

m-opioid receptor antagonists, such as per os (PO) naltrexone, has antipruritic properties. In the 
same family, intranasal butorphanol (a F06BF06B-opioid receptor agonist and m-opioid receptor 
antagonist) is another option.

Other treatment options include PO-activated charcoal, selective serotonin antagonists (ondansetron 
and granisetron), oral cromolyn, cholestyramine, thalidomide, erythropoietin, and intravenous lidocaine.

	 9.	 What	is	calciphylaxis?
Calcific uremic arteriolopathy (CUA), also known as calciphylaxis, is characterized by painful, 
subcutaneous purpuric plaques and nodules. These nodules may necrose in advanced disease.  
Although the skin manifestations are dramatic, it is useful to think of it as a systemic disease, and 
treat aggressively, given its high fatality rate. When the extremities are involved, the lesions tend to  
be bilateral and symmetric in distribution and often are described as a mottled or violaceous discoloration 
with a reticular pattern, similar to livedo reticularis (seen in atheroembolic kidney disease, antiphospholipid 
syndrome, and cryoglobulinemia). Of note, those with proximal lesions (trunk, buttocks, and thighs) tend  
to have a worse prognosis compared with those with more distal lesions (forearms and fingers; calves 
and toes).

• Amyloidosis
• Multiple myeloma
• Gouty nephropathy

Hemoptysis
• Acute kidney injury with community  

acquired pneumonia
• Pulmonary renal syndrome

Goodpasture syndrome (also called  
anti-GBM disease)

Henoch-Schönlein purpura and immuno-
globulin A nephropathy

Anti-Neutrophil Cytoplasmic Antibody 
(ANCA)-related vasculitides: Granulo-
matosis with polyangiitis (previously 
called Wegener granulomatosis);  
eosinophilic granulomatosis with  
polyangiitis (previously called Churg-
Strauss syndrome); microscopic  
polyangiitis; and pauci-immune  
crescentic glomerulonephritis

Cryoglobulinemia
• Lupus nephritis with pneumonitis
• Pulmonary thromboembolism/infarction  

related to hypercoagulability (membranous 

nephropathy and antiphospholipid  
syndrome)

• Volume overload (congestive heart failure, 
mitral stenosis)

Hearing loss
• Hearing loss from aminoglycosides or loop 

diuretics in someone with kidney disease
• Alport syndrome
• Charcot-Marie-Tooth syndrome
• HDR syndrome (hypoparathyroidism,  

sensorineural hearing loss, and kidney  
disease; also called Barakat syndrome)

• Wolfram syndrome (diabetes insipidus,  
diabetes mellitus, optic atrophy)

• Bartter syndrome (type IV)

Abdominal discomfort
• Henoch-Schönlein purpura
• Cryoglobulinemia
• Microscopic polyangiitis
• ADPKD

Cervicocranial aneurysms:
• ADPKD (also with mitral valve prolapse)
• Fibromuscular dysplasia



6 PATIENT ASSESSMENT

Several known risk factors predispose to CUA—namely, poorly controlled secondary hyperpara-
thyroidism, uncontrolled diabetes mellitus, obesity, female sex, duration of renal replacement therapy,
history of skin trauma, and use of warfarin.

The increased expression of osteopontin and bone morphogenic protein 4 suggests the pivotal
role that inducers of vascular calcification play in its pathogenesis.

Suspicion is the key to early diagnosis. When identified in its earlier stages (nonulcerative),
initiation of therapeutic measures has been shown to improve prognosis.

Prevention is the key to management of CUA. Aggressive control of secondary hyperparathyroidism
(see Chapter 21) is pivotal.

Sodium thiosulfate is one of the therapies for established CUA. It is believed to work by two
mechanisms of action:

 1. Chelates calcium from soft tissues
 2. Antioxidant, inducing endothelial nitric oxide synthesis, thereby improving local blood flow and soft

tissue oxygenation.
A commonly used regimen is 5 to 25 g of intravenous (IV) Na thiosulfate administered toward the end
of dialysis for several weeks to months.

Bisphosphonates (IV pamidronate and ibandronate and PO etidronate) may be effective in altering
ectopic deposition of calcium phosphate and directly inhibiting calcification via the nuclear factor
F06BF06BB cascade, although there are limited data.

Hyperbaric oxygen therapy improves oxygen delivery to damaged tissues by increasing the par-
tial pressure of oxygen; it also promotes wound healing by supporting phagocytosis and angiogenesis
while decreasing tissue edema.

	10.	 What	is	nephrogenic	systemic	fibrosis	(NSF)?
NSF, previously known as nephrogenic fibrosing dermopathy, is characterized by progressive fibrosis
and thickening of the skin (similar to scleroderma), which is particularly painful, and also fibrosis in
other organs (e.g., pleura, diaphragm). The skin lesions appear as plaques, papules, or nodules
distributed in an asymmetric fashion over the distal extremities. The pathogenesis is deposition of
gadolinium (contrast material used in magnetic resonance imaging), which does not get cleared in the
presence of severe chronic kidney disease or acute kidney injury. The interval between exposure to
gadolinium and the early manifestations of NSF can range from 2 days to 18 months. This variability
is attributed to mobilization of gadolinium from bone over time. The risk of NSF appears to be higher
with the linear molecules (e.g., gadodiamide) compared with macro cyclic gadolinium molecules.

NSF has no effective treatment and a high fatality rate, so the primary focus is on prevention.
Gadolinium-enhanced scans should be avoided in patients with severe chronic kidney disease or
acute kidney injury. When gadolinium-enhanced scans are necessary, prophylactic measures that
have been described include the use of hemodialysis (HD; eliminates 92% of gadolinium after two HD
sessions; 99% after three HD sessions) in patients with advanced chronic kidney disease. Similarly,
an intensified regimen of peritoneal dialysis (PD) can remove gadolinium (90% of the gadolinium in
2 days with a regimen of 10 to 15 exchanges per day of PD). The effectiveness of these measures is
not clear.

	11.	 What	are	the	other	common	dermatologic	manifestations	of	kidney	disease?
Xerosis or dryness of the skin, especially on the extensor surfaces of the extremities, is common
among patients receiving dialysis. It can lead to generalized pruritus and can be uncomfortable.

Changes in pigmentation—in particular, hyperpigmentation—have been attributed to the
increased levels of melanocyte-stimulating hormone and the subsequent deposition of melanin in the
basal layer of the epidermis.

Some patients may have a “sallow” discoloration of the skin believed to be caused by deposition
of lipochrome pigment and carotenoids in the dermis and subcutaneous tissues.

Pallor is commonly associated with varying degrees of anemia as a result of chronic kidney
disease.

Uremic frost refers to the deposition of crystallized urea that is excreted from sweat in the
epidermis, seen in cases of untreated and advanced kidney disease.

Ecchymoses are commonly associated with uremic platelet dysfunction.
Lindsay nails, also known as “half and half nails,” refer to the whitish discoloration of the proximal

half of fingernails, believed to be a result of edema of the nail bed and underlying capillary network.
Acquired perforating dermatosis (Kyrle disease) is predominantly seen in African Americans

with diabetes mellitus. It is usually characterized by a linear confluence of papules with a central,
oyster shell–like keratotic plug, distributed on the trunk, proximal extremities, scalp, and face, and
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the lesions are pruritic. Possible etiologies include an inflammatory skin reaction secondary to the 
presence of uremic toxins, uric-acid deposits, or scratching-induced trauma.

Porphyria cutanea tarda (PCT) commonly presents as a vesiculobullous disease commonly 
involving the dorsum of both hands and feet but can affect any sun-exposed areas. It is commonly 
accompanied by sclerodermoid plaques (facial hyperpigmentation) and hypertrichosis. It is usually 
secondary to increased levels of uroporphyrins.

Avoidance of sun exposure is the cornerstone of management. Other measures to decrease  
uroporphyrin levels include the use of high-flux dialysis membranes (to improve dialysis efficacy) and 
small-volume weekly phlebotomies in extreme, rare cases.

Common precipitating factors are alcohol intake, use of estrogen and iron supplementations,  
and chronic infections (e.g., hepatitis B or C virus, human immunodeficiency virus).

One common differential diagnosis is pseudoporphyria, which is clinically similar to PCT with the 
exception of normal uroporphyrin levels.

	12.	 What	are	the	causes	of	palpable	kidneys?
Palpation for the kidneys is best performed bimanually, with one hand behind the patient in the costo-
vertebral angle and the other anteriorly just below the costal margin. They may be normally palpable 
in very thin individuals. Pathologic causes include:
• ADPKD (both kidneys will be palpable)
• Large kidney tumors
• Obstruction of the urinary tract with severe hydronephrosis
• Very large kidney cyst(s)

	13.	 What	are	the	causes	and	significance	of	an	abdominal	bruit?
• Normal: Approximately 5%–25% of normal individuals may have a midsystolic bruit audible, with 

the prevalence being higher in younger individuals.
• Renovascular disease: The characteristic bruit seen in renovascular hypertension, due to renal  

artery stenosis, is an epigastric systodiastolic bruit. Although it has a low sensitivity, it has a high 
specificity in the patient in whom one is suspecting renovascular hypertension. Renovascular  
hypertension can be due to either atherosclerotic disease or fibromuscular dysplasia (typically  
seen in young or middle-aged women). In fibromuscular dysplasia, extrarenal disease is common, 
with cervicocranial and other abdominal arteries being involved in particular.

• Nonrenal causes of abdominal bruit include portal hypertension (periumbilical venous hum),  
pancreatic neoplasia (epigastric bruit), splenic arteriovenous malformation (left upper quadrant), 
hepatic carcinoma (right upper quadrant), and abdominal aortic aneurysms.

	14.	 What	are	the	other	important	aspects	of	physical	examination	in	kidney	disease?
• BP measurement is a keystone of assessment of kidney disease. High BP can be a cause or a  

consequence of kidney disease. Proper measurement, with adequate resting, measurement of both 
arms, and assessment of change with posture should be a part of BP measurement.

• Assessment of volume: This is important for any case of acute kidney injury to make decisions 
about volume resuscitation, as well for advanced kidney disease to assess for volume overload. 
Typical components include jugular venous pressure, orthostatic BP measurements, skin turgor, 
and mucus membranes.

• Chest examination: Signs of volume overload (pulmonary edema); pericardial friction rub (in uremic 
pericarditis)

• Musculoskeletal system: See “Arthritis” section earlier.
• Skin: Many diseases, especially autoimmune diseases, can be accompanied by a skin rash, such 

as SLE and Henoch-Schönlein purpura. Kidney disease can also have skin manifestations (see 
Question 11 for more details).

 1. The similarities in the vascularization between the retina and the kidneys account for the correla-
tion of the typical microvascular complications commonly seen in patients with diabetes mellitus.

 2. Tobacco abuse confers a significant increase in the risk for progression of kidney dysfunction,  
regardless of the underlying cause of the kidney disease.

 3. In patients with calciphylaxis, those with proximal lesions (trunk, buttocks, and thighs) tend to have 
worse prognosis compared with those with more distal lesions (forearms and fingers; calves and toes).

KEY POINTS
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Commonly Used Terms for Signs and Symptoms of Kidney Disease and their 
Meaning and Significance

Term Meaning Significance

Oliguria Decreased urine output (,0.5 mL/
kghour in children, ,400 mL/day 
in adults)

Volume depletion; kidney failure

Anuria Severely decreased urine output  
(,100 mL/day)

Kidney failure

Absolute anuria No (0 mL) urine output Blocked/kinked catheter, urinary obstruction
Dysuria Pain or burning while passing 

urine
Urinary tract infections, stones, sexually 

transmitted infections, interstitial  
cystitis

Hematuria Presence of blood in urine; Gross:  
visible with naked eye

Microscopic: only seen with  
dipstick/urinanalysis

Source of blood can be urinary tract or 
glomerulus

Proteinuria Presence of protein in urine, by 
dipstick (trace or more) or  
quantitation

Usually suggests intrinsic kidney disease

Microalbuminuria Very small amounts of albumin in 
urine, usually missed by urine 
dipstick

Sign of early diabetic kidney damage;  
in nondiabetic conditions suggests  
endothelial dysfunction

Polyuria Increased amount of urine  
(opposite of oliguria)

Increased water intake; diabetes

Nocturia Increased frequency of urine at 
night

Usually accompanies polyuria; also with 
chronic kidney disease (decreased  
urinary concentrating ability)

Pollakiuria Frequent urination in the daytime Benign condition in children; accompanies 
polyuria; neurogenic bladder; drugs 
(e.g., tolvaptan)
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	 1.	 What	is	uroscopy?
Uroscopy comes from the word “uroscopia,” meaning scientific examination of the urine. It is derived
from the Greek words ouron meaning urine and skopeo meaning to behold, contemplate, examine, or
inspect. Such analysis of the urine was historically termed uroscopy until the 17th century and is now
called “urinalysis.”

	 2.	 What	is	the	proper	way	of	collecting	and	handling	a	urine	specimen	for	analysis?
When collecting the urine specimen, the first 200 mL of early-morning voided urine should be
discarded. In men a simple midstream urine collection should suffice, whereas in women the external
genitalia should be cleaned first, to avoid contamination with secretions, before collecting a midstream
specimen. The specimen should be collected in a clean but not necessarily sterile container.

Urine should be analyzed within 30 to 60 minutes of voiding; the initially uncentrifuged
specimen is analyzed for color, pH, specific gravity, blood, protein, and glucose. Subsequently, it is
centrifuged at 3000 rpm for 3 to 5 minutes. The sediment is then examined under the microscope for
various elements, such as red blood cells (RBCs) and RBC casts, white blood cells (WBCs) and WBC
casts, squamous epithelial cells, hyaline, and granular casts.

	 3.	 What	are	the	typical	elements	in	a	urine	dipstick?
See Table 2.1.
• Color: Normal urine color can vary from pale or light yellow to deep amber or dark yellow. The

color is due the pigment urochrome. Two important characteristics influence the color: its chemical
composition and concentration. In an individual who is volume depleted, urine concentration tends
to be elevated, giving rise to a darker-yellow urine. However, in a patient with diabetes insipidus,
the urinary concentrating ability is impaired, making the urine dilute and lighter yellow in color
even in the presence of volume depletion. Certain medications and foods alter the urine color
(Table 2.2). In porphyria cutanea tarda, the urine turns the color of port wine.

• Clarity or turbidity: The degree of turbidity or cloudiness is usually influenced by excess amounts
of cellular debris and casts but can also be secondary to proteinuria, crystals, or contamination
with vaginal discharge.

• pH: Normal urine pH ranges between 4.5 and 8.0. In a normal individual on a Western diet, the
average endogenous acid production is 1 mEq/kg per day, and the kidneys are responsible for
clearing this acid load, so urine is typically quite acidic, usually with a pH of 5 to 6. Urine pH is
useful in differentiating the different types of renal tubular acidosis (RTA), which is characterized by
the inability to acidify urine to a pH less than 5.5 (i.e., despite an overnight fast and acid loading).
Similarly, it also provides a clue to the causes and therapies for certain disease states (e.g.,
nephrolithiasis). Alkaline urine is usually seen in urinary tract infection (UTI) caused by urea-
splitting organisms (Proteus mirabilis), associated with magnesium–ammonium phosphate crystals and
staghorn calculi, whereas acidic urine is seen with uric acid calculi. Urine may also be deliberately (but
cautiously, to avoid metabolic alkalemia and hypocalcemia) alkalinized, to a pH greater than 6.5, for
therapeutic reasons, to aid in elimination of certain toxins (e.g., salicylates, barbiturates) or to prevent
the crystallization of uric acid in tumor lysis syndrome or myoglobin in rhabdomyolysis.

• Specific gravity: The urine specific gravity (1.005 to 1.025) reflects the ability of the kidneys to
concentrate urine. In patients with impaired urinary-concentrating ability (acute tubular necrosis,
sickle cell nephropathy, diabetes insipidus), the specific gravity tends to be low. Although imprecise
at times, it can reflect a person’s volume status.

• Blood: The urinary dipstick test for blood detects the peroxidase activity of RBCs; however,
myoglobin and hemoglobin also catalyze this reaction, so a positive dip stick may indicate
hematuria, hemoglobinuria (paroxysmal nocturnal hemoglobinuria, transfusion-related reactions,
infection with Plasmodium falciparum, infection with Clostridium welchii), or myoglobinuria
(rhabdomyolysis). In the presence of positive blood on dipstick analysis, the presence of RBCs on
urine microscopy confirms the diagnosis of hematuria (see Question 4 for more on this topic).
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Table 2.1. Urine Dipstick Testing

MEASURED CLINICAL SIGNIFICANCE CAVEATS

Specific  
gravity

Expected value: 1.002–1.030
,1.005: inability to concentrate 
urine (e.g., diabetes insipidus, acute 
tubular necrosis)
.1.030: SIAD, adrenal insufficiency, 
hypovolemia

Increased values in the presence of  
protein .1 g/L, ketoacids, iodinated 
contrast media, dextran
Urine osmolality is a more exact 
measure of urinary solutes

pH Expected value: 5.5–6.5
Alkaline: Diet (e.g., vegetarian),  
renal tubular acidosis (type I or II), 
salicylate overdose, acetazolamide, 
alkali therapy
Acidic: diabetic ketoacidosis, diarrhea, 
furosemide, systemic acidosis

Increased values when urine left  
standing (increased ammonia synthesis)

Hemoglobin Expected value: Negative
Positive due to presence of erythro-
cytes, or free hemoglobin (e.g., with 
intravascular hemolysis)

False negative: Presence of ascorbic  
acid or formaldehyde, high nitrite  
concentration, delayed examination, high 
density of urine
False positive: Myoglobin, microbial  
peroxidases, oxidizing detergents,  
hydrochloric acid

Glucose Expected value: negative
Positive in presence of glucose,  
typical diabetes mellitus, or with  
reduced renal threshold for glucose 
(e.g., proximal RTA, pregnancy, use 
of sodium-glucose transporter  
inhibitors, i.e., gliflozins)

False negative: Presence of ascorbic 
acid, urinary tract infection
False positive: Presence of oxidizing  
detergents, hydrochloric acid

Albumin Expected value: Negative
Positive (1 or more): Proteinuria 
(glomerular disease)

False negative: Immunoglobulin light 
chains, hydrochloric acid, tubular  
proteins, other globulins, colored urine
False positive: Alkaline urine (pH . 7.5), 
quaternary ammonium detergents, 
chlorhexidine, polyvinylpyrrolidone

Leukocyte  
esterase

Expected value: Negative
Positive indicates pyuria, which 
would indicate a urinary tract  
infection, or other causes of sterile 
pyuria (as discussed previously)

False negative: Presence of ascorbic 
acid, recent treatment with gentamicin, 
tetracycline, cephalosporins, nitrofuran-
toin; proteinuria, glycosuria
False positive: Oxidizing detergents, 
formaldehyde (0.4 g/L), sodium azide, 
colored urine from beet ingestion, or  
bilirubin

Nitrites Expected value: Negative
Positive in presence of bacteria that 
convert nitrates in urine to nitrites 
(typically gram-negative bacilli such 
as E. coli, Klebsiella)

False negative: Short bladder incubation 
time, presence of ascorbic acid,  
gram-positive bacteria
False positive: colored urine

Ketones Expected value: Negative
Positive with ketonuria (e.g.,  
ketoacidosis due to diabetes,  
starvation; may also occur in  
pregnancy, low-carbohydrate diets)

False negative: Test does not detect 
presence of b-hydroxybutyrate
False positive: Free sulfhydryl groups 
(e.g., captopril), l-dopa, salicylates, 
phenothiazines, pigments in urine
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Table 2.1. Urine Dipstick Testing (Continued)

MEASURED CLINICAL SIGNIFICANCE CAVEATS

Bilirubin Expected value: Negative
Positive in the presence of jaundice 
(hepatic or cholestatic disease)
Negative in the presence of hyperbil-
irubinemia due to hemolysis

False negative: Presence of ascorbic 
acid, delayed examination, rifampin,  
exposure of urine to ultraviolet (UV) light
False positive: Phenothiazines

Urobilinogen Expected value: Negative
Positive in presence of hyperbilirubi-
nemia due to hepatic disease or  
hemolysis; negative in cholestatic 
disease

Table 2.2.  Possible Causes of Altered Urine Color

URINE COLOR POSSIBLE CAUSES

Red Foods: beets, blackberries, rhubarb
Medications: laxatives, antipsychotics (chlorpromazine, thioridazine),  
anesthetics (propofol)
Toxins: lead, mercury
Conditions: urinary tract infections, nephrolithiasis, porphyria, hemoglobinuria 
(rhabdomyolysis); see Question 7

Orange Foods: vitamin C, carrots
Medications: rifampin, phenazopyridine

Green Foods: asparagus
Medications: vitamin B, propofol
Conditions: Pseudomonas urinary tract infection

Blue Medications: amitriptyline, indomethacin, IV cimetidine, IV promethazine,  
triamterene, methylene blue
Conditions: blue diaper syndrome (see Question 5)

Brown Foods: fava beans
Medications: antimalarials (chloroquine, primaquine), antimicrobials  
(metronidazole, nitrofurantoin), laxatives (senna), methocarbamol, levodopa
Conditions: hepatobiliary diseases (obstructive and nonobstructive),  
tyrosinemia, Gilbert syndrome

Pink Uric acid crystals

Purple See Question 4

Black Conditions: malignant melanoma, porphyria, alkaptonuria (ochronosis)

IV, Intravenous.

• Protein: Normal urinary protein excretion should not exceed 150 mg/day. Among these urinary 
proteins are filtered albumin and the tubular Tamm-Horsfall mucoproteins (also called uromodulin). 
Urinary dipsticks detect only the presence of albumin, and hence they are notorious for being poor 
indicators of the presence of nonalbumin proteins, especially Bence Jones proteins (immunoglobulin 
[Ig] light chains, commonly seen in multiple myeloma). It is also important to recognize that the 
dipstick measurement of urine protein is dependent on the concentration of the urine specimen so 
that a patient with concentrated urine may test 21 for protein, but when a 24-hour urine collection 
is obtained, the actual amount of protein excreted could be modest. Conversely, a patient with  
dilute urine may test only trace positive for protein but may have a larger amount of protein on a 
24-hour collection. Thus it is important to quantify the amount of proteinuria found on dipstick  

RTA, Renal tubular acidosis; SIAD, syndrome of inappropriate diuresis.
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testing. This can be done either with a 24-hour collection or with a random protein-to-creatinine 
ratio (PCR). A more reliable test for the presence of overall (including nonalbumin) proteins is called 
the sulfosalicylic acid test. It detects the presence of both albumin and nonalbumin proteins  
(including light chains) in the urine, even in low amounts. See Questions 16 to 19 for more on  
proteinuria.

• Glucose: Normal urinary glucose should not exceed 130 mg/day. Glucosuria (also termed 
glycosuria) commonly indicates the presence of diabetes mellitus. Other causes include the  
Fanconi syndrome (i.e., renal glycosuria accompanying proximal RTA) and the use of sodium- 
glucose cotransporter inhibitors. Urinary dipsticks (which use the glucose oxidase reaction) detect 
only the presence of glucose. For pediatric patients with suspected inborn errors of metabolism, 
other semiquantitative tests are used, such as Clinitest and Benedict test.

• Ketones: The presence of ketones in the urine is abnormal. There are three ketones found in dia-
betic ketoacidosis (acetone, acetoacetic acid, and bb-hydroxybutyric acid), but the urine dipstick 
detects only acetoacetate. Conditions whereby ketonuria may be present include poorly controlled 
diabetes, pregnancy, and starvation.

• Nitrite: Urinary nitrates are converted into nitrite by certain, commonly pathogenic bacterial 
species (Escherichia coli, Klebsiella, Proteus, Pseudomonas, Enterobacter, Citrobacter). 
Therefore a positive nitrite is an indication of the presence of such bacteria. Other bacteria 
(Haemophilus, Staphylococcus, Streptococcus) do not have the ability to convert nitrate 
to nitrite. Therefore this test is considered specific but not very sensitive, whereas a positive 
nitrite may be suggestive of an active UTI; a negative result does not necessarily rule  
it out.

• Leukocyte esterase: When WBCs in the urine undergo lysis, esterases are released. Therefore a 
positive leukocyte esterase test implies pyuria and a UTI. If the urine culture is negative (i.e., sterile 
pyuria), this could indicate an infection that is not easily cultured (e.g., bacterial infections such  
as Chlamydia, Ureaplasma urealyticum, Mycobacterium tuberculosis, viral, fungal, or parasitic 
infections) or noninfectious causes of pyuria, such as urinary tract stones, interstitial nephritis, or 
acute glomerulonephritis.

• Bacteria: In the appropriate clinical scenario, with positive tests for nitrite and leukocyte esterase, 
the presence of bacteria further strengthens the diagnosis of an underlying UTI. However, despite 
this, one has to also consider the presence of squamous epithelial cells, which if abundant ($15 to 
20/high power field [hpf]) indicate a contaminated specimen.

• Bilirubin and urobilinogen: Normally, bilirubin in the urine should be undetectable. Conjugated 
bilirubin is secreted in bile and metabolized to urobilinogen, which is reabsorbed via the portal  
circulation, with a small amount being filtered by the glomerulus. The presence of significant 
amounts of water-soluble, conjugated bilirubin in the urine may be a clue to underlying liver  
disease or obstructive hepatobiliary conditions and gives the urine the dark characteristic color 
seen in jaundice. Increased levels of urobilinogen are seen in conditions characterized by excessive 
hemolysis and liver disease.

	 4.	 What	are	the	important	aspects	of	urine	microscopy?
Casts: Urinary casts are cylindrical structures that are formed from coagulated protein (Tamm-Horsfall 
protein) secreted by tubular cells. As their name implies, they are usually formed in the long, thin,  
hollow renal tubules and take their shape. They develop in the distal convoluted tubule or the collect-
ing duct. The proximal convoluted tubule and loop of Henle are not locations for cast formation.  
Low urine flow rate, high urinary salt concentration, and low urine pH all favor protein denaturation 
and precipitation of Tamm-Horsfall protein, the organic matrix that cements the casts together  
(Table 2.3; Fig. 2.1).

Cells: The presence of more than 15 to 20 squamous epithelial cells/low power field (lpf) is an 
indication that the urine specimen is contaminated (Fig. 2.2A). The presence of dysmorphic RBCs (also 
called acanthocytes, see Fig. 2.2G) and/or RBC casts (see Fig. 2.1E and F) is the sine qua non of 
glomerulonephritis. The presence of no more than two to five WBCs/hpf is considered normal. WBCs 
(see Fig. 2.2D) in the urine (pyuria) may be indicative of a UTI. If the urine culture is negative (i.e., 
sterile pyuria), this could indicate either an infection that is not easily cultured or noninfectious causes 
such as urinary tract stones, interstitial nephritis, or acute glomerulonephritis. However, when associated 
with other cellular elements or debris, pyuria may have limited diagnostic value. See also Fig. 2.2.

Crystals: See Table 2.4 and Fig. 2.3.
Bacteria: Because of the abundance of normal microbial flora in the vagina and/or external 

urethral meatus, it is not uncommon to see bacteria in urine specimens. Similarly, if the urine  
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Table 2.3.  Casts

URINARY CASTS DISEASE ASSOCIATIONS

Hyaline May be nonspecific; seen in normal individuals or during severe  
intravascular volume depletion (after strenuous exercise or with diuretic 
use), first morning specimens, acidic and concentrated urine

Granular May be nonspecific, result from the breakdown of cellular casts
“Muddy-brown” heme-granular casts are seen in acute tubular  
necrosis

Waxy and broad Advanced kidney disease

Red blood cell Glomerulonephritis

White blood cell Urinary tract infections (pyelonephritis, cystitis), tubulointerstitial nephritis, 
renal tuberculosis

Fatty Nephrotic syndrome (“Maltese cross” appearance under polarized light)

A

B

C D

Figure 2.1. Casts. A, Two hyaline casts. B, Granular cast, signifying tubular injury. C, Huge waxy cast typical of severe 
kidney impairment. D, Aggregation of casts, *hyaline, **hyaline with granules, ***granular, ****waxy.

Continued
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E F G

H I J

Figure 2.1. cont’d E, Red blood cell (RBC) cast with densely packed erythrocytes. F, RBC cast with easily discernable 
erythrocytes. G, White blood cell cast. H and I, Fatty or lipid casts. J, Tubular epithelial cell cast, typically found in patients 
with acute kidney injury (AKI).

A

B

C

Figure 2.2. Cellular elements. A, Squamous epithelial cells. B, Urothelial cells. C, Tubular epithelial cells, suggesting 
acute tubular damage.
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DD E FF

H

GG I

Figure 2.2. cont’d D, Abundant white blood cells. E, Budding yeasts (center), surrounded by normal red blood cells 
(RBCs). F, Countless bacteria. G, Dysmorphic RBCs, hallmark of glomerulonephritis. H and I, So-called oval fat body, a 
macrophage (or tubular epithelial cell) filled with lipid droplets, usually found in higher grade proteinuria. Note typical 
“Maltese cross” appearance (*) of singular lipid droplets in polarized light (I).

Table 2.4. Crystals

URINARY CRYSTALS DESCRIPTION DISEASE ASSOCIATION

Calcium oxalate dihydrate Envelope shaped Ethylene glycol toxicity

Calcium oxalate monohydrate Dumbbell shaped Ethylene glycol toxicity

Uric acid Diamond or barrel shaped Hyperuricosuria

Triple phosphate (also called  
struvite) or magnesium  
ammonium phosphate

Coffin lid Urinary tract infection caused  
by urea-splitting organisms  
(Proteus, Klebsiella)

Cystine Hexagonal Cystinuria

Indinavir Flat rectangular plates, fan 
shaped, or starburst in  
appearance

Indinavir therapy
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A

B D

E FC

G I

H

Figure 2.3. Crystals. A, Calcium oxalate monohydrate (dumbbell shaped). B, Calcium oxalate dihydrate (envelope 
shaped). C, Calcium oxalate dihydrate (left) and monohydrate (right). Note intense birefringence of monohydrate crystal 
in polarized light (bottom). D–F, Uric acid crystals show remarkable morphological variability. They exhibit strong and 
oftentimes colorful birefringence in polarized light (F). G, Cystine crystals with classic hexagonal colorless plate. 
H and I, Triple phosphate crystals with typical coffin-lid appearance (I).
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specimen is left standing at room temperature for a considerable period, bacteria can multiply rapidly  
(see Fig. 2.2F). Therefore the identification of various microbial organisms (on Gram staining) in any 
urine specimen should be interpreted cautiously. (See Chapter 46 for discussion regarding asymptom-
atic bacteriuria.) The diagnosis of bacteriuria in those with suspected UTI should be followed by a 
urine culture. In general, the presence of more than 100,000 colony forming units (CFUs)/mL of a  
single organism reflects significant bacteriuria. The presence of multiple organisms usually reflects 
polymicrobial contamination. However, the presence of any organism obtained in a specimen via a 
catheter or suprapubic aspiration should be considered significant.

Yeasts: The presence of yeast cells (see Fig. 2.2E) usually represents contamination or can 
indicate a true infection. They are often difficult to distinguish from red cells and amorphous crystals 
but can be identified by their tendency to bud. Most often they are Candida, which may colonize the 
bladder, urethra, or vagina.

	 5.	 What	is	the	purple	urine	bag	syndrome	(PUBS)?
Initially described in medical literature in 1978, PUBS is a rare condition associated with alkaline urine 
and UTIs caused by sulfatase- and phosphatase-producing bacteria (Providencia, E. coli, Proteus, 
Pseudomonas, Klebsiella). It is commonly observed in institutionalized elderly females with chronic 
indwelling catheters, who are also constipated. The etiology remains unclear, although it is believed 
that indigo and indirubin pigments (which are metabolites of tryptophan) react with the synthetic  
material of the urinary catheter and bag and produce the purple urine.

Of interest, from a historical perspective, England’s “Mad” King George III was described by his 
physicians in 1812 to have a blue-tinged urine.

	 6.	 What	is	the	blue	diaper	syndrome?
This is another name for familial hypercalcemia with nephrocalcinosis and indicanuria, a rare,  
autosomal recessive disease caused by a metabolic defect in the reabsorption of tryptophan in the 
basolateral membrane of the proximal tubule. Bacterial degradation of tryptophan in the intestine 
leads to an excessive production of indole, thereby leading to indicanuria, which, during oxidation to 
indigo blue, causes a peculiar bluish discoloration of the urine. Symptoms generally involve the  
alimentary tract and include vision problems and fevers.

	 7.	 What	is	red	diaper	syndrome?
It is seen in infants and is caused by prodigiosin, which is a red pigment produced by many strains of 
the gram-negative bacillus Serratia marcescens.

	 8.	 What	is	black	urine	disease?
Also called alkaptonuria or homogentisuria, it is a rare, autosomal recessive condition, secondary  
to a defect in the enzyme homogentisate 1,2-dioxygenase, which is involved in the degradation of  
tyrosine. As a result, homogentisic acid is formed and excreted in the urine in excessive amounts.  
Excessive homogentisic acid causes ochronosis, pigmented sclerae, aortic and mitral regurgitation, 
and formation of kidney stones and prostatic stones. Of interest, most cases in the literature are in 
patients who are either from Slovakia or the Dominican Republic.

	 9.	 Does	the	odor	of	the	urine	have	any	diagnostic	significance?
The ammonia odor of normal urine is usually a result of bacterial (normal flora) breakdown of urea. 
The odor of urine is influenced by consumption of certain foods and medications. For instance,  
consumption of certain vegetables (commonly asparagus, Brussels sprouts) and certain curry spices 
(cumin, coriander, chili pepper) can cause a strong odor to urine.

	10.	 Is	red	urine	the	same	as	hematuria?
Gross hematuria is the presence of red or brown urine. The degree of discoloration has limited 
value because as little as 1 mL of blood per liter of urine can cause visible discoloration. In the  
initial evaluation of a patient with gross hematuria, it must be determined whether the urine  
discoloration is truly due to urinary tract bleeding. This can be difficult for patients who are  
menstruating or postpartum. Conditions in which the urine may appear red, in the absence of 
bleeding, include use of rifampin, phenothiazine, or phenazopyridine (analgesic) and dietary inges-
tion of beets in predisposed individuals. In these cases the urine dipstick will be negative for blood, 
and the microscopy will also not show any RBCs. It is also important to differentiate hematuria 
from other causes of red urine, such as hemoglobinuria (following intravascular hemolysis) and 
myoglobinuria (following acute rhabdomyolysis). In these cases the urine dipstick will be positive 
for blood, but the urine microscopy will not show many RBCs.
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	11.	 Can	there	be	hematuria	in	the	absence	of	red/brown	urine?
Yes, hematuria can be either gross or microscopic. Microscopic hematuria is defined as the presence 
of three or more RBCs/hpf in two of three urine samples. Often, it is detected incidentally by urine 
dipstick examination.

	12.	 What	should	be	your	approach	for	a	patient	with	hematuria?
Careful history taking is central in the evaluation of hematuria and provides diagnostic clues. For  
instance, the occurrence of concomitant flank pain with radiation to the ipsilateral testicle or labia 
suggests underlying urinary tract stones; burning on urination or dysuria may point to possible UTI; a 
recent bout of upper respiratory tract infection may suggest either postinfectious glomerulonephritis 
or IgA nephropathy. A family history of hematuria is also helpful, because certain diseases tend to run 
in families, such as polycystic kidney disease or sickle cell nephropathy. Likewise, thin basement 
membrane nephropathy (TBMN; also known as benign familial hematuria) occurs in families and is 
notable for having a benign course. Exercise-induced hematuria is a benign condition seen in  
adolescents who exercise vigorously (e.g., long-distance runners).

In elderly individuals (those older than age 50) the finding of gross or microscopic (even  
transient) hematuria should trigger an evaluation to rule out malignancy involving the genitourinary 
tract. The incidence of bladder cancer and other malignancies involving the kidneys and the ureters is 
significantly elevated, particularly in those with a history of smoking or analgesic use. Increased  
urgency and frequency with hematuria is suggestive of urinary tract obstruction secondary to either 
prostatic disease or cervical cancer.

Asymptomatic hyperuricosuria or hypercalciuria (spot urine calcium to urine creatinine ratio 
.0.20 mg/mg) can also cause hematuria. These are more common causes of microscopic hematuria 
in children, although they have also been reported in adults.

An important aspect of the evaluation of patients with hematuria is to differentiate glomerular from 
nonglomerular bleeding (Table 2.5). For those with glomerular bleeding, especially in the presence of 
other features such as proteinuria or progressive decline in kidney function, a percutaneous kidney  
biopsy may be necessary.

	13.	 What	is	the	“three	tube	test”	for	hematuria?
The three tube test (also called three container method) is performed to determine the location of 
bleeding in the urinary tract. Three consecutive samples of the urine stream are collected: the first 10 
to 15 mL, midstream 30 to 40 mL, and the last 5 to 10 mL. Hematuria (or predominance of RBCs on 
urine microscopy) primarily in the first sample (initial hematuria) is suggestive of an anterior urethral 

Table 2.5. Glomerular Versus Nonglomerular Bleeding

GLOMERULAR NONGLOMERULAR

Associated with:
Proteinuria .500 mg/day
Red blood cell (RBC) casts
Dysmorphic RBCs
Usually seen in acute
glomerulonephritis, thin basement 
membrane nephropathy (TBMN)

Associated with:
Proteinuria ,500 mg/day
Absent RBC casts
Absent dysmorphic RBCs
Renal Causes:
Tubulointerstitial nephritis
Polycystic kidney disease
Sickle cell disease or trait
Renovascular disease (atheroembolic renal disease, renal  
vein thrombosis, arteriovenous malformations, nutcracker  
syndrome)
Urologic Causes:
Tumors or malignancies
Stones
Infections (urethritis, prostatitis, cystitis, pyelonephritis)
Medications:
Chemotherapeutic agents (cyclophosphamide, ifosfamide,  
mitotane)
Anticoagulants
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source of bleeding, whereas hematuria primarily at the end of the urine stream (terminal hematuria) 
points to a lesion at the bladder trigone (bladder neck) or a posterior urethra. Hematuria in all three 
samples is seen in lesions that may be anywhere above the bladder neck (bladder, ureters, or  
kidneys).

	14.	 What	is	cyclic	hematuria?
Cyclic hematuria may be reported by women during menstruation where hematuria correlates with 
menstrual periods, suggesting the possibility of endometriosis involving the urinary tract. It is also 
seen with vesicouteral fistulae that usually arise as a complication of a previous cesarean section, 
Youssef syndrome.

	15.	 What	is	the	loin	pain	hematuria	syndrome	(LPHS)?
Considered a diagnosis of exclusion in patients with hematuria, LPHS is characterized by the  
presence of recurrent or persistent, severe, unilateral or bilateral flank pain accompanied by gross or 
microscopic hematuria. Commonly seen in young, white females, it has been associated with chronic 
pelvic pain and with TBMN.

	16.	 What	is	the	nutcracker	syndrome?
Nutcracker syndrome is also known as left kidney vein entrapment syndrome. It is believed to be  
secondary to compression of the left kidney vein as it passes through the angle between the abdomi-
nal aorta and the superior mesenteric artery. Common presentations include hematuria (resulting from 
varices within the kidney pelvis and ureter), left-sided varicocele, and left flank discomfort. Diagnosis 
is established by performing a left kidney venography or a magnetic resonance angiography. In cases 
of recurrent or persistent pain, surgical treatment is considered (e.g., endovascular stenting, kidney 
vein reimplantation, and gonadal vein embolization).

	17.	 What	is	the	significance	of	proteinuria?
Proteinuria usually implies that there is a defect in glomerular permeability. In general, proteinuria can 
be classified into persistent or transient. Among the causes of persistent proteinuria there are three 
types: (1) glomerular, (2) tubular, or (3) overflow.
• Glomerular proteinuria includes diabetic nephropathy and other common glomerular disorders. It is 

caused by increased filtration of albumin and other proteins across the glomerular capillary wall. 
Other causes of glomerular proteinuria have a rather benign course, such as orthostatic and  
exercise-induced proteinuria. These latter causes are usually transient and characterized by  
significantly less proteinuria, usually less than 1 g a day.

• Tubular proteinuria is due to tubulointerstitial disease. Patients have decreased ability for the  
proximal tubules to reabsorb proteins that are normally filtered by the glomerulus. The amount of 
proteinuria is typically small (,2 g/day). Unlike the large macromolecules lost with glomerular 
proteinuria (albuminuria), in tubular proteinuria it is mostly low-molecular-weight proteins, such as 
b2-microglobulin, that are lost in the urine. These will test negative by urinary dipstick.

• Overflow proteinuria (also called overproduction proteinuria) is exemplified by multiple myeloma, in 
which there is an overabundance of Ig light chains in circulation secondary to overproduction. 
These excess Igs get filtered by the glomerulus and exceed the tubular capacity for reabsorption, 
resulting in proteins appearing in the urine.

Although both glomerular and tubular proteinuria are secondary to abnormalities involving the 
glomerular capillary and tubular walls, respectively, in overflow proteinuria, the problem lies in  
overproduction of certain proteins.

Quantification of proteinuria is best accomplished by performing a 24-hour urine collection. 
However, this can be cumbersome, especially in the elderly, children, or those with urinary inconti-
nence. The urine protein to urine creatinine ratio (urine PCR), using a random urine specimen, has 
good correlation with the 24-hour urine protein determination. The 24-hour urine protein in grams is 
approximately equivalent to the urine PCR in g/g (for SI units, multiply PCR in g/mmol by approxi-
mately 9 to estimate g/day). See Question 18 for more details.

In transient proteinuria conditions, there is a transient change in glomerular hemodynamics, 
causing increased excretion of urinary protein. These are usually benign and self-limited. Examples 
include congestive heart failure, fevers, strenuous exercise, seizure disorders, and even extremes of 
stress. Orthostatic proteinuria (see Question 17) falls under this category.

	18.	 What	is	the	significance	of	a	negative	urine	dipstick	for	protein	along	with	an	elevated	urine	PCR?
The urine dipstick reacts to albumin and not to other nonalbumin proteins. The most important condi-
tion that one can miss here is overflow proteinuria, due to Ig light chains (Bence Jones proteins) from 
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multiple myeloma. It may also be seen with tubular proteinuria. In these cases, there is a discrepancy 
between the urine albumin-to-creatinine ratio, which may be low or normal, and the urine PCR, which 
will be elevated.

	19.	 What	is	orthostatic	proteinuria?
Orthostatic or postural proteinuria, by definition, is demonstration of increased urine protein excretion 
in the upright position and normal urine protein excretion in the supine position. It is a benign  
condition, typically seen in adolescents, whose mechanism is not clearly understood. The diagnosis is 
established by performing a split urine collection. The protocol for a split urine collection is as follows: 
(1) The first morning void is discarded. (2) A 16-hour upright collection is obtained between 7 am and 
11 pm, with the patient performing normal activities and finishing the collection by voiding just before 
11 pm. (The times can be adjusted according to the normal sleep/wake times.) (3) The patient should 
assume the recumbent position 2 hours before the upright collection is finished to avoid contamination 
of the supine collection with urine formed when in the upright position. (4) A separate overnight 
8-hour collection is obtained between 11 pm and 7 am. Orthostatic proteinuria is diagnosed if the 
urinary protein excretion rate is normal for the nighttime collection (for children ,4 mg/m2 per hour 
and for adults ,50 mg over an 8-hour period) and the daytime collection exceeds the normal protein 
excretion rate.

Orthostatic proteinuria has a benign course and does not progress to end-stage kidney disease; 
in fact, proteinuria resolves spontaneously in the majority of affected patients.

	20.	 What	is	the	difference	between	a	24-hour	protein	excretion	and	a	PCR	on	a	random	urine		
sample?
The 24-hour urine protein excretion represents the reference (gold standard) method. It is used  
universally, averages the variation in proteinuria caused by circadian rhythm, and is the most  
accurate for monitoring proteinuria during treatment. However, it requires detailed instructions for 
urine collection and can be impractical in some circumstances (e.g., outpatient setting, infants,  
elderly, and incontinent patients). In practice, collection errors are common, compromising the  
accuracy of this “gold standard.”

The PCR on a random urine sample is the recommended alternative to the 24-hour urine  
collection. It is easy to obtain, is not influenced by variation in water intake, and is not subject to  
collection errors, and the same sample can be used for microscopic investigation.

A normal PCR is sufficient to rule out the presence of pathologic proteinuria (which  
decreases the number of unnecessary 24-hour urine collections). Hence a random urine PCR 
serves as a useful screening tool. In general, the 24-hour urine protein in grams is approximately 
equivalent to the urine PCR in g/g (for SI units, multiply PCR in g/mmol by ~9 to estimate g/day). 
However, the correlation between the random PCR and a 24-hour collection is poorer at higher 
levels of proteinuria (.1g/L or .0.1 g/dL), and in such cases confirmation by a 24-hour 
collection should be considered. The validity of a random PCR in following response to treatment 
in patients with glomerular disorders is also unproven. In these settings, for intraindividual  
comparison of trends over time (e.g., for assessment of progression or response to treatment),  
it is important to use the same measure, either PCR or 24-hour collection, rather than use them 
interchangeably.

 1. Normal urine color can vary from pale or light yellow to deep amber or dark yellow and is the result 
of the presence of a pigment called urochrome.

 2. Urinary dipsticks detect only the presence of albumin; however, they are notorious for being poor 
indicators of the presence of nonalbumin proteins, especially light chains.

 3. The presence of ketones in the urine is abnormal.
 4. Careful history taking is important in the evaluation of hematuria.
 5. The urine protein-to-creatinine (using a random urine specimen) ratio has been shown to have a 

good correlation with the 24-hour urine protein determination.

KEY POINTS
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	 1.	 What	is	the	glomerular	filtration	rate	(GFR)?
The production of urine and the removal of waste products by the kidneys begin by filtering blood across 
the glomerular membrane. Blood enters the glomerulus and then can exit either through the efferent  
arteriole or by becoming filtrate by passing through the glomerular membrane into Bowman space and 
the tubules of the nephron. The GFR quantifies how fast fluid is crossing the glomerular membrane.

	 2.	 What	is	the	difference	between	single	nephron	GFR	and	total	GFR?
Single nephron glomerular filtration rate (SNGFR), an experimentally derived value typically performed in 
animal models, refers to the filtration of a single nephron. SNGFR can be affected by hemodynamic alter-
ations or structural damage. As part of the adaptation of the kidney to injury, uninjured nephrons undergo 
hypertrophy and hyperfiltration to compensate for the loss of functioning nephrons (compensatory hyper-
filtration). Thus the total GFR that is measured or estimated) might remain relatively normal despite a  
decrease in functioning nephrons (see questions 5 and 8 for how to measure or estimate GFR). As such, 
the GFR is dependent on the number of nephrons (N) and the SNGFR, as described as follows:

GFR 5 N 3 SNGFR

A change in measured or estimated GFR could reflect either a change in nephron number or SNGFR.

	 3.	 What	is	the	clinical	significance	of	the	GFR?
The GFR is the generally accepted, best index of kidney function. Chronic kidney disease (CKD) is defined 
as GFR less than 60 mL/min per 1.73 m2 as well as markers of kidney damage. In the United States the 
most common marker of kidney damage is urine albumin. Other markers are kidney cysts or pathologic 
changes in the kidney, for example. The severity of CKD is also determined by the level of GFR (Table 3.1).

Decreases in GFR are associated with increasing symptoms and metabolic abnormalities. These 
abnormalities include anemia, acidosis, malnutrition, and bone and mineral disorders. In addition, 
medications that are metabolized or excreted by the kidney need to be dose adjusted (or avoided 

Table 3.1. The Six Stages of Chronic Kidney Disease Use GFR to DefineSeveritya

aOnce the GFR falls below 60 mL/min the GFR alone is enough to define CKD. in the most recent KDIGO 
guidelines, CKD stages have been replaced with GFR categories, albuminuria categories, and assessment of 
the etiology of CKD.

CKD, Chronic kidney disease; GFR, glomerular filtration rate

CKD STAGE DEFINITION DESCRIPTION

1 GFR $ 90 mL/min per 1.73 m2 with 
other signs of kidney disease (usually 
an abnormal ultrasound or urinalysis)

Normal or high GFR

2 Slightly decreased GFR (60–89 mL/min 
per 1.73 m2 with other signs of kidney 
disease

Mildly decreased GFR

3a GFR of 45–59 mL/min per 1.73 m2 Mildly to moderately decreased GFR

3b GFR of 30–44 mL/min per 1.73 m2 Moderately to severely decreased GFR

4 GFR 15–29 mL/min per 1.73 m2 Severely decreased GFR

5 GFR , 15 mL/min per 1.73 m2 Kidney failure
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completely) in patients with decreased GFR. Even drugs that are not excreted by the kidneys can  
have altered pharmacodynamics and pharmacokinetics in the presence of decreased GFR. Most  
importantly, a GFR less than 60 mL/min per 1.73 m2 is associated with complications of CKD, 
including risk for kidney failure and increased total and cardiovascular disease mortality. For these 
reasons the GFR is the single number that best expresses kidney function.

	 4.	 What	are	normal	values	for	GFR	in	adults?
Normal GFR varies according to age, sex, and body size; in young adults, it is approximately 120 to 
130 mL/min per 1.73 m2 and declines with age.

	 5.	 How	is	GFR	measured?
GFR is measured as the clearance of an ideal filtration marker. Clearance refers to the amount of 
plasma that is completely cleared of a substance over a set amount of time. For example, if a person 
has substance X in his blood at a concentration of 2 g X per liter and he excretes 1 g of X in the urine, 
he will have theoretically removed all the X from half a liter of blood. If the person took 1 day to  
produce enough urine to get rid of 1 g of X, then his clearance will be 0.5 L (of plasma cleared of X) 
per day. The equation for calculating clearance is as follows:

Cl
Ur V

PX
X

X

�
�

where Clx is the clearance of substance x, Urx is the urine concentration of X, and V is the urine flow rate.
Plasma clearance is an alternative to urinary clearance for measurement of GFR. Plasma  

clearance is performed by measurement timed plasma levels following a bolus intravenous injection 
of an exogenous filtration marker computed from the following:

Clx 5 Ax/Px

where Ax is the amount of the marker administered and Px is the plasma concentration computed 
from the entire area under the disappearance curve.

An ideal filtration marker is one that is freely filtered at the glomerulus but not reabsorbed,  
secreted, or metabolized by the kidney. Clearance of an ideal filtration marker can therefore be  
used to measure GFR. Inulin is the ideal filtration marker. Inulin is freely filtered by the glomerulus  
but is neither secreted nor reabsorbed by the tubules. However, inulin is rarely used, and alterative 
markers include iohexol and iothalamate and are more commonly used. In addition to exogenous  
substances, endogenous molecules that are filtered by the glomerulus can be measured to assess 
GFR. In particular, creatinine clearance assessed using timed urine collections is often used to  
estimate GFR.

	 6.	 Why	are	units	of	GFR	in	milliliters/minute	per	1.73	m2?
The clearance of substances is computed in units of milliliters/minutes. However, because kidney size 
(and therefore amount that can be cleared) varies by a person’s body size, to determine whether a 
person has normal GFR, the clearance in units of mL/min is then adjusted for normal body surface 
area (BSA) by multiplying by 1.73 and dividing by the individual’s BSA.

	 7.	 How	is	measured	creatinine	clearance	calculated?
Creatinine clearance is calculated using timed urine collection. The time is often 24 hours but can be 
as short as 4 or 6 hours. The clearance formula and an example is as follows.

A.

B.

Cl
Ur V

P

Cl
90mg / dL

cr
cr

cr

cr

�
�

�
�

�

2000ml / 24 hr

2.3mg / dL 1,440min / 24 hr

C. Cl
90 mg / dL 2000ml / 24 hr

2.3 mg / d
cr

�
�

LL 1,440min / 24 hr
54.3ml min

�
�

where A is the generic clearance formula. B substitutes some typical values. C. Shows that the
units all cancel out except mL/min.
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Note: to convert the 24-hour measurement to the conventional units of mL/min, one needs to
convert 24 hours to minutes, by dividing by the number of minutes in a day, 1440. All the units cancel
each other out except mL/min.

	 8.	 What	are	limitations	to	use	of	measured	creatinine	clearance?
Several problems can compromise the utility of creatinine clearance. Firstly, accurate measure-
ments of creatinine clearance require complete and carefully timed urine collections; inadequate
urine collections yield spurious results. Secondly, because creatinine is secreted by the kidney
tubules, the creatinine clearance systematically overestimates GFR. Between 10% and 20% of
urinary creatinine is secreted rather than filtered, so the creatinine clearance will overestimate the
GFR by a similar percentage. Cimetidine, the over-the-counter H2-blocker, competitively inhibits
creatinine secretion. Thus a 24-hour urine creatinine clearance while a patient is on cimetidine
is theoretically closer to the actual GFR. However, there the extent to which cimetidine blocks
secretion occurs variable among individuals. Drugs that block creatinine secretion will also cause a
slight elevation in serum creatinine that does not reflect a change in GFR, just a loss of tubular
creatinine secretion.

Drugs that block creatinine secretion in the proximal tubule
• Cimetidine
• Trimethoprim
• Ranolazone
• Pyrimethamine
• Dronedarone
• Tenofovir

	 9.	 How	is	GFR	estimated	in	routine	clinical	practice?
GFR is usually estimated using the serum creatinine and an estimating equation. Serum creatinine is
the most common endogenous filtration marker. Endogenous filtration markers are markers produced
by the body but are filtered by the glomerulus. All endogenous filtration markers are not perfect
filtration markers in that there are non-GFR determinants of their levels in the blood, in particular,
variation in generation (i.e., production) among people, secretion, or reabsorption by the tubule or
extrarenal elimination.

Estimating equations combine endogenous filtration marker(s), such as creatinine and cystatin C,
with other variables, such as age, sex, race, and body size, as surrogates for non-GFR determinants of
the filtration markers, and therefore can overcome some of the limitations of the filtration marker alone.
An estimating equation is derived using regression techniques to model the observed relationship
between the serum level of the marker and measured GFR in a study population.

	10.	 What	is	the	most	accurate	creatinine-based	estimating	equations?
Kidney Disease International Global Outcomes (KDIGO) Guideline on Chronic Kidney Disease
currently recommends using the Chronic Kidney Disease Epidemiology (CKD-EPI) 2009 creatinine
equation:

eGFR 5 141 3 min(SCr/x,1)a 3 max(SCr/x,1)21.209 3 0.993age 3 1.018 (if female) 3 1.519 (if black)

where x is 0.7 for females and 0.9 for males
where a is 0.329 for females and 0.411 for males
where min indicates the minimum of SCr/x or 1
where max indicates the maximum of SCr/x or 1
Several online calculators are also available that can easily compute estimated GFR (eGFR)

values from creatinine (http://ckdepi.org/equations/gfr-calculator/). The CKD-EPI equation estimates
GFR from serum creatinine, age, sex, and race. It was developed in a cohort of 8254 subjects pooled
together from 10 research studies and clinical populations with diverse characteristics, including
people with and without kidney diseases, and across a range of GFRs (2 to 198 mL/min per 1.73 m2)
and ages (18 to 97 years). The equation was validated in a separate cohort of 3896 people from 16
separate studies, GFR range (2 to 200 mL/min per 1.73 m2) and age range (18 to 93 years).

	11.	 What	are	the	major	limitations	of	serum	creatinine	as	a	clinical	index	of	kidney	disease?
Creatinine is generated from the breakdown of creatine in muscle, distributed throughout total body
water, and excreted by the kidneys primarily by glomerular filtration. Although the serum level is
affected primarily by the level of GFR, it is also affected by other physiologic processes, such as
tubular secretion, generation, and extrarenal excretion of creatinine. Table 3.2 lists the factors that
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limit use of creatinine as estimated GFR. Due to variation in these processes among individuals and 
over time within individuals, especially creatinine generation, the cutoff for normal versus abnormal 
serum creatinine concentration differs among groups. In addition, assays for serum creatinine vary 
across clinical laboratories, leading to differences in GFR estimates for the same patient when creati-
nine is measured in different labs.

	12.	 What	is	cystatin	C?
Cystatin C is an alternative endogenous filtration marker to creatinine. It is a 13-kDa protein produced 
by all nucleated cells. It is freely filtered by the glomerulus and then catabolized by the proximal  
tubule cells but does undergo extrarenal elimination (see Table 3.2). Because cystatin C is filtered and 
destroyed, only small amounts of cystatin C are excreted in the urine and its urinary clearance cannot 
be measured. Although the generation of cystatin C is less variable and less affected by age and sex 
than serum creatinine, it is now recognized that there are non-GFR determinants of cystatin C (listed 
in Table 3.2). Several studies have shown that eGFRcys is more strongly associated with long term 
adverse events such as death and cardiovascular disease (Fig. 3.1). It is possible that this stronger 
association is due to the presence of these nonGFR determinants.

	13.	 What	are	the	estimating	equations	that	use	cystatin	C?
The serum level of cystatin C can be used to estimate GFR (CKD-EPI 2012 Cystatin C equation):

eGFR 5 133 3 min(SCysC/0.8,1)20.499 3 max(SCysC/0.8,1)21.328 3 0.996Age 3 0.932 [if female]

Table 3.2.  Factors That Limit Use of Estimated Glomerular Filtration Rate 
from Creatinine and Cystatin C

CREATININE CYSTATIN C

Factors affecting  
generation

Decreased eGFR from:
• large muscle mass
• high-protein diet
• ingestion of cooked meat
• creatine supplements
Increased eGFR by:
• small muscle mass
• amputation
• muscle wasting diseases

Decreased eGFR in hyperthyroidism
Increased eGFR in:
• hypothyroidism
• obesity
• glucocorticoid use
• inflammation (higher CRP, lower 

serum albumin, higher WBC)
• smoking
Older age
Male gender
Elevated urine protein
Malignancies

Factors affecting  
tubular reabsorp-
tion and secretion

Decreased eGFR by drug-induced  
inhibition of secretion (See list in  
the text)

Not known

Factors affecting  
extrarenal  
elimination

Decreased eGFR by inhibition of gut 
creatininase by antibiotics.
Increased eGFR by:
• dialysis
• large losses of extracellular fluid (e.g., 

drainage of pleural fluid or ascites)

Increased eGFR by large losses of  
extracellular fluid (e.g., drainage of 
pleural fluid or ascites)

Interference with  
assays

Spectral interferences
• bilirubin
• some drugs
Chemical interference
• glucose
• ketones
• bilirubin
• some drugs

Not known

CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; WBC, white blood cell.
Sources of Error in Interpretation of Estimated GFR from creatinine and cystatin C.
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where SCysC is serum cystatin C
min indicates the minimum of SCysC/0.8 or 1
max indicates the maximum of SCysC/0.8 or 1
Cystatin C is less influenced than creatinine by race, so GFR estimates based on cystatin C  

alone (eGFRcys) include only age and sex, and not race. This allows GFR to be estimated without 
specification of race. This can be quite helpful in mixed-race populations. However, eGFRcys is not 
more accurate than creatinine-based estimating equations (eGFRcr); rather, it is the combination of 
the two markers (eGFRcr-cys) that results in the most accurate eGFR.

The CKD-EPI 2012 creatinine-cystatin and cystatin C equations were developed using cystatin C 
measured using assays traceable to the international reference standard in a large database of  
subjects with diverse characteristics. KDIGO recommends using the CKD-EPI cystatin 2012 and  
creatinine-cystatin 2012 estimating equations:

eGFR 5 135 3 min(SCr/x,1)a 3 max(SCr/x,1)20.601 3 min(SCysC/0.8,1)20.375 3 
max(SCysC/0.8,1)20.711 3 0.995Age 3 0.969 [if female] 3 1.08 [if black]

where SCr is serum creatinine
SCysC is serum cystatin C

Figure 3.1. Relationship of eGFR With Mortality. HRs and 95% Cis for all-cause (A) and cardiovascular mortality 
(B) according to spline eGFR. HRs and 95% Cis (shaded areas) are adjusted for ACR, age, sex, ethnic origin, history of 
CVD, systolic BP, diabetes, smoking, and total cholesterol. The reference (diamond) was eGFR 95 mL/min per 1.73 m2 and 
ACR 5 mg/g (0.6 mg/mmol), respectively. Circles represent statistically significant, and triangles represent not significant. 
ACR, Albumin-to-creatine ratio; BP, blood pressure; CI, confidence interval; CVD, cardiovascular disease; eGFR, estimated 
glomerular filtration rate; HR, hazard ratio. (Reprinted with permission from Elsevier. Matshushita, K., van de Celde, M., 
Astor, B.C., et al. (2010). Association of estimated glomerular filtration rate and albuminuria with all-cause and cardiovas-
cular mortality in general population cohorts: a collaborative meta-analysis, Lancet, vol 375, p 2073–2081.)
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x is 0.7 for females and 0.9 for males
a is 20.248 for females and 20.207 for males
min(SCr/k,1) indicates the minimum of SCr/k or 1
max (SCr/k,1) indicates the maximum of SCr/k or 1
min(SCysC/0.8,1) indicates the minimum of SCysC/0.8 or 1
max(SCysC/0.8,1) indicates the maximum of SCysC/0.8 or 1

All eGFR equations are available online at http://ckdepi.org/equations/gfr-calculator/.

	14.	 How	should	creatinine	and	cystatin	C	be	used	together?
The KDIGO CKD 2013 guidelines recommended using eGFRcr as an initial test, followed by a confir-
matory test for situations in which eGFRcr is thought to be inaccurate (Box 3.1). Confirmation of the 
level of GFR may also be appropriate for clinical decisions regarding medications toxicity, initiation of 
dialysis, or candidacy for kidney donation. Confirmatory tests could include eGFRcr-cys or eGFRcys or 
a clearance measurement using either an exogenous filtration marker or a timed urine collection for 
creatinine clearance. In general, eGFRcr-cys is more accurate than eGFRcys and should be used as 
the confirmatory test. However, in certain populations (e.g., patients with neuromuscular diseases, 
limb amputation, eating disorders), eGFRcys has been hypothesized to be more accurate than eGFRcr. 
In states of pregnancy or rapidly changing kidney function, estimated GFR from cystatin C cannot be 
used and clearance measurements would be required.

	15.	 What	are	other	creatinine-based	GFR	estimating	equations?
Prior to the CKD-EPI equation, there were two main creatinine equations in use: the Cockcroft-Gault 
and the Modification of Diet in Renal Diseases (MDRD) Study equation.

The Cockcroft-Gault formula was developed in 1973 using data from 249 hospitalized, veteran 
men. The multiplier of 0.85 for females was not based on any empiric data because the initial cohort 
was all men, and was suggested by the author as a reasonable decrease in creatinine generation in 
women compared with men. The Cockcroft-Gault formula estimates creatinine clearance rather than 
GFR, so it systematically overestimates GFR because of creatinine secretion. It was derived prior  
to creatinine standardization, which has led to lower serum values, hence it also systematically  
overestimates creatinine clearance. In addition, inclusion of a term for weight in the numerator leads 
to systematic overestimation of creatinine clearance in patients who are edematous or obese and  
underestimation in those who are thin or frail, and because of the form of the function of age, it  
systematically underestimates creatinine clearance in the elderly. The Cockcroft-Gault formula is less 
accurate than newer equations and should no longer be used.

The four-variable MDRD Study equation was developed in 1999 using data from 1628 patients 
with CKD with GFR from approximately 5 to 90 mL/min per 1.73 m2. It estimates GFR adjusted for 
BSA. The equation was reexpressed in 2005 for use with a standardized serum creatinine assay  
(the four-variable MDRD Study equation):

eGFR 175.6 SCr Age 1.2121.154 0.203� � � � � � [black] 0.742[female]� 

The CKD-EPI equation was as accurate as the MDRD Study equation in the subgroup with estimated 
GFR less than 60 mL/min per 1.73 m2 and substantially more accurate in the subgroup with estimated GFR 
greater than 60 mL/min per 1.73 m2. Thus the MDRD Study equation is no longer recommended.

More recently, other creatinine-based equations have been developed in white Europeans—the 
Berlin Initiative Study and the CAPA (Caucasian, Asian, pediatric, and adult) equation—and both have 
been shown to be equivalent to CKD-EPI in elderly whites and more biased in blacks.

Box 3.1. Lists the Indications for an
eGFRcrcys or Clearance Measurement
Because eGFRcr May Be Inaccurate

Extremes of age and body size
Severe malnutrition or obesity
Disease of skeletal muscle
Paraplegia or quadriplegia
Vegetarian diet

eGFRcrcys, Estimated GFR from creatinine and cystatin; eGFRcr, estimated
GFR from creatniine.
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Several modifications to the MDRD or CKD-EPI equations have been developed for use in regions 
outside of North America, Europe, and Australia.

	16.	 Can	measurements	of	blood	urea	nitrogen	(BUN)	serve	as	an	index	of	GFR?
BUN is not a reliable index of GFR. The kidney tubules reabsorb urea in quantities that vary depending 
on the state of hydration, thus rendering BUN an inaccurate marker for GFR. BUN concentration is also 
strongly affected by changes in catabolism and protein intake. Because urea is reabsorbed in the 
proximal tubule, urea clearance underestimates GFR. Some people advocate using the mean of the 
creatinine clearance (overestimates GFR due to tubular secretion of creatinine) and urea clearance 
(underestimates GFR due to tubular reabsorption) to get a better estimate of GFR.

	17.	 How	should	GFR	be	assessed	for	drug	dosing?
In its guidance to industry, the Food and Drug Administration (FDA) states that the method for assess-
ment of kidney function that is most widely used in clinical practice ought to be the method used for 
adjustment of drug dosages. At the time, the Cockcroft-Gault equation was widely used, and the FDA 
provided this equation as an example of an estimate that could be used. Since then, more accurate 
equations are now available and widely reported (i.e., CKD-EPI equation and MDRD Study equation). 
The KDIGO 2011 clinical update on drug dosing in patients with acute and chronic kidney diseases 
recommended using the most accurate method for GFR evaluation for each patient rather than limit-
ing the evaluation to the Cockcroft-Gault formula. Because larger people have larger kidneys which 
are able to clear more drug compared with smaller people, it is recommended to express GFR as  
mL/min, without indexing for BSA, for dosing adjustment based on GFR. Converting eGFR from  
mL/min per 1.73 m2 to mL/min requires multiplication by BSA/1.73 m2.

	18.	 Can	estimated	GFR	be	used	in	patients	with	rapidly	changing	kidney	function?
GFR-estimating equation assumes that GFR is in steady state. In acute kidney injury, GFR is not in 
steady state, and the endogenous filtration markers serum creatinine and cystatin C will rise more 
slowly than the change in GFR. In patients with rapidly changing kidney function, the rate and direc-
tion of change in the filtration marker reflects the magnitude and direction of the change in GFR.
• If the creatinine is increasing, the eGFR will overestimate the GFR.
• If the creatinine is decreasing, the eGFR will underestimate the GFR.

A kinetic equation for change in GFR was developed, which allows one to estimate the GFR by 
using the rate of change in eGFR and an assumed creatinine generation rate.

	19.	 How	do	we	estimate	GFR	in	pediatrics?
KDIGO recommends using an eGFR equation that incorporates height. Schwartz et al. produced an  
updated formula that does this. The data were from 349 children with CKD. GFR was measured using 
iohexol clearance (updated Schwartz formula):

eGFR 39.1(height SCr) (1.8 cystatin0.516� � C) (30 BUN) 1.099(male) (hei0.294 0.169� � � gght 1.4)0.188

where eGFR is mL/min per 1.73 m2. Height is in meters. SCr is in mg/dL. Cystatin C is in mg/L. BUN 
is in mg/dL.

All eGFR equations are available at https://www.kidney.org/professionals/KDOQI/gfr_calculatorPed.

 1. The GFR is the generally accepted, best index of kidney function. CKD is defined as a GFR less than 
60 mL/min per 1.73 m2, as well as markers of kidney damage. In the United States the most 
common marker of kidney damage is urine albumin. The level of GFR is associated with metabolic 
complications of CKD, risk of death, risk of progression of CKD, and cardiovascular disease.

 2. Normal GFR varies according to age, sex, and body size; in young adults, it is approximately 120 to 
130 mL/min per 1.73 m2 and declines with age.

 3. The most common method used to assess GFR is serum creatinine combined with an estimating 
equation. The equation includes other variables, such as age, sex, race, and body size, as  
surrogates for non-GFR determinants of creatinine. The CKD-EPI equation is currently the most  
accurate way to estimate GFR from serum creatinine.

 4. The two important limitations of serum creatinine are its generation from muscle mass and its 
presence in diet. Cystatin C is an alternative filtration marker that appears not to be generated  

KEY POINTS
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by muscle mass. The CKD-EPI creatinine-cystatin 2012 equation provides the most precise  
estimate of GFR.

 5. Online calculators are available that easily allow eGFR to be computed.
 6. KDIGO recommends that eGFRcr be used as an initial test with confirmatory tests used if eGFRcr is 

suspected to be inaccurate or for important clinical decisions.
 7. For patients with rapidly changing kidney function, the estimated GFR is inaccurate. The equation 

depends on a stable creatinine. If the creatinine is increasing, the eGFR will overestimate the GFR. 
In contrast, if the creatinine is decreasing, the eGFR will underestimate the true GFR.
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	 1.	 List	the	most	commonly	used	imaging	modalities	for	the	kidneys.
•	 Radiography	(plain	film,	excretory	urography	[EU],	retrograde	pyelography,	cystography)
•	 Ultrasonography	(US)
•	 Computed	tomography	(CT)	scan
•	 Magnetic	resonance	imaging	(MRI)	and	magnetic	resonance	angiography	(MRA)
•	 Radionuclide	imaging
•	 Kidney	angiography

	 2.	 Describe	the	information	that	can	be	provided	about	the	urinary	tract	on	the	plain	abdominal
radiograph.
The	plain	abdominal	radiograph,	also	called	kidneys,	ureters,	bladder,	can	show	the	following:
•	 Calcifications:	kidney	calculus,	calcified	neoplasm,	sloughed	papilla,	medullary	or	cortical	nephro-

calcinosis,	ureteric	or	bladder	calculus/tumor
•	 Air:	air	within	or	adjacent	to	the	kidneys	from	severe	infection
•	 Soft	tissue	changes:	obliteration	of	the	psoas	or	kidney	outline	may	indicate	inflammation	or	tumor
•	 Bone:	changes	of	renal	osteodystrophy	and	either	lytic	or	blastic	metastasis

	 3.	 What	is	the	current	role	of	excretory	urography	(EU)?
•	 EU	is	also	known	as	an	intravenous	pyelogram
•	 The	EU	used	to	be	the	initial	modality	for	upper	tract	imaging	in	patients	with	hematuria,	flank

pain,	and	other	urologic	disease
•	 Now	replaced	by	ultrasound,	CT	urography,	and	MR	urography	in	most	medical	centers
•	 Less	sensitive	than	US,	CT,	or	MRI	for	detecting	kidney	masses
•	 EU	does	not	allow	reliable	differentiation	of	solid	masses	from	cysts

	 4.	 What	is	retrograde	pyelography?
The	injection	of	contrast	material	directly	into	the	distal	ureter	or	the	ureteral	orifice	of	the	bladder
for	visualization	of	the	collecting	system	and	ureter,	without	relying	on	the	ability	of	the	kidneys	to
excrete	contrast	media.	The	primary	use	of	retrograde	pyelography	is	to	evaluate	suspected	ureteral
obstruction	or	ureteral	urothelial	cancer	in	a	patient	whose	ability	to	excrete	contrast	material	is
significantly	impaired.

This	is	an	adjunctive	technique	when	conventional	imaging	studies	fail	to	adequately	demon-
strate	the	suspected	pathology.	Retrograde	pyelography	does	not	evaluate	the	kidney	parenchyma
and	requires	cystoscopy	to	place	the	catheters.	This	procedure	is	usually	performed	by	a	urologist.

An	alternative	to	the	retrograde	pyelography	is	antegrade	pyelography,	usually	performed	by
an	interventional	radiologist.	A	percutaneous	needle	is	placed	into	the	kidney	collecting	system,	and
contrast	is	injected.

	 5.	 What	are	the	components	of	a	CT	urogram?
Comprehensive	upper	tract	imaging	includes	the	following:
•	 Unenhanced	axial	CT	of	the	kidneys—detection	of	calcification	and	baseline	density	measurement

to	determine	enhancement	of	masses
•	 Enhanced	CT	of	the	abdomen	and	pelvis	with	corticomedullary	phase	(early	enhancement	of	the

cortical	tissue)	and	nephrographic	phase	(delayed	imaging	to	view	opacification	of	the	medullary
pyramids	before	calyceal	excretion)	for	detection	of	enhancement	of	kidney	masses

•	 Excretory	phase	imaging	of	the	abdomen	and	pelvis	obtained	with	delayed	imaging	once	contrast
is	in	the	collecting	system	essential	for	assessing	subtle	urothelial	abnormalities	including	urothe-
lial	tumors;	papillary	necrosis;	calyceal	deformity;	ureteral	stricture;	and	inflammatory	changes	of
the	kidney	collecting	systems,	ureters,	and	bladder

•	 CT	images	may	be	reviewed	as	two-dimensional	and	three-dimensional	reformatted	images
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	 6.	 What	is	the	diagnostic	utility	of	ultrasound?
•	 Estimating	kidney	size
•	 Assessing	the	echogenicity	of	the	kidney	(increased	echogenicity	may	indicate	chronic	kidney	disease	

but	is	nonspecific)
•	 Preferred	screening	modality	for	suspected	obstruction	because	it	is	very	sensitive	to	dilatation	of	

the	collecting	system,	such	as	from	obstruction	in	kidney	failure,	pelvic	neoplasm,	in	kidney	trans-
plant,	and	in	acute	urinary	tract	infection	with	pyonephrosis

•	 Complete	ureteral	obstruction	can	be	excluded	by	documenting	the	presence	of	a	ureteral	jet	(color	
flow	seen	on	Doppler	ultrasound	as	urine	passes	into	the	bladder	from	the	ureteral	orifice)

•	 Can	detect	kidney	calculi	as	echogenic	foci	with	shadowing
•	 Can	differentiate	solid	from	cystic	mass
•	 Diagnosing	adult	polycystic	kidney	disease	and	screening	involved	families
•	 Guiding	interventional	procedures	such	as	kidney	biopsy	and	cyst	aspiration
•	 Detecting	perinephric	fluid	collections
•	 Evaluating	kidney	transplant	allograft

	 7.	 What	is	the	diagnostic	utility	of	ultrasound	in	the	evaluation	of	a	kidney	transplant?
•	 Evaluating	parenchymal	echogenicity	and	masses
•	 Detecting	perinephric	fluid	collections	(seroma,	hematoma,	urinoma,	lymphocele)
•	 Looking	for	hydronephrosis
•	 Diagnosing	ureteral	obstruction/stenosis
•	 Using	Doppler	to	look	for	vascular	compromise/complications
•	 Used	to	guide	for	biopsies,	aspiration,	and	drainage
•	 Using	resistive	index	to	look	for	rejection.

	 8.	 List	the	strengths	of	US	in	the	evaluation	of	kidney	disease.
•	 Sensitive	for	detection	of	perirenal	fluid	collections,	pelvicalyceal	dilatation,	and	cysts
•	 Differentiates	cortex	and	medulla
•	 Differentiates	cystic	and	solid	masses
•	 Shows	the	kidney	contour	and	perinephric	space
•	 Demonstrates	kidney	blood	flow	by	Doppler	technique
•	 Provides	good	kidney	imaging	irrespective	of	kidney	function;	may	be	used	in	patients	with	elevated	

serum	creatinine
•	 Can	evaluate	resistive	indices	to	monitor	chronic	kidney	disease	and	kidney	transplants
•	 Can	be	used	portably	at	the	bedside	in	the	intensive	care	unit
•	 Safe:	no	ionizing	radiation	or	nephrotoxic	contrast	medium
•	 Low	cost

	 9.	 List	the	weaknesses	of	US	in	the	evaluation	of	kidney	disease.
•	 Does	not	show	fine	pelvicalyceal	detail
•	 Does	not	show	the	entire	normal	ureter,	although	it	may	occasionally	see	proximal	or	distal	ureters
•	 Sometimes	there	is	a	limited	acoustic	window	for	seeing	kidneys,	especially	on	the	left
•	 Does	not	show	the	entire	retroperitoneum
•	 Can	miss	small	kidney	calculi	and	most	ureteral	calculi
•	 Gives	no	functional	information
•	 Operator	dependent

	10.	 When	is	CT	scan	superior	to	ultrasound	for	evaluation	of	kidney	disease?
•	 For	evaluation	of	an	indeterminate	mass	on	US	or	a	solid	mass	when	neoplasm	is	suspected
•	 CT	can	define	the	extent	of	a	neoplasm,	evaluate	for	lymph	node	involvement,	give	a	more		

comprehensive	view	of	the	perirenal,	pararenal	spaces,	and	Gerota	fascia,	evaluate	vasculature		
(renal	vein/inferior	vena	cava	involvement),	and	stage	neoplasms.

•	 CT	is	the	imaging	method	of	choice	in	the	evaluation	of	suspected	kidney	trauma.
•	 CT	provides	information	on	the	retroperitoneum	and	adrenal	glands.
•	 Complications	of	obstruction,	such	as	infection,	calyceal	rupture,	and	kidney	cortical	atrophy,	are	readily	seen.

	11.	 What	is	the	Bosniak	classification?
In	1986	Bosniak	proposed	a	classification	to	characterize	cystic	kidney	masses	detected	by	CT	scan	
as	“nonsurgical”	(i.e.,	benign)	or	“surgical”	(i.e.,	requiring	surgery).	In	his	original	classification,	there	
were	four	categories:
•	 Category	I:	simple	benign	cysts	(fluid-filled,	no	perceptible	wall)
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•	 Category	II:	benign	cystic	lesions	that	are	minimally	complicated	(mural	calcifications,	few	thin
septations)
•	 Category	IIF—added	in	1993	(F	=	follow-up):	more	numerous	thin	septations,	slight	cyst	wall

thickening,	totally	intrarenal,	nonenhancing,	high-density	lesions	(i.e.,	hyperdense	cysts)
•	 Category	III:	more	complicated	cystic	lesions	(calcifications,	thickened	or	numerous	septations,

enhancement	of	the	septations,	mural	nodules,	thickened,	irregular	wall)
•	 Category	IV:	lesions	that	are	clearly	malignant	cystic	carcinomas	(mural	nodules	with	vascularization,

enhancement	of	solid	components)
Categories	I	and	II	are	considered	nonsurgical,	whereas	categories	III	and	IV	are	surgical.	The

risk	that	a	category	III	or	IV	lesion	is	malignant	is	approximately	50%	(range,	25%	to	100%).	The	risk
of	malignancy	in	a	Bosniak	IIF	cystic	lesion	is	approximately	5%.

	12.	 What	are	some	clinical	applications	of	magnetic	resonance	angiography?
•	 Accurately	evaluating	patients	suspected	to	have	renal	artery	stenosis	without	the	risks	associated

with	nephrotoxic	contrast	agents,	ionizing	radiation,	or	arterial	catheterization
•	 Mapping	the	vascular	anatomy	for	renal	revascularization	and	abdominal	aortic	aneurysms
•	 Assessing	renal	artery	bypass	grafts	and	kidney	transplant	anastomoses
•	 Evaluating	vascular	involvement	of	kidney	tumors

	13.	 What	are	the	limitations	of	magnetic	resonance	urography?
•	 Relative	insensitivity	for	kidney	calculi
•	 Relatively	long	imaging	times—so	they	can	be	degraded	by	motion	artifacts
•	 More	expensive	and	not	universally	available
•	 Some	people	are	claustrophobic.

	14.	 Can	MRI	be	done	in	patients	with	pacemakers?
•	 Yes,	unless	the	patient	is	pacemaker	dependent
•	 Newer	generation	of	pacemakers	are	MRI	compatible.
•	 Coordination	of	the	study	with	cardiology	is	required	prior	to	scanning.

	15.	 What	are	the	clinical	indications	for	radionuclide	kidney	imaging?
•	 Estimation	of	glomerular	filtration	rate	and	effective	renal	plasma	flow
•	 Measurement	of	“split”	kidney	function	to	determine	the	relative	contribution	of	the	right	and	left

kidneys	to	total	kidney	function.	This	can	be	important	prior	to	a	nephrectomy.
•	 Differentiation	of	acute	tubular	necrosis	(ATN)	from	rejection	in	cases	of	kidney	transplant,	where

early	blood	flow	images	are	normal	in	ATN	with	decreased	delayed	functioning	as	opposed	to
rejection	where	both	are	abnormal

•	 Evaluation	for	urinary	extravasation	(leak)
•	 Diuretic	renogram	is	useful	in	differentiating	functionally	insignificant	urinary	tract	dilatation	from

obstruction.
•	 Diagnosis	of	acute	pyelonephritis

	16.	 What	are	the	categories	of	radiotracers	used	in	kidney	imaging?
Glomerular	filtration	agents	to	measure	glomerular	filtration	rate:
•	 Technetium	99	diethylenetriamine	pentaacetic	acid	(99mTc-DTPA)
•	 Technetium	99	mercaptoacetyl	triglycine	(99mTc-MAG3)
•	 Iodine	131	o-iodohippurate	(131I-OIH;	mainly	historical)
•	 99mTc-MAG3	is	superior	to	99mTc-DTPA	in	patient	with	poor	kidney	function

Tubular	secretion	agents	to	estimate	effective	renal	plasma	flow:
•	 99mTc-MAG3
•	 131I-OIH

Tubular	retention	agents	used	for	cortical	imaging	(has	some	utility	particularly	in	pediatrics	for
pyelonephritis	evaluation):
•	 Technetium	99	dimercaptosuccinate
•	 Technetium	99	glucoheptonate	(not	often	used	anymore)
•	 99mTc-DTPA	and	99mTc-MAG3	can	both	be	used	to	evaluate	transplant	dysfunction

	17.	 List	the	indications	for	kidney	angiography.
•	 Evaluation	of	cystic	renal	artery	diseases
•	 Preoperative	evaluation	of	a	complicated	donor	kidney
•	 Evaluation	and	treatment	of	kidney	transplant	for	renal	artery	occlusion	or	stenosis
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•	 Evaluation	and	treatment	of	renal	vein	thrombosis
•	 Complex	kidney	masses	or	complications	of	polycystic	disease	or	trauma
•	 Evaluation	and	treatment	of	bleeding	involving	the	kidney	vasculature	(e.g.,	ruptured	angiomyoli-

poma	or	following	kidney	trauma	or	procedure)
•	 The	use	of	kidney	angiography	in	the	treatment	of	renovascular	hypertension	is	controversial,	especially	

in	light	of	recent	publication	of	the	Cardiovascular	Outcomes	in	Renal	Atherosclerotic	Lesions	(CORAL)	
study	(NEJM.	January	2,	2014,	vol.	370,	no.	1),	which	suggests	medical	therapy	is	similarly	efficacious

	18.	 What	is	an	inexpensive	first	step	in	evaluating	a	patient	with	suspected	ureteral	stone?
Radiography	is	often	used	as	an	inexpensive	first	step	in	examining	a	patient	suspected	of	having	
urolithiasis,	because	the	majority	(approximately	90%)	of	urinary	calculi	are	radiopaque.	Large	calculi	
can	easily	be	seen;	however,	confounding	factors	such	as	overlying	bowel	gas,	gallstones,	or	fecal	
material	and	osseous	structures	such	as	transverse	processes	or	the	sacrum	can	easily	hide	small	
calculi.	In	addition,	distal	ureteral	stones	can	be	confused	with	phleboliths	in	the	pelvis.

	19.	 What	is	the	test	of	choice	for	the	examination	of	patient	with	acute	flank	pain?
Unenhanced	CT	scan	of	the	abdomen	and	pelvis	is	the	preferred	imaging	modality,	because	virtually	
all	stones	are	of	sufficient	attenuation	to	be	detected	on	CT.	The	principle	exception	are	stones	con-
sisting	solely	of	indinavir	sulfate	(Crixivan,	Merck,	Rahway,	New	Jersey).	In	addition	to	direct	visualiza-
tion	of	a	ureteral	stone,	secondary	signs	of	obstruction	on	CT	are	commonly	present.	Unenhanced	CT	
can	also	reveal	many	other	causes	of	acute	flank	pain	unrelated	to	the	urinary	system,	such	as	pelvic	
masses,	appendicitis,	and	diverticulitis.

Ureteral	dilatation	has	a	sensitivity	of	approximately	90%	for	use	in	making	a	diagnosis	of	acute	
ureteral	obstruction.	Stranding	of	the	perinephric	fat	and	stranding	of	the	periureteral	fat	both	have	
sensitivities	of	approximately	85%	but	low	specificity.

	20.	 Which	is	the	study	of	choice	for	evaluating	kidney	trauma?
The	primary	role	of	imaging	in	renal	trauma:
•	 Accurately	assess	the	severity	and	extent	of	injury
•	 Evaluate	the	injured	kidney	for	underlying	disorders
•	 Evaluate	the	anatomy	and	function	of	the	opposite	kidney
•	 Assess	for	other	associated	injuries

Contrast-enhanced	CT	scan	is	the	imaging	technique	of	choice	to	evaluate	the	entire	urinary	
tract,	including	the	kidney	vasculature,	parenchyma,	and	collecting	system.

When	a	kidney	laceration	is	detected	on	CT,	a	10-minute	delayed	scan	(excretory	phase)	should	
be	obtained	to	assess	the	collecting	system	and	evaluate	for	urinary	extravasation.	Delayed	images	
are	also	helpful	for	characterizing	the	nature	of	a	perinephric	fluid	collection	and	for	distinguishing	a	
hematoma	from	a	urinoma.

In	patients	with	blunt	trauma	and	suspected	ureteropelvic	junction	injury,	CT	with	excretory	
phase	imaging	is	a	reliable	tool	for	evaluation.

	21.	 What	is	the	role	of	radiology	in	kidney	mass	imaging?
•	 Diagnosis	of	benign	versus	malignant
•	 Preoperative	planning	(surgery	versus	focused	ablation)
•	 Renal	artery	embolization	prior	to	surgery
•	 Split	kidney	function	prior	to	nephrectomy

	22.	 What	is	the	imaging	work-up	for	hypertension?
Imaging	needs	are	defined	by	the	possible	etiology	of	the	hypertension.	For	renovascular	hyperten-
sion,	per	the	American	College	of	Radiology	(ACR)	Appropriateness	Criteria	(http://www.acr.org/
quality-safety/appropriateness-criteria),	MRI	and	CTA	with	and	without	contrast	rank	the	highest	tier.
•	 MRA	without	contrast

•	 US	Doppler	and	angiotensin	converting	enzyme	I	(ACE-I)	renography	are	second	tier.
•	 All	other	studies	are	not	recommended.
•	 For	patients	with	reduced	kidney	function,	only	MRA	without	contrast	and	ultrasound	are	recommended.	

If	coarctation	is	suspected,	then	a	chest	x-ray	along	with	either	chest	CT	or	chest	MRI	would	be		
indicated.	For	suspected	adrenal	lesions,	abdominal	CT	or	abdominal	MRI	are	the	best	modalities.	For	
pheochromocytoma,	nuclear	studies	with	131I-metaiodobenzylguanidine	(MIBG)	is	diagnostic.

•	 Echocardiography	can	be	used	prognostically	looking	for	morphologic	changes	to	the	atria	and	
ventricles	as	a	result	of	hypertension.

http://www.acr.org/quality-safety/appropriateness-criteria
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	23.	 What	are	the	advantages	and	disadvantages	of	the	various	imaging	methods	used	to	diagnose		
renal	artery	stenosis?
See	Table	4.1.

	24.	 What	are	the	relative	contraindications	to	intravenous	(IV)	contrast	administration?
•	 Previous	allergic	reaction	to	contrast	media
•	 Concern	about	contrast-induced	nephrotoxicity
•	 Asthma
•	 Multiple	allergies
•	 Volume	depletion
•	 Pregnancy

	25.	 What	are	the	criteria	for	diagnosing	contrast	nephropathy?
Although	there	is	no	universally	accepted	definition,	an	increase	in	serum	creatinine	level	of	0.5	to		
1.0	mg/dL	or	25%	to	50%	from	baseline	is	used	after	iodinated	contrast	administration.	There	is		
debate	as	to	whether	or	not	IV	iodinated	contrast	induces	nephropathy.	The	original	studies	showing	
harm	were	in	patients	receiving	intra-arterial	contrast	for	cardiac	angiography.	Recent	studies	have	
repeatedly	failed	to	find	contrast	to	be	a	risk	factor	for	acute	kidney	injury.

	26.	 What	are	risk	factors	for	contrast	nephropathy?
•	 Preexisting	CKD	(creatinine	level	.1.5	mg/dL)
•	 Diabetes
•	 Age	.75	years
•	 Concurrent	use	of	nonsteroidal	anti-inflammatory	drugs	(NSAIDs),	diuretics,	ACE	inhibitors,	and	

angiotensin	II	receptor	blockers	(ARBs)
•	 Large	contrast	volume

Table 4.1. Imaging Methods for the Diagnosis of Renal Artery Stenosis

METHOD ADVANTAGES DISADVANTAGES

Doppler	ultrasound •	 No	ionizing	radiation
•	 Low	cost

•	 Operator	dependent
•	 Bowel	often	obscures	visualization	of	

entire	artery
•	 Can	be	limited	by	body	habitus
•	 Low	sensitivity	for	detection	of		

accessory	renal	arteries

Computed	tomography	
angiography

•	 Sensitivity	and	specificity	
near	100%

•	 Accurate	depiction	of	acces-
sory	renal	arteries

•	 Rapid	acquisition

•	 Ionizing	radiation
•	 Only	anatomic	evaluation,	cannot		

assess	significance	of	any	renal		
artery	stenosis	seen

•	 Requires	contrast	administration

Magnetic	resonance	
angiography

•	 95%	sensitivity	
•	 Lack	of	radiation

•	 Can	miss	small	accessory	arteries
•	 Lower	spatial	resolution	than		

computed	tomography	angiography
•	 Risk	of	nephrogenic	systemic	fibrosis	

with	contrast-enhanced	techniques

Digital	subtraction		
angiography

•	 Allows	for	interventional	
treatment

•	 Ionizing	radiation
•	 Requires	contrast	administration
•	 Potential	complication	of	groin		

puncture/vascular	access

Nuclear	Medicine—	
ACE	inhibition		
renography

•	 Noninvasive •	 Ionizing	radiation
•	 Time	consuming	with	scans	before	

and	after	ACE	inhibition
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•	 Hyperuricemia
•	 Use	of	ionic,	high	osmolar	contrast	media

	27.	 Is	Myeloma	a	contraindication	to	IV	contrast?
No.	Historically	there	has	been	a	concern	for	precipitation	of	proteins	in	the	collecting	system;	however,	
more	recent	studies	have	shown	minimal	or	no	risk	if	kidney	function	is	otherwise	normal.

	28.	 What	is	the	typical	time	course	of	kidney	impairment	in	a	patient	with	contrast	nephropathy?
Serum	creatinine	level	rises	over	1	to	2	days	after	contrast	administration,	peaks	at	4	to	7	days,	and	
usually	returns	to	normal	by	day	10	to	14.

	29.	 What	are	the	issues	of	using	contrast	in	patients	on	metformin?
•	 None	for	MRI	contrast.
•	 For	IV	iodinated	contrast:

Metformin	in	isolation	is	not	considered	a	risk	factor	for	contrast-induced	nephropathy.	However,	
patients	who	develop	acute	kidney	injury	(AKI)	while	taking	metformin	may	be	susceptible	to	the		
development	of	lactic	acidosis.

Per	the	Metformin	package	insert	(perhaps	overly	cautious),	metformin	should	be	stopped	at	the	
time	of	contrast	injection	and	withheld	for	48	hours.

Per	ACR	contrast	guidelines:
•	 In	patients	with	no	evidence	of	AKI	and	with	estimated	glomerular	filtration	rate	(eGFR)	³³	30	mL/min	

per	1.73	m2,	there	is	no	need	to	discontinue	metformin	either	prior	to	or	following	the	IV	adminis-
tration	of	iodinated	contrast	media,	nor	is	there	an	obligatory	need	to	reassess	the	patient’s	kidney	
function	following	the	test	or	procedure.	http://www.acr.org/~/media/37D84428BF1D4E1B9A3A29
18DA9E27A3.pdf

	30.	 What	is	nephrogenic	systemic	fibrosis	(NSF)?
A	rare	but	debilitating	or	fatal	fibrosing	condition	that	most	often	affects	the	skin	but	may	involve		
multiple	organs.	NSF	occurs	in	the	presence	of	kidney	failure	following	the	administration	of	gadolin-
ium-based	MR	contrast	agents.	It	was	first	described	in	1997	and	was	called	nephrogenic	fibrosing		
dermopathy;	the	nomenclature	was	changed	to	NSF	in	2005.

	31.	 What	are	the	risk	factors	for	developing	NSF?
•	 High	doses	of	gadolinium-based	contrast	agents
•	 Decreased	glomerular	filtration	rate	(below	30	mL/min,	although	almost	all	documented	cases	

have	been	dialysis	dependent)
•	 Vascular	injury
•	 Venous	thrombosis
•	 Coagulopathy

In	patients	with	acute	kidney	injury,	the	use	of	gadolinium-based	contrast	agent	should	be	
avoided.	For	patients	with	chronic	kidney	disease,	the	Federal	Drug	Administration	(FDA)	has	deter-
mined	that	the	risk	is	greatest	when	the	eGFR	is	less	than	30	mL/min	per	1.73	m2.	In	this	setting,	it	
should	be	determined	whether	use	of	a	gadolinium-based	contrast	agent	is	essential	for	diagnosis,	
and	alternative	imaging	techniques	and	tests	should	be	considered.

For	patients	receiving	hemodialysis	when	MRI	is	essential,	it	is	recommended	that	hemodialysis	
be	performed	immediately	after	gadolinium-based	contrast	agent	administration	and	again	24	hours	
later.	However,	the	efficacy	of	dialysis	is	debated.

Peritoneal	dialysis	clears	gadolinium	very	slowly	so	gadolinium-based	contrast	agents	should	be	
avoided	in	these	patients.

	32.	 Can	contrast-enhanced	MRI	be	done	in	patients	with	CKD?
•	 Yes.	Early-generation,	linear	gadolinium	agents	are	the	only	ones	in	which	NSF	was	reported.		

The	newer	cyclical	agents	bind	gadolinium	more	tightly	and	are	approved	down	to	an	eGFR	of		
30	mL/min	per	1.73m2.	Most	of	these	new	agents	have	no	documented	cases	of	NSF,	even	
in	patients	with	eGFR	below	30	mL/min	per	1.73	m2	or	with	dialysis	(per	some	studies).

•	 See	Table	4.2	for	a	current	list	of	MRI	contrast	agents.

	33.	 What	other	potential	risks	are	there	with	gadolinium	contrast	agents?
•	 Recent	studies	have	shown	deposition	of	this	heavy	metal	in	the	nervous	system,	even	in	patients	

with	normal	kidney	function.	Although	no	long-term	adverse	effects	of	this	have	been	discovered,	
gadolinium	should	be	used	judiciously.

http://www.acr.org/~/media/37D84428BF1D4E1B9A3A2918DA9E27A3.pdf
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Table 4.2. Gadolinium-Based MRI Contrast Agents

NAME
TRADE 
NAME

MOLECULAR 
STRUCTURE TYPE

NSF  
REPORTED

Gadotate Dotarem Macrocyclic	ionic Extracellulara No

Gadodiamide Omniscan Linear	ionic Extracellular Yes

Gadopentetate Magnevist Linear	ionic Extracellular Yes

Gadobenate Multihance Linear	ionic Extracellular No

Gadoteridol Prohance Macrocyclic	nonionic Extracellular No

Gadoversetamide Optimark Linear	nonionic Extracellular Yes

Gadobutrol Gadavist Macrocyclic	nonionic Extracellular No

Gad	oxetate Eovist Linear	ionic Hepatobiliaryb No

Gadofosveset Ablavar Macrocyclic	albumin	
bound

Bloodpoolc No

aGives general tissue enhanceement.
bEvaluate liver masses.
cEvaluates vasculature.
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MRI, Magnetic resonance imaging; NSF, nephrogenic systemic fibrosis.

	1.	 CT	urography	has	replaced	EU	for	evaluation	of	hematuria	in	most	medical	centers.
	2.	 US	provides	adequate	kidney	imaging	irrespective	of	kidney	function.
	3.	 Unenhanced	CT	scan	is	the	preferred	imaging	modality	for	a	patient	with	acute	flank	pain.
	4.	 Gadolinium	use	with	MRI	has	been	associated	with	NSF	in	patients	with	kidney	failure,	although	it	is	

much	rarer	with	newer	cyclical	agents;	and	gadolinium	deposition	is	being	seen	in	the	central	nervous	
system	even	in	patients	with	normal	kidney	function.

	5.	 Radionuclide	renal	imaging	provides	both	functional	and	anatomic	information	about	the	kidneys.

KEY POINTS
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	 1.	 What	are	the	major	clinical	uses	for	a	kidney	biopsy?
A kidney biopsy is performed to help establish a diagnosis and aid in the selection of an appropriate
therapy when clinical and laboratory tests are unrevealing. The degree of active and chronic changes
helps generate valuable information regarding the prognosis and likelihood of a treatment response. A
kidney biopsy is routinely used to differentiate causes of transplant allograft dysfunction.

	 2.	 In	which	clinical	settings	is	a	kidney	biopsy	most	useful	as	an	aid	in	the	evaluation	and	manage-
ment	of	a	patient	with	undiagnosed	kidney	disease?
• Acute Kidney Injury (AKI): A kidney biopsy is recommended when a patient has unexplained

AKI that does not improve with supportive therapy. Prerenal disease, acute tubular necrosis, and
obstruction must be ruled out, as these can be diagnosed based on clinical history.

• Nephrotic Syndrome: Adults with evidence of nephrotic syndrome with no apparent underly-
ing cause should undergo a kidney biopsy. Children with nephrotic syndrome are presumed to
have minimal change disease and are treated empirically with steroids. A kidney biopsy is
reserved for children with atypical features, including steroid resistance, hematuria, or kidney
impairment.

• Systemic Disease: Patients with vasculitis, systemic lupus erythematous, and viral infection-related
nephropathy often require a kidney biopsy. Information is important in not only confirming a diagno-
sis but also in dictating further therapy based on the extent of active or chronic changes. In patients
diagnosed with diabetes mellitus with kidney dysfunction, a kidney biopsy is sometimes suggested
in the presence of features inconsistent with diabetic nephropathy, such as rapid progression or
persistent hematuria. Additionally, a kidney biopsy is often recommended in the setting of various
dysproteinemias when information would change the management strategy.

• Hematuria: In patients with isolated microscopic hematuria, urologic causes must first be ex-
cluded. Patients with persistent non-urologic microscopic hematuria with proteinuria and/or kidney
insufficiency often require a kidney biopsy for diagnostic and therapeutic purposes. In contrast, a
kidney biopsy is usually not required in isolated microscopic non-urologic hematuria without kidney
insufficiency, hypertension, or proteinuria. One may consider a kidney biopsy with microscopic
hematuria and unique circumstances, such as in the evaluation of potential living kidney donors,
life insurance, or employment purposes.

• Transplant Allograft: Kidney biopsy is used in transplant kidney recipients who develop hematu-
ria, proteinuria, or kidney transplant dysfunction to differentiate between the various forms of
rejection versus other causes of kidney failure.

• Chronic Kidney Disease: A kidney biopsy may be useful in prognostication for patients with
unexplained chronic kidney disease and normal-sized kidneys on imaging.

	 3.	 What	are	some	clinical	scenarios	when	a	kidney	biopsy	may	not	be	necessary?
• Acute kidney injury in which a clinical diagnosis of pre-renal disease, acute tubular necrosis, or

obstruction is evident
• Isolated glomerular hematuria without evidence of kidney dysfunction or proteinuria
• Isolated non-nephrotic proteinuria with the absence of kidney insufficiency or glomerular

hematuria
• Patients with an insidious onset of proteinuria with a known diagnosis of long-standing diabetes

mellitus (with slow progression of kidney disease) or massive obesity with presumed secondary
focal segmental glomerulosclerosis

• Patients with chronic kidney disease with small, hyperechoic kidneys. These patients are at higher
risk of biopsy complications and are unlikely to have reversible disease.

	 4.	 What	are	the	clinical	components	of	the	pre-biopsy	evaluation?
A complete history, physical examination, and selected laboratory tests are performed prior to a kid-
ney biopsy. Current medications need to be reviewed with particular attention to antiplatelet agents,
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aspirin, nonsteroidal anti-inflammatory drugs, and anticoagulants. Ideally, patients should be alert,
cooperative, and able to follow simple directions. The skin overlying the planned biopsy site needs to
be free from infection.

	 5.	 What	laboratory	data	should	be	obtained	before	undertaking	a	kidney	biopsy?
Routine laboratory tests that are obtained before biopsy include a complete biochemical profile, complete
blood count, platelet count, prothrombin time, partial thromboplastin time, blood type, antibody screen for
cross-matching, and a urinalysis. The practice of obtaining bleeding times prior to a percutaneous kidney
biopsy is debated among different medical centers due to the lack of randomized, prospective studies,
availability, and consistency. In a large prospective study of more than 1000 percutaneous kidney
biopsies using real-time ultrasound guidance, patients with a bleeding time greater than 7.5 minutes
had higher rates of biopsy-related complications. About 50% of these patients had a serum creatinine
greater than 1.5 mg/dL. However, other studies have reported no increased risk. The use of bleeding
times prior to a percutaneous kidney biopsy thus remains center dependent.

	 6.	 What	are	the	contraindications	to	percutaneous	kidney	biopsy?
The absolute contraindications for performing a percutaneous kidney biopsy, as defined by the Health
and Public Policy Committee of the American College of Physicians in 1988, include:
• Uncooperative patient
• Solitary native kidney
• Uncontrolled severe hypertension
• Uncontrolled bleeding diathesis

With the exception of an uncontrolled bleeding diathesis, many consider these to be relative
contraindications, which may be overridden in specific clinical circumstances. Percutaneous kidney
biopsy of a solitary kidney has been performed successfully in small studies with technological
advances of real-time ultrasound guidance and the use of automated needles. Other relative
contraindications include:
• Active pyelonephritis
• Perinephric abscess
• Skin infection over the biopsy site
• Hydronephrosis
• Multiple cysts
• Kidney tumor
• Small hyperechoic kidneys
• Uncontrolled hypertension
• Hypotension

	 7.	 What	are	non-percutaneous	methods	of	kidney	biopsy?
A non-percutaneous kidney biopsy is performed when contraindications to the percutaneous method
exist but tissue is required for diagnosis and treatment.
• Transvenous Kidney Biopsy: The transvenous, usually transjugular, kidney biopsy is performed by

an interventional radiologist. The major indication for this technique is in patients with a bleeding
diathesis. The reason that the transvenous approach is preferred for patients with bleeding diathesis
is not that bleeding complications are less compared to the percutaneous approach, it is that an
immediate bleeding complication can be treated quickly with the use of interventional techniques. A
transvenous biopsy is also preferred in patients with morbid obesity, requiring multiple organ biopsies,
and following unsuccessful attempts via the percutaneous route. Contraindications include bilateral
internal jugular vein thrombosis and allergies to contrast material. The cost, the risk of contrast
induced nephropathy, the variable operator experience, and the obtaining of an inadequate sample
to establish a diagnosis are limitations of this technique.

• Open Kidney Biopsy: The open, or surgical, kidney biopsy is a safe and effective technique to obtain
kidney tissue. The indications are similar to those outlined for the transvenous kidney biopsy, and it is
performed in intensive care patients who are being mechanically ventilated. The risk of bleeding is
low and mortality is rare. However, disadvantages of this technique include the risk of general anes-
thesia, fever, atelectasis, and a longer recovery time compared to the percutaneous approach.

• Laparoscopic Kidney Biopsy: Experience thus far suggests that the laparoscopic route is a safe,
reliable, and accurate procedure to obtain kidney tissue.

	 8.	 What	factors	are	associated	with	an	increased	risk	for	bleeding	following	a	kidney	biopsy?
Patients with a history of a bleeding diathesis are at increased risk for bleeding complications. Prolonged
bleeding times are associated with increased bleeding in both retrospective and prospective studies, but
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this test is not universally available. Advanced age, female gender, hypertension, and reduced glomerular
filtration rate are all associated with increased risk of bleeding. Anemia was classically considered a risk
factor for bleeding; however, patients with lower baseline hemoglobin pre-procedure are more likely
to receive a blood transfusion based on the severity of the anemia as opposed to actual bleeding
complications.

	 9.	 How	should	patients	on	antiplatelet,	antithrombotic,	and/or	nonsteroidal	anti-inflammatory	agents
be	managed	in	the	setting	of	a	kidney	biopsy?
A discussion regarding the absolute requirement of the biopsy for diagnosis and/or management, risk
of thrombosis off medications, and risk of bleeding post-biopsy is necessary in patients on nonsteroi-
dal anti-inflammatory, anti-platelet, and/or antithrombotic agents. Consultation with hematology and/
or cardiology is often required in evaluating the risks and benefits.

Stopping the use of antiplatelet and nonsteroidal anti-inflammatory agents 5 days prior to a
kidney biopsy has been shown to reduce the risk of minor complications. We recommend that
patients stop these medications 1 to 2 weeks prior to and following a kidney biopsy. For patients on
warfarin or heparin, there are no definitive guidelines for the management of anticoagulation specific
to a kidney biopsy. The recommendations are generalized from studies of open surgical procedures.
• Warfarin should be held prior to the biopsy with a goal international normalized ratio less than 1.5
• Heparin should be stopped at least 4 to 6 hours (preferably up to 24 hours) prior to the biopsy
• Low-molecular-weight heparin should be held 24 hours prior to the procedure
• Anticoagulation medications should be held for 1 week following an uncomplicated biopsy

	10.	 What	does	the	percutaneous	biopsy	procedure	involve?
The percutaneous kidney biopsy is usually performed on the right kidney under real-time ultrasonic
guidance, but a computed tomography scan also offers adequate visualization. Local anesthesia is
typically used, but mild sedation may be used. The patient is placed in the prone position, although
the biopsy may rarely be performed in the seated, lateral decubitus, or supine anterolateral position in
certain clinical situations. The lower pole is preferred to help reduce the risk of puncturing a major
vessel while accessing the glomeruli of the kidney cortex. There are a variety of different biopsy nee-
dles available, but most operators prefer to use the automated spring-loaded biopsy needle. Two
cores of kidney tissue are recommended for an adequate sample in most patients.

	11.	 What	size	needle	should	be	used	in	kidney	biopsies?
There remains controversy regarding the ideal needle size to use in kidney biopsies. Most operators
prefer the use of automated needles; however, there is no difference in the complication rates
between an automatic needle and a manual needle of the same size. Several studies have shown no
difference in the number of glomeruli obtained between automated needles of 14 gauge compared to
16 gauge. However, a recent meta-analysis found the rate of blood transfusion was significantly
greater in patients biopsied using a 14-gauge needle as compared to a 16-gauge needle. There are
also less asymptomatic perinephric hematomas demonstrated by routine screening ultrasound at
1 hour post-percutaneous kidney biopsy using 16-gauge needles compared to 14-gauge needles,
suggesting a lower complication rate. In a prospective study undertaken in Norway, which included
9288 biopsies, there was a higher rate of complications with the use of 18-gauge needles as
compared to 14-gauge or 16-gauge needles. Furthermore, the median number of glomeruli was
significantly higher in both the 14-gauge and the 16-gauge needles compared to the 18-gauge
needles. Based on these data, we recommend the use of the 16-gauge automated needle with
real-time ultrasound sound guidance as our standard approach.

	12.	 What	are	the	potential	complications	of	a	kidney	biopsy?
Due to the vascular nature of the kidney, the primary complications associated with a kidney biopsy
are related to bleeding. Table 5.1 reviews the incidence of the various bleeding complications.
Microscopic hematuria is the most common consequence of the procedure, but is asymptomatic
and resolves spontaneously. Similarly, mild drops in hemoglobin concentration and silent perinephric
hematomas (detected by routine screening imaging) are common but are not considered to be
complications. Arteriovenous fistulas can be found in up to 18% of patients; however, most are clinically
asymptomatic and resolve spontaneously within 2 years. Symptomatic fistulas can result in hematuria,
hypertension, high-output cardiac failure, and kidney impairment, which can require arterial embolization
or surgical ligation. Outside of bleeding, other complications of kidney biopsy are rare. They include Page
Kidney (renin-mediated hypertension from pressure-induced ischemia from a perinephric hematoma),
puncture of nearby organs (typically liver, pancreas, or spleen), pneumothorax, hemothorax, and perirenal
soft tissue infection.
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	13.	 What	is	the	recommended	post–kidney	biopsy	care?
Immediately after the kidney biopsy, the patient is placed on bedrest. The vital signs are closely  
monitored, and repeat labs are obtained at various points post-biopsy to monitor for bleeding and 
other complications. Urine is monitored for gross hematuria. In carefully selected patients, percutaneous 
biopsy of the kidney is being performed with increased frequency as an outpatient procedure.  
Individuals who are free of pain at the biopsy site have clear urine, stable hematocrit, and no  
hematoma on 1 hour post-ultrasound imaging could be discharged safely the same day. In a prospective 
study of over 1000 percutaneous kidney biopsies with real-time ultrasound guidance, post-biopsy  
observation of less than 8 hours was shown to miss 28% of complications, while 89% of major  
complications were identified by 24 hours. Although the timing of discharge post-kidney biopsy re-
mains center- and nephrologist-dependent, an observation period of at least 6 hours and ideally 12 to  
24 hours is recommended. Patients are instructed to avoid heavy exercise and any blood thinners  
(including nonsteroidal anti-inflammatory agents) for 10 to 14 days after the kidney biopsy.

Table 5.1. �Incidence�of�Percutaneous�Kidney�Biopsy�(with�Ultrasound�Guidance)�
Bleeding�Complications

COMPLICATION APPROXIMATE INCIDENCE

Macroscopic hematuria 3.5%

Perinephric hematoma 2.5%–17%

Requirement of blood transfusion 0.9%–17%

Requirement of angiographic intervention 0.6%

Bladder obstruction from hemorrhage 0.3%

Requirement of nephrectomy 0.01%

Death 0.02%–0.1%

 1. The kidney biopsy is an effective, valuable, and safe procedure that provides insight into the diagno-
sis, prognosis, and treatment of patients with kidney disease.

 2. A complete history, physical examination, and selected laboratory tests are important components 
of the pre–kidney biopsy evaluation.

 3. The most common complication associated with a kidney biopsy is bleeding, though it is usually 
self-limited and rarely life threatening.

 4. In patients with contraindications to the percutaneous approach, non-percutaneous methods should 
be considered when tissue is still required for diagnosis and treatment decisions.

KEY POINTS
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	 1.	 What	is	acute	kidney	injury	(AKI)?
AKI is a sudden decrease in kidney function occurring over a period of hours to days. The acute
decrease in glomerular filtration rate (GFR) is usually manifested by the accumulation of waste
products including, but not limited to, urea and creatinine in the blood (azotemia), and is sometimes
accompanied by oliguria.

	 2.	 What	is	the	difference	between	AKI	and	acute	renal	failure	(ARF)?
Although the terms AKI and ARF both described the sudden decrease in kidney function, the term AKI
is now the preferred term, as it reflects the importance of smaller decrements in kidney function that
do not result in complete loss of kidney function. The terms ARF or acute kidney failure now are
generally used to describe AKI resulting in severe organ failure with the need for acute renal
replacement therapy.

	 3.	 What	is	oliguria?
Oliguria (literally, scanty urine) is a reduction in urine volume to a volume that is insufficient to excrete
the necessary solute load. Oliguria is generally defined as a urine volume:
• Less than 0.5 mL/kg per hour in children
• Less than 20 mL/h in adults or
• Less than 400 to 500 mL/day in adults

Anuria (literally, the absence of urine) is defined as a urine output of ,100 mL/day.

	 4.	 How	is	AKI	defined?
Although the concept of AKI is easily defined, multiple operational definitions have been used over the
course of years, and coming up with a universal operational definition has been more of a challenge.
Over the past 10 to 15 years, several consensus criteria for the operational definition of AKI have been
developed, including the RIFLE (Risk, Injury, Failure, Loss, and End-stage) criteria developed by the
Acute Dialysis Quality Initiative (ADQI) in 2004; the AKIN definition developed by the Acute Kidney Injury
Network in 2007; and the Kidney Disease Improving Global Outcomes (KDIGO) definition developed by
the Kidney Disease: Improving Global Outcomes Acute Kidney Injury Clinical Practice Guideline
Workgroup in 2012. All three of these consensus definitions (Table 6.1) define AKI based either on
changes in serum creatinine concentration or on the presence of oliguria. In the RIFLE criteria, AKI is
defined based on at least a 50% increase in the serum creatinine concentration developing over a
period of not more than 7 days or on the basis of a urine output of ,0.5 mL/kg per hour for more than
6 hours. The AKIN definition added an absolute increase in serum creatinine of at least 0.3 mg/dL to
the $50% increase in serum creatinine, and shortened the time frame for the change in serum
creatinine to 48 hours. The KDIGO definition of AKI kept the $ 0.3 mg/dL increase in serum creatinine
over 48 hours from the AKIN definition, but restored the time frame for the 50% relative increase in
serum creatinine to 7 days, as was originally proposed in the RIFLE criteria. Both the AKIN and KDIGO
definitions retained the same urine output criteria as proposed in the original RIFLE criteria.

	 5.	 How	is	the	severity	of	AKI	staged?
In addition to standardizing the definitions of AKI, the RIFLE, AKIN, and KDIGO criteria stage the
severity of AKI by the magnitude of change in creatinine or the duration of oliguria (see Table 6.1). The
RIFLE criteria stratified AKI into three strata of severity (Risk, Injury, and Failure) on the basis of either
change in serum creatinine ($50%, $100%, or $200% increase) or the duration of oliguria
($6 hours, $12 hours, or $24 hours) and two outcome stages based on the duration of kidney
failure (see Table 6.1). The subsequent AKIN and KDIGO criteria kept the initial three strata of severity
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(now called Stage 1, Stage 2, and Stage 3) but dropped the two outcome stages. In all three 
classification systems, the increasing severity of AKI is associated with the increasing risk of death 
and intensive care unit and hospital length of stay. The duration of AKI, which is not included in these 
staging criteria, is also associated with mortality risk. While these classification systems are important 
for epidemiologic studies and clinical trials, there remains uncertainty regarding the utility of AKI 
staging when applied prospectively in clinical practice.

	 6.	 What	is	acute	kidney	disease	(AKD)?
With AKI defined as kidney dysfunction developing over less than 7 days, and chronic kidney disease 
(CKD) defined based on structural or functional damage to the kidney present for more than 3 months, 
a gap exists in patients who develop kidney dysfunction over more than 7 days but for less than  
3 months. The KDIGO AKI workgroup proposed that AKD be defined as kidney disease that is present 
for less than 3 months, defined based on a GFR of ,60 mL/min per 1.73 m2, a decrease in GFR of 
$35% or an increase in serum creatinine of .50%. AKI is a subset of AKD.

	 7.	 How	common	is	AKI?
Estimates of the incidence of AKI depend on the definition used for case finding and the population 
studied. It is estimated that 5% to 10% of hospitalized patients develop AKI. AKI is much more common 
in critically ill patients; 35% to 60% of critically ill patients will develop AKI based on the RIFLE, AKIN, 
or KDIGO criteria, and 5% will develop severe AKI requiring renal replacement therapy. Epidemiologic 
studies have demonstrated that AKI has become progressively more common, with an almost 20-fold 
increase in incidence over 25 years. Currently, more patients initiate renal replacement therapy for AKI 
than for CKD, progressing to end-stage kidney disease.

Table 6.1. �RIFLE,�AKIN,�and�KDIGO�Definition�Staging�Systems�for�Acute�Kidney�
Injury

DEFINITION/ 
STAGING  
SYSTEM INCREASE IN SERUM CREATININEA

URINE  
OUTPUT  

CRITERIAA

�
RIFLE

AKIN/
KDIGO

�
RIFLE

�
AKIN

�
KDIGO

�

Risk Stage 1 $150% of base-
line over 7 days

$0.3 mg/dL 
over baseline 
over 48 h; or
$150% of base-
line over 48 h

$0.3 mg/dL over 
baseline over 48 h; 
or
$150% of baseline 
over 7 days

,0.5 mL/kg per 
hour for .6 h

Injury Stage 2 $200% of 
baseline

$200% of 
baseline

$200% of baseline ,0.5 mL/kg per 
hour for .12 h

Failure Stage 3 $300% of 
baseline; or
$0.5 mg/dL 
to a level  
.4.0 mg/dL

$300% of 
baseline; or
$0.5 mg/dL 
to a level  
.4.0 mg/dL

$300% of base-
line; or
$0.5 mg/dL to a 
level .4.0 mg/dL

,0.3 mL/kg per 
hour for .24 h; or
Anuria for .12 h

Loss Need for RRT  
due to AKI for 
.4 weeks

End 
Stage

Need for RRT  
due to AKI for 
.3 months

aDefinition of AKI met by either increase in serum creatinine or urine output criteria; stage determined by 
highest severity of increase in serum creatinine or urine output criteria. 

AKI, Acute kidney injury; AKIN, Acute Kidney Injury Network; KDIGO, Kidney Disease: Improving Global 
Outcomes; RIFLE, Risk, Injury, Failure, Loss, End-stage; RRT, renal replacement therapy.
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	 8.	 What	are	the	causes	of	AKI?
AKI encompasses any process that causes an abrupt decrease in kidney function. The differential  
diagnosis includes prerenal azotemia (approximately 50% to 70% of cases), obstructive nephropathy 
(approximately 5% of cases, see Chapter 17), and intrinsic forms of AKI.

	 9.	 Is	acute	tubular	necrosis	(ATN)	the	same	as	AKI?
ATN is the most common form of intrinsic AKI. However, there are many other etiologies of AKI as  
described above, and the two terms are not synonymous.

	10.	 Which	patients	are	at	risk	for	the	development	of	AKI?
The most important risk factor for the development of AKI is the presence of preexisting CKD. Elderly 
patients are at increased risk for the development of AKI, as they often have unrecognized diminished 
kidney function. Other risk factors include diabetes mellitus and volume depletion. Medications that 
cause intrarenal vasoconstriction, such as nonsteroidal anti-inflammatory drugs (NSAIDs), also  
predispose to the development of AKI.

	11.	 What	is	prerenal	azotemia?
Prerenal azotemia is a functional form of AKI that results from diminished kidney perfusion. As there is 
no parenchymal injury, the hallmark of prerenal azotemia is the rapid normalization of kidney function 
when kidney perfusion is restored. Common etiologies of prerenal azotemia include intravascular  
volume depletion, congestive heart failure (cardiorenal syndrome, see Chapter 9), and advanced liver 
disease. The hepatorenal syndrome (see Chapter 8) is a severe form of prerenal azotemia in patients 
with cirrhosis of the liver and severe portal hypertension. Patients with prerenal azotemia are often 
(although not always) oliguric and generally manifest increased sodium reabsorption if they are not 
being treated with diuretics.

	12.	 How	can	prerenal	azotemia	be	differentiated	from	ATN?
It is important to differentiate between prerenal azotemia and intrinsic forms of AKI, as prerenal 
azotemia will generally improve with the correction of the underlying hemodynamic disturbance. In 
contradistinction, the volume loading of patients with ATN or other forms of intrinsic AKI will not result 
in improved kidney function and may exacerbate volume overload. Characteristic laboratory findings 
that help differentiate between prerenal azotemia and ATN reflect the preservation of tubular function 
with increased sodium reabsorption and urinary concentration in prerenal azotemia (Table 6.2). 
Preexisting CKD or diuretic use may limit the usefulness of these indices. Novel biomarkers of tubular 
injury, such as neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule-1 (KIM-1), 
have been proposed as candidates for differentiating between prerenal azotemia and intrinsic tubular 
damage, but are not yet validated for clinical use.

	13.	 What	are	the	fractional	excretion	of	sodium	and	urea	and	how	are	they	calculated?
The fractional excretion of sodium and urea are indices of tubular function that are useful in 
differentiating between prerenal azotemia and ATN, particularly in patients with oliguric AKI. In 

Table 6.2. �Laboratory�Differentiation�Between�Prerenal�Azotemia�and�Acute�
Tubular�Necrosis

PRERENAL  
AZOTEMIA

ACUTE TUBULAR  
NECROSIS

Serum BUN:creatinine ratio .20:1 10:1

Urine specific gravity .1.015 1.010

Urine sodium ,20 mmol/L .40 mmol/L

Fractional excretion of sodium ,1% .2%

Fractional excretion of urea ,35% .50%

Urine osmolality .500 mOsm/kg 300 mOsm/kg

Urine sediment Normal, or hyaline casts Kidney tubular cells and “muddy 
brown” granular casts

Biomarkers of tubular injury Negative Positive

BUN, blood, urea, nitrogen.
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prerenal states, the tubular response of the kidney to decreased effective perfusion is to increase 
tubular sodium reabsorption. The fractional excretion of sodium (FENa), which is the percentage of the 
sodium filtered at the glomerulus that is excreted in the urine, will decrease from a normal value of 
slightly less than 1% and will be significantly less than 1%. In contrast, in many forms of ATN, 
impaired tubular function will result in elevated values of FENa (.3%).

As shown in Fig. 6.1, FENa is calculated by dividing the urine sodium excretion by the filtered 
sodium load:
• The excreted Na1 5 UNa 3 V, where UNa is the urine sodium concentration and V is the urine volume
• The filtered Na1 5 PNa 3 GFR, where PNa is the plasma sodium concentration and GFR is the 

glomerular filtration rate
• The GFR can be estimated as the creatinine clearance, Ucreat 3 V / Pcreat, where Ucreat and Pcreat are 

the urine and plasma creatinine concentrations, respectively.
Although the FENa is helpful in differentiating between prerenal azotemia and ATN, it is not 

completely reliable. Patients who develop ATN in the setting of true or effective volume depletion, 
such as with concurrent heart failure, cirrhosis, burn injury or sepsis, or as the result of contrast-
induced nephropathy or rhabdomyolysis, may have a FENa ,1%. Conversely, the FENa may be .1% in 
patients with prerenal azotemia who are on diuretics or who have underlying CKD. In these patients, 
the fractional excretion of urea (FEurea) may be helpful in differentiating between prerenal azotemia 
and ATN. The FEurea is calculated in a fashion analogous to the FENa as:

FEurea 5 (Uurea / Purea)/ (Ucreat / Pcreat)

In prerenal azotemia FEurea is usually ,35%; in ATN, values are typically .50%. Fractional 
excretion of urea may be artificially lowered in the setting of infections with urea-splitting organisms. 
It should also be recognized that the while these diagnostic indices are guides in the differentiation 
between prerenal and intrinsic AKI, their diagnostic performance is imperfect and they should not be 
used as the sole criteria for establishing the etiology of AKI.

	14.	 What	is	abdominal	compartment	syndrome?
Abdominal compartment syndrome is caused by an increase in intra-abdominal pressure resulting  
in the dysfunction of multiple organ systems including decreased cardiac output and hypotension,  
increased thoracic pressure, decreased pulmonary compliance and increased airway pressures 
leading to impaired ventilation, and decreased visceral perfusion, which in turn may lead to intestinal 
ischemia, and infarction and oliguric AKI. It is thought that increased renal venous pressure rather 
than increased intra-parenchymal pressure is the primary cause of AKI in the abdominal compartment 
syndrome. Common causes of abdominal compartment syndrome include trauma with intra-
abdominal hemorrhage, abdominal surgery, retroperitoneal hemorrhage, peritonitis, pancreatitis, 
massive fluid resuscitation, abdominal banding, repair of large incisional hernia, laparoscopy and 
pneumoperitoneum, and ileus. It has been suggested that abdominal compartment syndrome may 

Fractional Excretion of Na =
UrNa × PCr

PNa × UrCr

Fractional Excretion of Na =
UrNa × V

UrCr × V

PCr
PNa × 

Fractional Excretion of Na =

UrCr × V

PCr
GFR = ClCr =

Excreted Na UrNa × V

PNa × GFRFiltered Na

=

=

Figure 6.1. Fractional excretion of sodium calculation.
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contribute to as many as 30% of cases of AKI in critically ill patients. The treatment of abdominal 
compartment syndrome is abdominal decompression. In patients with massive ascites, paracentesis 
may be sufficient; however, the definitive therapy most commonly requires surgical decompression, 
often leaving the abdomen open until inflammation and edema subside.

	15.	 How	is	the	abdominal	compartment	syndrome	diagnosed?
The hallmark of abdominal compartment syndrome is an intra-abdominal pressure over 20 mm Hg 
associated with a single or multiple organ system failure that was not previously present. Intra- 
abdominal pressure may be assessed by the transduction of urinary bladder pressure.

	16.	 What	is	obstructive	(post-renal)	AKI?
Obstructive (post-renal) AKI results from blocked urine flow at the level of the ureters (upper tract) or 
the bladder outlet or urethra (see Chapter 16). For upper tract obstruction to cause AKI, the obstruction 
must either be bilateral, or be unilateral with an absent or nonfunctional contralateral kidney.

	17.	 What	are	the	causes	of	intrinsic	AKI?
A variety of kidney parenchymal diseases can cause AKI:
• Acute and rapidly progressive forms of glomerulonephritis (see Chapter 14)
• Acute interstitial nephritis (AIN)
• ATN
• Acute vascular diseases (e.g., renal artery thromboembolism, atheroembolic disease)
• Intratubular deposition of crystals

• Calcium oxalate in ethylene glycol positioning
• Uric acid in tumor lysis syndrome
• Acyclovir
• Indinavir)

• Intratubular deposition of paraproteins (myeloma cast nephropathy)
ATN is the most common etiology of intrinsic AKI

	18.	 How	can	the	different	causes	of	intrinsic	AKI	be	differentiated?
Although there are no specific therapies for the treatment of ATN, specific therapies are available for 
many of the other forms of intrinsic AKI. Diagnostic clues may be apparent from the history and physical 
examination, paying careful attention to (1) the history of medication use; (2) medical procedures;  
and (3) careful examination of the skin for evidence of vasculitis, drug eruption, and atheroembolism. 
Examination of the urine often provides key findings for differentiating between the etiologies of intrinsic 
AKI (Table 6.3). A definitive diagnosis may result in the requirement of a kidney biopsy.

	19.	 What	is	AIN?
AIN is a form of AKI that results from immunologically mediated lymphocytic infiltration of the renal 
parenchymal interstitium, often with accompanying eosinophils. Although the classic presentation 
consists of AKI accompanied by the triad of fever, rash, and eosinophilia, the complete triad is 
observed in only a small minority of patients.

	20.	 What	are	the	causes	of	AIN?
Although AIN may develop as the result of infections, malignancy, and immunologically mediated  
systemic disease, it is most often associated with medication use (Box 6.1). The most common 

Table 6.3. Urine�Findings�in�Intrinsic�Acute�Kidney�Injury�(see�Chapter�2)

AGN/RPGN AIN ATN
CRYSTAL  
NEPHROPATHIES

MYELOMA  
KIDNEY

Dysmorphic 
RBCs
RBC Casts

RBCs
WBCs
WBC casts
eosinophiluria

Tubular epithelial 
cells
Coarse granular 
casts 
(“muddy brown” 
casts)

Crystaluria
Oxalate— 
ethylene glycol
Urate—tumor  
lysis syndrome
Drug—acyclovir,  
indinavir

Bence-Jones  
proteinuria
Free urinary light 
chains

AIN, Acute interstitial nephritis; AGN, acute glomerulonephritis; ATN, acute tubular necrosis; RBC, red 
blood cell; RPGN, rapidly progressive glomerulonephritis; WBC, white blood cell.
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medications include antibiotics, particularly penicillins, cephalosporins, sulfonamides, rifampin, and 
proton pump inhibitors. Nonsteroidal antiinflammatory medications are associated with an atypical 
form of interstitial nephritis, which is usually not associated with fever, rash, or eosinophilia, and is 
often associated with nephrotic proteinuria.

	21.	 Does	the	presence	of	eosinophiluria	mean	a	patient	has	AIN?
Although eosinophiluria has been considered a hallmark finding, it is neither sensitive nor specific. It 
may be seen in many other conditions including pyelonephritis, prostatitis, cystitis, and atheroembolic 
disease. Routine assessment for eosinophiluria in patients with AKI is not appropriate.

	22.	 What	are	the	causes	of	ATN?
ATN may develop as the result of hypotension and kidney ischemia in the setting of sepsis with or 
without overt hypotension, or as the result of nephrotoxin exposure. Ischemia contributes to 
approximately 60% to 70% of cases of ATN, 50% to 60% of sepsis, and 30% to 40% of nephrotoxins. 
The nephrotoxins commonly associated with the development of ATN are listed in Box 6.2.

	23.	 What	is	the	pathophysiology	of	ATN?
Although ATN is characterized by a profound decrease in GFR, the connection between the tubular  
injury and the loss of glomerular function is not entirely understood. Three major mechanisms are 
thought to underlie the loss of kidney function in ATN:

 1. Intratubular obstruction: Following an ischemic or nephrotoxic injury, tubular epithelial cells and 
cellular debris are sloughed from the tubular epithelium and occlude the tubular lumen distally. 
These sloughed cells and debris form the granular casts seen in the urine sediment.

 2. Tubular back leak: The sloughing of apoptotic and necrotic tubular epithelial cells results in denuding 
of the tubular basement membrane and unregulated back leak of glomerular filtrate. The combination 
of tubular obstruction and back leak results in decreased urine flow through the tubular lumen.

 3. Vasoconstriction and microvascular injury: Although the pathognomonic injury in ATN is 
damage to the tubular epithelium, there is both reactive vasoconstriction and endothelial injury in 

Box 6.1. Common�Etiologies�of�Acute�Interstitial�Nephritis

Medications
Penicillins
Cephalosporins
Sulfonamides
Rifampin
Proton pump inhibitors
Phenytoin
Furosemide
Nonsteroidal antiinflammatory drugs

Infections
Bacterial

Viral
Rickettsial
Tuberculosis

Systemic diseases
Systemic lupus erythematosus
Sarcoidosis
Sjögren syndrome
Tubulointerstitial nephritis and uveitis

Malignancy
Idiopathic

Box 6.2. Common�Etiologies�of�Acute�Tubular�Necrosis

Nephrotoxic
Exogenous

Radiocontrast agents 
Aminoglycosides
Vancomycin
Amphotericin B
Cisplatinum

Acetaminophen
Endogenous

Hemoglobin
myoglobin

Ischemic
prolonged prerenal azotemia
hypotension
hypovolemic shock
cardiopulmonary arrest
cardiopulmonary bypass
aortic surgery

Sepsis
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the microvasculature that results in decreased glomerular perfusion, directly reducing the GFR and
contributing to the extension of the initial injury.

	24.	 What	is	the	clinical	course	of	ATN?
Clinically, four phases of ATN can be described. In the initiation phase, exposure to the nephrotoxic
agent, ischemia, or sepsis initiates the injury to the kidney. In clinical practice, often there are multiple
exposures whose cumulative effect results in the initiation of ATN. The initiation phase is then followed
by an extension phase, during which there is continued cellular injury mediated by continued
microvascular injury and the activation of inflammatory mediators despite the fact that the triggering
exposure has resolved. This is then followed by a maintenance phase, which may last from days to
6 weeks or longer. During the maintenance phase, the GFR remains markedly depressed and is often
accompanied by oliguria. During this phase, patients are often dependent on some form of renal
replacement therapy (dialysis or continuous hemofiltration). With time, the patient may enter the
recovery phase, during which time there is regeneration of the tubular epithelium and an improvement
in kidney function. This phase is often characterized by a brisk increase in urine output, and is often
referred to as the diuretic phase. Although the GFR may recover to near-normal levels, there is often
residual kidney injury manifested by a decrease in GFR from the baseline, a loss of functional reserve
of the kidneys or evidence of tubular dysfunction that may persist for months or years.

	25.	 What	are	the	risk	factors	for	the	development	of	ATN?
Preexisting kidney disease with a decrease in GFR is the most significant risk factor for the
development of ATN. Patients with diabetic nephropathy are at increased risk as compared to patients
with nondiabetic kidney disease of equal severity. Other factors that predispose to the development of
ATN include volume depletion and the use of pharmacologic agents that decrease kidney perfusion,
particularly nonselective NSAIDs and selective cyclooxygenase-2 (COX-2) inhibitors.

	26.	 Can	AKI	be	prevented?
Unfortunately, other than good medical care with the avoidance of volume contraction, the prevention
of hypotension and the avoidance of nephrotoxic agents, there are no specific interventions that
have been reliably demonstrated to prevent the development of AKI. The best model is the prevention
of contrast-induced nephropathy following the administration of iodinated contrast agents for
angiography and computed tomography. Although multiple agents, such N-acetylcysteine and sodium
bicarbonate, have been evaluated, the efficacy of these agents beyond volume expansion with
isotonic saline remains controversial (see Chapter 13).

	27.	 What	is	the	treatment	of	AKI?
The treatment of AKI depends on the specific cause. Prerenal states need to be treated with the
correction of intravascular volume depletion and the optimization of cardiac function. AKI from urinary
tract obstruction needs to be treated with decompression of the urinary tract. AIN is treated with
discontinuation of the offending agent; however, the role of glucocorticoids therapy remains
controversial. Acute glomerular syndromes need to be treated based on the specific etiology.
Abdominal compartment syndrome is treated with abdominal decompression to reduce intra-
abdominal pressure. Depending on the clinical setting, this may be accomplished with nasogastric
drainage or paracentesis, but it may require surgical laparotomy, often leaving the abdomen open
until edema and inflammation resolve. The management of ATN is entirely supportive. There are no
effective pharmacologic agents. Renal replacement therapy is used to support patients while
anticipating the recovery of kidney function.

	28.	 What	is	the	role	of	novel	biomarkers	for	the	diagnosis	of	intrinsic	AKI
A number of potential novel urine and serum biomarkers have been investigated for the diagnosis and
classification of AKI, including cystatin C, NGAL, KIM-1, liver fatty acid binding protein (L-FABP),
interleukin-18, insulin-like growth factor binding protein 7 (IGFBP-7), and tissue inhibitor of
metalloproteinase-2 (TIMP-2). Cystatin C is a marker of glomerular filtration that has a shorter serum
half-life than creatinine and therefore increases more rapidly in the setting of AKI than creatinine
does. Cystatin C is normally completely reabsorbed in the urine so there is no urinary excretion; in the
setting of AKI, urinary cystatin C is increased as a result of tubular dysfunction. NGAL, KIM-1, L-FABP,
and interleukin-18 are markers of tubular injury, and plasma and urine levels increase with intrinsic
AKI. However, none of these markers are available for clinical use. IGFBP-7 and TIMP-2 are markers of
cell cycle arrest; urine levels of these markers have been found to increase in patients at increased
risk for AKI. A urine test incorporating these markers is clinically available; however, the optimal use of
this technology remains uncertain.
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	29.	 What	are	the	outcomes	of	AKI?
AKI is associated with high rates of morbidity and mortality. In critically ill patients with severe ATN  
requiring dialytic support, hospital mortality rates are in the range of 40% to 70%. Even prerenal  
azotemia is associated with increased mortality, with mortality rates as high as 30% in some series. 
The recovery of kidney function in survivors is often incomplete, and there is a markedly increased 
risk of progressive CKD and the development of dialysis-requiring end-stage kidney disease after an 
episode of AKI.

 1. Acute kidney injury (AKI) describes a sudden decrease in kidney function occurring over a period of 
hours to days.

 2. The differential diagnosis of AKI includes prerenal azotemia, obstructive nephropathy, and intrinsic 
forms of AKI.

 3. Prerenal azotemia is a functional form of AKI, which results from diminished kidney perfusion. As 
there is no parenchymal injury, the hallmark of prerenal azotemia is the rapid normalization of 
kidney function when kidney perfusion is restored.

 4. A variety of renal parenchymal diseases can cause intrinsic AKI, including ATN, AIN, acute and 
rapidly progressive forms of glomerulonephritis, acute vascular diseases, and intratubular 
deposition of crystals or paraproteins. ATN is the most common etiology of intrinsic AKI.

 5. The most important risk factor for the development of AKI is the presence of preexisting chronic 
kidney disease.

 6. Other than good medical care with the avoidance of volume contraction, the prevention of 
hypotension, and the avoidance of nephrotoxic agents, there are no specific interventions that have 
been reliably demonstrated to prevent the development of AKI.

KEY POINTS
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	 1.	 When	should	renal	replacement	therapy	(RRT)	be	initiated?
There are accepted urgent indications for RRT in patients with acute kidney injury (AKI) and generally
include: refractory fluid overload, hyperkalemia 6 mEq/L or rapidly rising potassium levels, signs
of uremia, severe metabolic acidosis, and certain alcohol and drug intoxications Although the
maintenance of serum creatinine and blood urea nitrogen (BUN) concentrations below arbitrarily set
levels is usually a reference for starting dialysis treatment, neither creatinine nor BUN should be
used to absolutely determine when to initiate dialysis BUN reflects factors not directly associated
with kidney function, such as catabolic rate and volume status Serum creatinine is influenced by
age, race, muscle mass, and catabolic rate, and its volume of distribution varies in fluid overloaded
patients Other factors such as fluid balance control, nutrition needs, severity of the underlying
disease, and acid base and electrolyte balance should guide the decision to start dialysis, as has
been suggested by KDIGO AKI guidelines We favor RRT initiation prior to the development of severe
electrolyte disturbances in patients with severe metabolic acidosis (pH , 72) despite optimal medical
management and with no signs that kidney function or metabolic acidosis is improving; and in
patients with positive fluid balance despite aggressive use of diuretics, predominantly if they have
increasing oxygen requirements Therefore it is better to use RRT as a supportive therapy rather than
a rescue therapy for late manifestations of AKI

Since the optimal timing of RRT initiation is controversial, any presumed benefit from early dialysis
needs to be balanced by the safety concerns from dialysis including:
• Risk for infection from an indwelling dialysis catheter
• Hypotension
• Potential for delayed kidney recovery
• Leukocyte activation from contact with dialysis membranes

Randomized, controlled trials that have compared strategies of early versus delayed initiation of
RRT (in the absence of absolute indications) have yielded conflicting results In fact, three of the
largest trials have not demonstrated a benefit with earlier initiation of RRT The best evidence comes
from a randomized, controlled trial, which included 620 critically ill patients that had severe
AKI (KDIGO stage 3) and required either or both mechanical ventilation and vasopressors (AKIKI
Study) Patients were assigned to early RRT (within 6 hours after AKI was identified) or to delayed
RRT; the delayed strategy required RRT initiation after the onset of severe hyperkalemia, metabolic
acidosis, pulmonary edema, increase in BUN levels 112 mg/dL, or the development of oliguria for
more than 72 hours after allocation The choice of the method of RRT (intermittent or continuous
technique, duration and interval between sessions, device setting, and anticoagulation method) was
left to the discretion of each study site The study showed no difference in terms of mortality between
patients who received early RRT with a median time of initiation of 2 hours (patients with AKI stage 3
KDIGO without BUN levels 112 mmol/L, pH  715, K levels  6 mmol/L, and pulmonary edema
due to fluid overload) and patients who received late RRT with a median time of initiation of 57 hours
An interesting finding in this study was that kidney recovery marked by increased diuresis was more
rapid, and catheter-related infections were lower in the delayed-strategy RRT

Another study was the ELAIN study: a single center, randomized, controlled trial that enrolled
231 critically ill patients with AKI KDIGO stage 2 All patients had severe sepsis,
required vasopressors or catecholamines, or had refractory volume overload In this study, early RRT
(continuous venovenous hemodialfiltration) was started within 8 hours of diagnosis of AKI KDIGO
stage 2, and delayed RRT was started within 12 hours of stage 3 AKI, or developed an absolute
indication for RRT initiation (serum urea level 100 mg/dL, potassium 6 mEq/L, serum magnesium
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8 mEq/L, urine output 200 mL over 12 hours, or diuretic-resistant edema) Compared with delayed 
or no initiation, early RRT initiation reduced 90-day mortality In addition, more patients recovered 
kidney function in the early versus delayed group by 90 days, and both the duration of RRT and the 
hospital stay were shorter in the early initiation group

The timing of RRT, a modifiable factor, might exert an important influence on patient survival  
We favor utilizing an approach that recognizes that the strategy in treating AKI is to minimize and 
avoid uremic and volume overload complications Thus, it is not necessary to wait for progressive 
uremia to initiate dialytic support; it is better to use RRT as a supportive therapy in the presence of 
progressive azotemia and oliguria, rather than a rescue therapy for the late manifestation of AKI  
Our recommendations to initiate RRT with worsening AKI are listed below:
• In patients with K 58 to 60 mEq/L or severe metabolic acidosis despite optimal medical 

management in patients that demonstrate no sign that kidney function or metabolic acidosis is  
improving

• In patients with positive fluid balance despite aggressive attempts of increasing diuresis, particularly 
if they have increasing oxygen support requirements

Careful surveillance is mandatory when deciding to wait for RRT initiation in patients with  
severe AKI, so that any complication will be adequately detected and RRT will be started without  
delay

	 2.	 Which	modalities	of	RRT	are	available	for	treating	AKI	patients?
The modalities that could be used in the treatment of patients with AKI include:

 a Conventional intermittent hemodialysis (IHD)
 b Various types of continuous renal replacement therapies (CRRT) such as:

• Continuous venovenous hemofiltration (CVVH)
• Continuous venovenous hemodialysis (CVVHD)
• Continuous venovenous hemodiafiltration (CVVHDF)

 c Prolonged intermittent renal replacement therapies (PIRRT) that combine aspects of both IHD  
and CRRT, such as slow low-efficiency dialysis (SLED), slow continuous ultrafiltration (SCUF), or  
extended daily diafiltration

 d Peritoneal dialysis (PD)
The removal of solutes can be achieved by convection (hemofiltration), diffusion (hemodialysis), or 

the combination of the two methods (hemodiafiltration) The amount of solute transported per unit of 
time (clearance) depends on the molecular weight of the solute, the characteristics of the membrane, 
and both the dialysate and blood flows IHD has been used widely for the last four decades to treat 
end-stage kidney disease (ESKD) and AKI
• Diffusive clearance is more effective for small-molecular-weight solutes such as potassium, urea, 

and creatinine
• Solutes with higher molecular weight (between 500 and 60,000 Da)—so-called middle molecules—

are better removed by convection, where hydrostatic pressure forces plasma across a membrane 
To provide effective solute clearance, the volume of plasma that must be removed by ultrafiltration 
is greater than the volume that can be tolerated, so it is replaced partially or completely with a 
hemofiltration solution The solution can be infused pre- or post-filter Intermittent ultrafiltration—in 
contrast to intermittent hemodiafiltration—can be done with the same machines as IHD, but is used 
specifically for volume removal Most nephrologists use isolated ultrafiltration as a method of rapid 
fluid removal when the major indication for renal replacement or support is pulmonary edema or  
refractory congestive cardiomyopathy

Extended daily dialysis (EDD), or SLED, differs from IHD in that dialysate and blood flow are  
intentionally kept low, but the duration of the treatment is extended These hybrid modalities can be 
performed at night for 8 to 12 hours, using intensive care unit (ICU) staff, thereby eliminating an  
interruption of therapy, reducing staff requirements, and avoiding scheduling conflicts Studies  
comparing hybrid modalities to CRRT have revealed favorable hemodynamic tolerance in critically ill 
patients while achieving dialysis adequacy and ultrafiltration targets, since the fluid removal as well 
as the solute clearance is more gradual

There are few studies that have compared PD with other RRT modalities for treating patients 
with AKI A single-center randomized trial found that there were no differences in the mortality rate 
and the recovery of kidney function when PD was compared to daily IHD, although PD was associated 
with a shorter duration of need for dialysis Another study, a meta-analysis of eight observational 
cohorts and four randomized, controlled trials, found no difference in mortality comparing PD to 
extracorporeal modalities of RRT
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Since RRT can be provided in various forms as shown above, one should consider the use of
continuous and intermittent RRT as complementary therapies in AKI patients CRRT should be used,
rather than standard intermittent RRT, for hemodynamically unstable patients The choice of a specific
type of RRT should be based also on the availability of resources, the needs of the patient, and the
expertise of the staff

	 3.	 What	type	of	vascular	access	should	be	employed?
Guidelines recommend that for acute hemodialysis, access should be obtained by percutaneous
placement using the ultrasound guidance of a double lumen catheter in the (order of preferences):

 1 Right internal jugular
 2 Femoral
 3 Left internal jugular
 4 Subclavian vein

If RRT is expected to extend beyond several days (7 days), consideration should be given to
early placement of a tunneled catheter in the internal jugular vein Tunneled catheters have a larger
diameter than do non-tunneled catheters, providing higher blood flows, and have a lower incidence of
catheter-related bloodstream infections

Catheter malfunction has a significant impact on the delivered dialysis dose as observed by the
investigators of the ATN study; interestingly, one study showed that twin-tunneled catheters in the
femoral vein provide better function than a conventional femoral vein catheter The femoral vein is
technically the easiest access to place; nevertheless, concern for infection by this type of access
has limited its use One randomized controlled trial showed that femoral catheters were not
associated with an increased risk of infections compared with jugular catheters, except in patients
with high body mass indexes Jugular catheters could be used for prolonged periods of time (usually
3 weeks), with a low risk of bacteremia; on the other hand, femoral catheters—especially in obese
and bed-bound patients—should not be used for more than 1 week Thoracic catheters have the
advantage of lower recirculation However, it should be kept in mind that subclavian vein cannulation
is associated with higher rates of both short-term and long-term complications, such as
pneumothorax and hemorrhage, and central venous stenosis Subclavian catheters should be placed
only if all the other options are not viable The use of portable ultrasound machines has improved the
success rate of cannulation and decreased the rate of complications, and they should be used if
available

	 4.	 Which	factors	could	affect	the	modality	selection	of	RRT?
There is debate whether continuous modalities are better than intermittent modalities in the treatment
of AKI patients IHD has several advantages:
• Short duration of therapy
• Rapid correction of electrolyte and acid-base disturbances
• Rapid fluid removal
• Availability of the machines
• Availability of trained nurses

Often the machines and nurses available to deploy continuous therapies are not available However,
in intermittent dialysis, the duration of the procedure, 3 to 5 hours, limits the control of fluid regulation
and acid-base and electrolyte balance Patients with hemodynamic instability may not tolerate the high
ultrafiltration rates necessary to achieve a fluid balance CRRT can offer advantages over IHD:
• Slower fluid removal, which promotes hemodynamic stability
• Better solute clearance
• Better correction of acid-base and electrolyte abnormalities
• Better metabolic control

Some data have suggested that intradialytic hypotensive episodes during IHD could decrease the
rate of recovery of kidney function Still, CRRT can also have some limitations and disadvantages,
such as the need for continuous anticoagulation, patient immobilization, and greater human resource
requirement, including the need for ICU monitoring Although there are many arguments that favor the
use of CRRT in critically ill patients with AKI, current evidence has not shown any benefit to employing
CRRT over IHD in this group of patients The hybrid modalities, SLED and EDD, can provide the same
adequate solute control as IHD can, but require less intensive monitoring and time, compared to CRRT

It is now recognized that more than one therapy can be utilized for managing patients with AKI
Transitions in therapy are common and reflect the changing needs of patients during their hospital
course For instance, patients in the ICU may initially start on CRRT when they are hemodynamically
unstable, then transition to SLED-EDD when they improve, and leave the ICU on IHD
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	 5.	 Is	there	an	ideal	dose	of	dialysis?
Since 2000, multiple studies in IHD as well as in CRRT have suggested that higher doses of RRT are
associated with improved outcomes; however, two large multicenter, randomized, control trials (ATN
study and RENAL study) do not support the hypothesis that a higher dose of RRT will improve out-
comes It appears that the relationship between the dose administered by RRT and survival has two
regions: a dosage-dependent region where increases in the intensity of the dose are associated with
improved survival; and a dosage-independent region after a threshold is reached A further increase in
the intensity of dose does not improve outcomes These two studies suggest that dose should be
measured, rather than implying that dose is not important in the treatment of critically ill patients with
AKI The influence on solute clearance of some operational characteristics of RRT, such as frequent
filter clotting and protein fouling of the membrane, can translate into a lower dose of delivered dialysis;
this explains why a simple prescription of a target dose, or adjusting for treatment interruptions,
is not enough to find an ideal dose of dialysis In order to ensure delivery of an effluent flow rate of
20 to 25 mL/kg per hour as recommended by 2012 KDIGO guidelines, we recommend prescribing
an effluent flow rate of 25 mL/kg per hour in order to achieve the targeted dose of therapy
For patients undergoing IHD, KDIGO recommend delivering a Kt/V of 39 per week This recommenda-
tion is based on the results of the ATN study, and is just the arithmetic sum of the median dose in the
less intensive arm that has been summed over the course of a week We recommend that if IHD is
provided three times per week, the targeted dose of therapy should be a Kt/V of 12 per treatment
The delivered dose of therapy should be monitored

Besides a small solute clearance, other aspects of dosing should be considered (volume control,
acid-base, nutritional status, etc) in order to find an ideal dose of dialysis during AKI

	 6.	 How	should	dialysis	dose	be	measured?
Since the establishment of a link between dialysis dose measured by urea clearance and clinical
outcomes in patients with ESRD, the clearance of urea adjusted for the volume of distribution of water
has been used as an index of dialysis adequacy (Kt/V) Although widely used for chronic patients, the
use of this dose assessment parameter in AKI is not clear In AKI, the changes in body water volumes
and urea generation rates result in inaccuracy of these formulas The calculated Kt/V in AKI patients
has been shown to be 30% higher than the measured clearance in the dialysate because of episodes
of hypotension, dialyzer clotting, and vascular access recirculation In CRRT, we also overestimate the
true solute clearance by using the effluent volume as a surrogate marker of the delivered dose
Treatment interruptions, progressive decreased filter efficacy, and, consequently, reduced clearance
over time result in a gap between the prescribed and the delivered dialysis dose The use of dialysate-
side measurements provides more accurate dose information (actual solute removal), as it accounts
for the loss of filter efficacy Thus, measuring the actual solute removal in the effluent, and calculating
the clearance based on the mass extract, could dramatically improve the way we assess the effect of
dose on outcomes in critically ill patients

	 7.	 What	are	the	advantages	of	CRRT	in	a	septic	patient	with	AKI?
The use of hemofiltration in CRRT techniques may have an immunomodulatory effect Some of the
inflammatory mediators are water-soluble cytokines (interleukin [IL]-6, IL-8, IL-1) and the tumor
necrosis factor, and can be removed by convection according to their molecular weight and degree
of plasma protein binding Membrane characteristics such as molecular weight cut-off, structure,
and charge also affect the ability of a solute to be cleared by RRT either by convection or by
absorption

In spite of some encouraging results, the clinical benefit of conventional CRRT in sepsis has
been disappointing Consequently, efforts have been made to improve the efficiency of soluble media-
tor removal by increasing the ultrafiltration rates and enlarging the pore size of the membranes

	 8.	 How	can	clotting	of	the	dialyzer	be	prevented?
The contact of blood with the extracorporeal circuit, lines, and membrane activates platelets and the
production of a variety of inflammatory and prothrombotic mediators The result is the induction of
fibrin deposition and filter clotting Clotting of the dialyzer reduces its longevity, and, more importantly,
reduces the efficiency of solute clearance Inefficient anticoagulation reduces the dialyzer
performance by diminishing the surface of the membrane available for diffusion or convection

The anticoagulation for RRT can be systemic or regional, when only the dialysis circuit is
anticoagulated Systemic anticoagulation with unfractionated heparin is the most commonly used
method Heparin is usually administrated as a bolus, followed by a continuous infusion into the
arterial line The optimal dose for AKI patients is not established The target is to maintain a partial
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thromboplastin time of 15 to 2 times the normal level The use of low-molecular-weight heparin
(LMWH) requires the monitoring of factor Xa levels In patients at high risk of bleeding, systemic
anticoagulation should be avoided Although IHD can often be performed without anticoagulation,
using intermittent saline flushes (100 cc) every 15 to 30 minutes in the arterial line could improve
the circuit and filter life In CRRT, regional anticoagulation with citrate is the alternative method
Citrate is infused continuously in the arterial line and chelates the free calcium in the circuit,
inhibiting the coagulation cascade Part of the complex calcium citrate is removed by dialysis
clearance and part is metabolized in the liver Serum calcium concentrations (preferably ionized)
should be monitored, and continuous or intermittent calcium infusion performed as necessary The
use of regional citrate anticoagulation (RCA) increases the buffer load during the treatment as citrate
is converted to bicarbonate in the liver The possibility of metabolic alkalosis requires modifications
in the hemofiltration solution or dialysate

	 9.	 What	complications	should	be	expected	when	using	CRRT?
The most common complications of CRRT are:
• Hypotension
• Bleeding
• Electrolyte imbalances
• Infection
• Hypothermia

Hypotension is the most common complication of dialysis, occurring in around 30% of
treatments Several factors associated with the dialysis treatment can cause hypotension (partial list):
• Cardiac events
• Electrolyte imbalances
• Elevated dialysate temperature
• Bacterial contamination of system
• Low dialysate sodium concentration
• Clearance of vasoactive drugs
• Use of antihypertensive medications prior to treatment

However, hypotension is most often related to the imbalance between fluid removal and fluid
replacement by the extravascular compartment A large amount of fluid removal is a major risk factor
for hypotension, especially in patients with compromised refilling capacity, as in diabetic neuropathy,
low cardiac ejection fraction, diastolic dysfunction, and sepsis Although CRRT has been demonstrated
to reduce episodes of hypotension and to allow better acid-base and electrolyte control, the prolonged
time of therapy increases the risk of volume and electrolytes depletion In spite of the expected safety
of obtaining fluid removal over a longer period of time with CRRT, careful monitoring is mandatory
Hypotension and hemodynamic instability are still frequent in CRRT In intensive and/or prolonged
treatment, CRRT results in overcorrection of electrolyte imbalances, especially when non-physiologic
solutions are used, such as dialysate or replacement fluids Hypocalcemia, hypophosphatemia, and
hypokalemia are common complications associated with higher doses of CRRT, requiring careful
electrolyte monitoring during the procedure The use of peritoneal dialysate fluids used for CRRT can
cause hyperglycemia, demanding special attention with potassium imbalance Patients receiving
CRRT are at increased risk for hypothermia as blood circulates in the extracorporeal circulation for a
prolonged time Dialysate and replacement fluids should be warmed prior to administration, and the
patient’s body temperature should be frequently monitored Because CRRT requires anticoagulation
for a prolonged time, the risk of bleeding is also increased The monitoring of hemoglobin and
hematocrit is important to detect hidden bleeding Patients on RRT are vulnerable to catheter-related
infections, including systemic infections and those local to the vascular access site The cooling effect
of prolonged extracorporeal circulation in CRRT may mask fever; special monitoring for other signs of
infection is mandatory

	10.	 When	you	should	stop	CRRT?
CRRT is usually stopped when evidence of kidney function recovery is seen in patients; most often,
recovery is assessed by an improvement in urine output, a progressive decline in serum creatinine
levels, and an improvement in measured creatinine clearance The precise level of kidney function
required to allow the discontinuation of renal support has not been established; however, a creatinine
clearance 12 mL/min could be inadequate to allow the discontinuation of renal replacement
therapies In the ATN study, investigators discontinued renal support when the measured creatinine
clearance was 20 mL/min, and it was left to the discretion of the treating physicians when the
range fell between 12 and 20 mL/min
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 1 Urgent indications for CRRT in patients with AKI include volume overload refractory to diuretics,  
hyperkalemia, metabolic acidosis, uremia, and toxic overdose of a dialyzable drug It is preferable 
that CRRT be electively initiated prior to the development of urgent indications

 2 CRRT should be used for hemodynamically unstable patients rather that standard intermittent  
hemodialysis Also, it should be used for AKI patients with acute brain injury or other causes of  
increased intracranial pressure or generalized brain edema

 3 For anticoagulation in CRRT, regional citrate anticoagulation is preferable to heparin
 4 CRRT should be provided with a delivered effluent flow rate of 20 mL/kg per hour, and in order to 

ensure delivery of this flow rate, the prescribed flow rate should be 25 mL/kg per hour The CRRT 
delivered dose should be measured

 5 CRRT should be discontinued when it is no longer required because kidney function has recovered to 
the point that is adequate to meet the patient’s needs; a measured creatinine clearance 20 mL/min 
should allow the discontinuation of CRRT

KEY POINTS
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	 1.	 What	is	hepatorenal	syndrome?
The current definition of hepatorenal syndrome (HRS) updated in 2007 by the International Ascites
Club (IAC) states that it is “a potentially reversible syndrome that occurs in patients with cirrhosis,
ascites and liver failure, consisting of impaired kidney function, marked abnormalities in cardiovascu-
lar function, and intense over-activity of the endogenous vasoactive systems.” It can appear sponta-
neously or follow a precipitating event. It is important to emphasize that HRS is a form of prerenal
acute kidney injury (AKI) not associated with structural changes; a kidney biopsy usually reveals
normal histology.

	 2.	 What	is	the	incidence	and	prevalence	of	HRS?
In 1993, the annual incidence of HRS in patients with cirrhosis and ascites was reported as 8% and the
probability of developing HRS was 18% at 1 year and 39% at 5 years. However, in 2006 a similar study
showed a significantly lower prevalence of disease, with only 7.6% of cirrhotic patients developing HRS
during the study period (40  3 months) and a 5-year probability of developing HRS of 11.4%. These re-
ductions are largely due to the increased recognition of the condition, the advances in the medical manage-
ment of cirrhosis, and the availability of prophylactic antibiotics for spontaneous bacterial peritonitis (SBP).

	 3.	 What	is	the	pathophysiology	of	HRS?	(Fig.	8.1)
• Reduction in the effective arterial blood volume: Hemodynamic changes of significant arterial

vasodilatation occur in advanced cirrhosis, which preferentially localizes in the splanchnic circula-
tion. The pooling of blood in the splanchnic circulation, splanchnic steal syndrome, results
in insufficient blood volume in other vascular compartments, including the systemic circulation,
reducing the effective arterial blood volume.

• Excess renal vasoconstriction: The reduction in effective arterial blood volume activates the
renin-angiotensin-aldosterone system (RAAS) and the sympathetic nervous system, and stimulates
the nonosmostically induced release of vasopressin. The vasoconstrictors decrease renal blood
flow and, consequently, the glomerular filtration rate (GFR).

• Abnormal renal autoregulation in advanced cirrhosis: In cirrhosis, the renal autoregulation
curve, which describes the relationship of mean arterial pressure and renal blood flow, is shifted
to the right. This means that for any given arterial pressure, there is less renal blood flow than
in a healthy individual. The decreased renal blood flow may be due to excess sympathetic drive
seen in cirrhosis. The decreased renal blood flow makes patients with advanced cirrhosis more
susceptible to AKI.

• Portal hypertension: Independent of splanchnic vasodilatation and systemic hemodynamic changes,
increased portal pressure reduces renal blood flow. This is mediated by increased sympathetic
nervous activity and is called the hepatorenal reflex. Insertion of a transjugular intrahepatic portosys-
temic shunt (TIPS) eliminates portal hypertension and increases renal blood flow.

• Abnormal cardiac function in cirrhosis: The presence of systemic arterial vasodilatation in
advanced cirrhosis leads to a hyperdynamic circulation with tachycardia, high cardiac output,
and low systemic vascular resistance. The presence of cirrhotic cardiomyopathy, consisting of
myocardial thickening, diastolic dysfunction at rest, and systolic dysfunction under conditions
of stress, means that the heart is unable to further increase cardiac output in periods of stress
(e.g., sepsis). This lack of a cardiac reserve predisposes to the development of HRS.

	 4.	 What	is	the	clinical	presentation	of	HRS?
HRS is a form of kidney injury, so patients present with increased serum creatinine and low urine
output. Clinically, there are two types of HRS.

 1. Acute or type 1 HRS is characterized by a rapidly progressive kidney failure in a cirrhotic patient
with ascites. It usually develops following a precipitating event but can occur spontaneously.
Patients are usually very ill, with severe jaundice, coagulopathy, and liver failure. Type 1 HRS is
now renamed as AKI-HRS.
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 2. Chronic or type 2 HRS is characterized by moderate kidney failure, with a serum creatinine  
between 1.5 and 2.5 mg/dL. It evolves slowly over weeks to months in patients with ascites  
refractory to diuretics. Patients with type 2 HRS are usually less ill than those with type 1 HRS, 
with a milder degree of jaundice and coagulopathy.

	 5.	 What	factors	can	precipitate	the	development	of	HRS?
Any condition that causes a further reduction of the effective arterial blood volume can precipitate 
HRS (see Fig. 8.1). These include over-diuresis, large-volume paracentesis (5 liters) without intra-
vascular colloid replacement in patients with refractory ascites, and gastrointestinal bleeding. Other 
triggers are conditions that worsen the arterial vasodilatation, such as sepsis (especially SBP) or jaun-
dice due to obstruction in the biliary tree (bile acids are vasodilators).

	 6.	 How	is	HRS	diagnosed?
The diagnostic criteria for HRS were updated by the IAC in 2015. This followed the adaptation of a set  
of uniform nomenclature and diagnostic criteria for AKI. Table 8.1 outlines the diagnosis, staging, and 
definitions of progression/regression of AKI as proposed by the IAC. Using these criteria, AKI is defined as 
an increase in serum creatinine by 0.3 mg/dL in less than 48 hours, or a 50% increase in serum creatinine 
presumed to have occurred in the past 7 days from baseline. Type 1 HRS or AKI-HRS is a special type of 
AKI that is not responsive to volume replacement. The new diagnostic criteria of AKI-HRS as set out in 
2015 modified the previous criteria set by the IAC in 2007. There has to be at least a doubling of serum 
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Figure 8.1. Pathophysiology of hepatorenal syndrome. AKI, Acute kidney injury; AVP, arginine vasopressin; GI, gastroin-
testinal; HRS, hepatorenal syndrome; RAAS, renin angiotensin aldosterone system; SNS, sympathetic nervous system.
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Table 8.1. �Diagnosis,�Staging�and�Assessing�Response�to�Treatment�of�Acute�
Kidney�Injury�in�Patients�With�Cirrhosis�According�to�International�
Ascites�Club

AKI, Acute kidney injury; IAC, International Ascites Club; SCr, serum creatinine.
From Angeli, P., Gines, P., Wong, F., et al. (2015). Diagnosis and management of acute kidney injury in  

patients with cirrhosis: revised consensus recommendations of the International Club of Ascites. Gut, 
64(4):531–537.

PARAMETER DEFINITION

Baseline SCr Stable SCr in  3 months
If not available, a stable SCr closest to the current one
If no previous SCr at all, use admission SCr

Definition of AKI h in SCr  0.3 mg/dL (26.4 µmol/L)  48 h, or h 50% from baseline

Staging Stage 1: h SCr  0.3 mg/dL (26.4 µmol/L) or h SCr  1.5–2.0 X from baseline
Stage 2: h SCr  2.0–3.0 X from baseline
Stage 3: h SCr  3.0 X from baseline, or SCr  4.0 mg/dL (352 µmol/L) with 
an acute h of  0.3 mg/dL (26.4 µmol/L), or initiation of renal replacement 
therapy

Progression Progression of AKI to a higher stage, or need for renal replacement therapy

Regression Regression of AKI to lower stage

Response to  
treatment

None: No regression of AKI
Partial: Regression of AKI stage with a g in SCr to a value  0.3 mg/ dL 
(26.4 µmol/L) above baseline
Complete: g SCr  0.3 mg/dL (26.4 µmol/L) from baseline

creatinine without setting an absolute creatinine level (i.e., 2.5 mg/dL) for the diagnosis. The current
proposed diagnostic criteria for AKI-HRS are:
• Cirrhosis and ascites
• Diagnosis of AKI according to the IAC-AKI criteria
• No reduction in serum creatinine after at least 48 hours of diuretic withdrawal and volume expan-

sion with albumin. The recommended dose of albumin is 1 g/kg body weight/day up to a maximum
of 100 g/day.

• Absence of shock
• No current or recent treatment with nephrotoxic drugs
• No evidence of structural kidney injury defined as:

• Absence of proteinuria (500 mg/day)
• Absence of hematuria (50 red blood cells/high power field)
• Normal kidney ultrasonography

It is possible that patients who fulfill these criteria may still have structural damage, such as
acute tubular necrosis (ATN). Urine biomarkers will become an important element in making a more
accurate differential diagnosis between HRS and ATN.

Urinary electrolyte criteria are not required for the diagnosis of AKI-HRS, and the presence of
infection does not preclude its diagnosis.

	 7.	 Why	was	an	absolute	creatinine	level	removed	from	the	diagnostic	criteria	for	AKI-HRS?
The current diagnostic criteria for AKI-HRS do not specify an absolute creatinine level. Serum creati-
nine is not an accurate measurement in patients with cirrhosis. In cirrhosis, low protein intake, loss of
muscle mass, diminished hepatic synthesis of creatine, and an enlarged volume of distribution, all
lower the serum creatinine irrespective of kidney function. This can delay the recognition of kidney
dysfunction and have a negative impact on patient outcomes. Using a change in serum creatinine
allows an earlier diagnosis of AKI and more timely intervention. This may lead to improved outcomes.

	 8.	 What	is	the	diagnostic	work-up	and	initial	management	of	the	patient	with	cirrhosis	and	AKI?
A trial of diuretic withdrawal, together with intravascular volume replacement should be done, as this
can replenish the effective arterial blood volume. The intravascular volume replacement can be blood if
the patient is anemic or albumin at the dose of 1 g/kg of body weight up to a maximum of 100 g/day.
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The work-up should consist of a full work-up, including blood cultures, chest x-ray, urine and 
sputum cultures, a diagnostic paracentesis to exclude SBP, and the swabbing of any possible  
skin sources of infection. The threshold for starting antibiotics should be low. In order to exclude  
parenchymal kidney disease, the urine should be examined for the presence of protein, blood, and 
casts. An abdominal ultrasound should be performed to exclude small kidneys—indicative of  
parenchymal kidney disease—or structural abnormalities in the kidneys. Postrenal obstruction is an 
extremely uncommon cause of AKI in cirrhosis, and bladder catheterization is usually not done to 
avoid instrumentation-induced infections.

	 9.	 What	is	the	differential	diagnosis	of	acute	kidney	injury	in	the	patient	with	cirrhosis?
  1. Prerenal azotemia is the most common cause of AKI in hospitalized patients with cirrhosis  

(approximately one-third of cases). Common causes are over-diuresis, large-volume paracentesis  
without colloid replacement, or gastrointestinal bleeding. AKI-HRS can be considered a form of prerenal 
azotemia which is not responsive to volume replacement in advanced cirrhosis with liver dysfunction 
and ascites.

  2. Intrinsic kidney failure occurs in approximately one-third of patients with cirrhosis; most commonly 
ATN, although systemic conditions, such as glomerulonephritis, also may be present.

  3. Postrenal failure occurs in 1% of patients in cirrhosis and results from obstruction to the 
passage of urine, as seen in a bladder neck obstruction.

	10.	 Can	biomarkers	assist	in	the	diagnosis	of	AKI-HRS?
See Fig. 8.2A and B

Biomarkers of kidney tubular injury may help with the differential diagnosis of AKI (prerenal azotemia 
ATN or AKI-HRS). Multiple biomarkers, including neutrophil gelatinase-associated lipocalin (NGAL),  
interleukin-18 (IL-18), liver type fatty acid binding protein (l-FABP), and kidney injury molecule-1 (KIM-1), 
have been shown to distinguish structural from functional causes of AKI in numerous clinical settings. 
NGAL performs well in the cirrhotic population, especially in distinguishing between prerenal azotemia, 
non-HRS cases of AKI, AKI-HRS, and ATN with an area under the receiver operating characteristic curve 
of 0.957. A study suggests that combining a panel of these biomarkers is the most accurate way to  
separate structural from functional causes of AKI. These biomarkers are still not readily commercially 
available worldwide. The commercially available biomarker strip, Nephrocheck, has never been tested  
in cirrhosis, and therefore cannot be recommended. In the future, clinicians should be able to diagnose  
ATN versus AKI-HRS early using biomarkers that differentiate these two conditions. Biomarkers may also 
be used to track transition from one type of AKI, such as prerenal azotemia, as it evolves into AKI-HRS 
over time, or to follow the response of the kidneys to treatment.

	11.	 What	is	the	rationale	for	the	various	treatment	options	for	HRS?
Treatments for HRS (mostly for AKI-HRS) are based on correcting the different aspects of pathophysi-
ology of HRS.
• Improving the effective arterial blood volume: Volume expanders
• Reducing arterial vasodilatation: Vasoconstrictors
• Eliminating portal hypertension: TIPS shunt
• Correcting liver dysfunction and portal hypertension: Liver transplantation

	12.	 What	are	some	general	treatment	measures	for	AKI	in	patients	with	cirrhosis?
See Fig. 8.3
• Treat infection
• Discontinue nephrotoxic medications, including nonsteroidal anti-inflammatory drugs
• Discontinue angiotensin-converting enzyme inhibitors and angiotensin receptor blockers. In patients 

with decompensated cirrhosis, the RAAS is vital to maintaining arterial pressure and GFR in the face 
of marked splanchnic and systemic vasodilatation. Inhibition of the RAAS may precipitate hypoten-
sion and deterioration of kidney function.

• Assess and correct effective circulating volume: While excess total body water is present in  
decompensated cirrhosis, it usually extravasates intra-abdominally or into peripheral tissue, and 
patients are still intravascularly deplete.

	13.	 How	is	volume	expansion	used	in	the	treatment	of	AKI-HRS?
Hypoalbuminemia is common in cirrhosis secondary to reduced synthesis, dilution from plasma  
volume expansion, and increased transcapillary escape into extravascular space. In AKI-HRS, albumin 
infusions suppress sympathetic activity; specifically, it causes a decrease in plasma norepinephrine, 
reversing one of the primary abnormalities of cirrhotic pathophysiology.
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Figure 8.2. (A) Nephron localization of kidney injury biomarkers. (B) Tubular damage can be evaluated by urinary biomarkers 
reflecting various pathophysiological mechanisms. AKI, acute kidney injury; alpha GST, Alpha glutathione-s-transferase; 
IGFBP 7, insulin-like growth factor binding protein-7; IL-18, interleukin-18; KIM-1, kidney injury molecule-1; L-FABP, liver type 
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inhibitor of metalloproteinase-2. (From Francoz, C., Nadim, M.K., Durand, F. (2016). Kidney biomarkers in cirrhosis. J Hepatol, 
65(4):809–24.)
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Diagnosis of AKI

Stage 1

Identify, remove and treat
any precipitating factors*

*Precipitating factors
Use of diuretics
Use of nephrotoxic medications 
Gastrointestinal bleeds
Dehydration bacterial infections

Regression of AKI Stable AKI

Progression
of AKI

Response to
treatment

No Yes

Treat as per
AKI etiology

Treat with vasoconstrictors
and albumin

Does patient meet AKI-HRS
diagnostic criteria?

Identify, remove and treat
any precipitating factors*

volume expension with albumin

Progression or
no response

Continue to treat any
precipitating factors

Close follow up
additional treatment

at physician’s discretion

No further treatment
needed

Close follow up

Stage 2 Stage 3

Figure 8.3. Algorithm for the management of acute kidney injury in cirrhosis. AKI, Acute kidney injury; GI, gastrointestinal; HRS, hepatorenal syndrome; NAG, N-acetyl-beta-glucosamide.
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Albumin alone has been shown to be ineffective in the treatment of AKI-HRS. The use of albumin 
plus vasoconstrictor was superior in lowering serum creatinine and reversing AKI-HRS when compared 
to albumin alone or vasoconstrictor alone. However, there was no change in overall patient survival.  
A recent meta-analysis showed that within the group of patients who received vasoconstrictor plus  
albumin, a higher cumulative dose of albumin was associated with a significantly improved 6-month  
survival.

In AKI-HRS, albumin should be given with vasoconstrictors at the dose of 1 g/kg on day 1  
followed by 20 to 40 g/day until vasoconstrictors are withdrawn. Where possible, the albumin  
dose should be titrated according to the level of the central venous pressure of up to 10 cm of water.  
Alternatively, albumin should be reduced or stopped in the presence of intravascular volume overload 
and/or pulmonary edema.

	14.	 Should	renal	vasodilators	be	used	in	the	treatment	of	AKI-HRS?
There is no proven efficacy for renal vasodilators such as low-dose dopamine, prostaglandin E1  
analogues (e.g., misoprostol), or endothelin receptor antagonists in the treatment of AKI-HRS.

	15.	 How	are	systemic	vasoconstrictors	used	in	the	treatment	of	AKI-HRS?
See Fig. 8.3 and Table 8.2. Vasoconstrictors are the mainstay of treatment for patients with AKI-HRS.
• Terlipressin

Terlipressin is a vasopressin analogue, which causes vasoconstriction of the splanchnic vessels, 
thereby correcting one of the fundamental disease processes of cirrhotic pathophysiology. This  
improves the central circulation and reduces renal vasoconstriction. A continuous infusion is better 
tolerated and more effective at lower doses than intravenous boluses.

There are three randomized, controlled trials with 354 patients comparing the effects of
• terlipressin plus albumin versus albumin alone, or
• terlipressin versus placebo with or without albumin in both arms, or
• terlipressin versus placebo with albumin in both arms.

Table 8.2. Pharmacological�Treatment�of�Hepatorenal�Syndrome

HRS, Hepatorenal syndrome; IV, intravenous.

MEDICATION MECHANISM DOSAGE COMMENTS

Midodrine Alpha agonist h blood 
pressure h renal 
perfusion pressure

Start with 5 mg tid and 
titrate to maintain a 
mean arterial pressure 
 70 mm Hg

Used in combination with 
octreotide. Combination is 
inferior to continuous  
infusion of terlipressin.

Octreotide Long-acting analogue 
of somatostatin  
g splanchnic 
vasodilatation

Continuous intravenous 
infusion of 25 µ g stat 
followed by 25 µ g/h; 
or 100 µ g tid 
subcutaneously

Octreotide alone has been 
shown to be ineffective as 
a treatment for HRS.

Vasopressin V1 receptor agonist. 
Vasoconstriction of 
systemic and splanch-
nic circulations

Not commonly used  
because of ischemic  
side effects

Terlipressin Vasopressin analogue 0.5–2 mg q4–6 h IV; or 
continuous intravenous 
infusion at 2–12 mg/day

Less ischemic side  
effects than vasopressin. 
Continuous infusion is  
better tolerated and more 
effective at lower doses 
than IV boluses.

Norepinephrine Alpha, beta-adrenergic 
agonist. Systemic  
vasoconstriction

0.5–3 mg/h Reversal of HRS. No  
significant ischemic side 
effects. Equally efficacious 
as terlipressin.
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Reversal of AKI-HRS was observed in 24% to 44% without overall survival benefit. The AKI-HRS 
reversal rate was low, which was partly related to patients stopping treatment early due to significant 
ischemic side effects or non-reversal of their AKI-HRS. The lack of overall survival benefit may be  
related to the fact that many of patients still had end-stage liver disease, which was one of the  
determinants of their survival. However, the use of terlipressin was able to sufficiently prolong  
patient survival to allow for liver transplant.

A post hoc analysis of the results of one of these studies found that patients with AKI-HRS and 
systemic inflammatory response syndrome (SIRS) at enrolment were more likely to respond to  
terlipressin with reversal of their AKI-HRS. This improved response was noted when compared with 
patients who received terlipressin without SIRS, and those who received albumin plus placebo with  
or without SIRS. Patients who received terlipressin and responded by reversing their AKI-HRS also 
survived better. Terlipressin is used as a first-line agent in AKI-HRS everywhere in the world except 
North America, where it is used only in the context of clinical trials.
• Norepinephrine and midodrine

These are systemic vasoconstrictors that raise systemic arterial blood pressure and improve  
renal perfusion pressure. This leads to decreased renal vasoconstriction and increased GFR. Several 
randomized, controlled trials and a meta-analysis have shown that norepinephrine is as equally  
efficacious as terlipressin. Midodrine in combination with octreotide was inferior to terlipressin  
in reversing AKI-HRS in a randomized, controlled trial. It is popular in North America because  
terlipressin is not commercially available.
• Octreotide

Octreotide is an analogue of somatostatin, a hormone involved in regulation of blood vessel tone in the 
gastrointestinal tract. Octreotide inhibits splanchnic vasodilatation and is used in combination with midodrine 
to treat AKI-HRS. Octreotide alone has not been shown to be effective in the treatment of AKI-HRS.
• N-acetylcysteine

Isolated case reports have suggested the use of N-acetylcysteine (NAC) in combination with  
systemic vasoconstrictors or endothelin-receptor antagonists. This is based on a small case study of 
12 patients with AKI-HRS who showed an improvement in serum creatinine after intravenous infusion 
of NAC, but it is not standard clinical practice at this time.

	16.	 How	is	transjugular	intrahepatic	portosystemic	stent	shunt	used	in	the	treatment	of	AKI-HRS?
TIPS is a prosthesis that can effectively reduce portal pressure. In addition, it returns a significant  
part of the splanchnic vascular volume into the systemic circulation, decreasing the activity of various 
vasoconstrictor systems.

The use of TIPS in the management of AKI-HRS has been shown to lead to an improvement, but 
not normalization, of GFR. The use of vasoconstrictor therapy followed by TIPS insertion in AKI-HRS 
patients was able to normalize kidney function over the course of 12 months with an overall survival 
rate of 50%. The use of TIPS as a treatment for AKI-HRS is falling out of favor, as patients with AKI-HRS 
have advanced liver disease and there are valid concerns about precipitating liver failure if TIPS is  
inserted. Therefore TIPS is of limited use in AKI-HRS and can only be recommended in a very select 
group of patients with AKI-HRS, such as those with significant portal hypertension but minimal liver  
dysfunction.

	17.	 How	is	extracorporeal	albumin	dialysis	used	in	the	treatment	of	AKI-HRS?
Albumin dialysis removes albumin-bound substances, such as cytokines and bile acids, which are also 
systemic vasodilators. Albumin dialysis can filter out creatinine, and artificially reduces the serum creati-
nine without changing the GFR. Clinicians can be lured into a false sense of improvement when there is 
no recovery of kidney function. There are not enough data to accept it as a standard of care for AKI-HRS.

	18.	 How	is	liver	transplantation	used	in	the	treatment	of	HRS?
Liver transplant is the definitive treatment for both AKI-HRS and chronic type 2 HRS. It corrects liver 
dysfunction and eliminates portal hypertension—the two pivotal pathogenetic mechanisms for the  
development of HRS. However, only 50% to 75% of patients with pre-transplant AKI-HRS will achieve 
normal kidney function following transplant, and this reversal to normal kidney function is independent 
of pre-transplant pharmacotherapy and dialysis. Dialysis is frequently started to deal with the  
electrolyte abnormalities and volume overload issues pre–liver transplant. Many studies have  
shown that the longer a patient is on dialysis pre-transplant, the less likely they are to reverse  
kidney dysfunction. Most guidelines suggest that patients should be considered for a combined liver 
and kidney transplant if they have spent a prolonged period on dialysis pre-transplant (8 weeks); 
however, there is no consensus on how long “a prolonged period” is. Liver transplantation reverses 
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chronic type 2 HRS in the majority of patients with survival outcomes comparable to matched  
controls.

For patients with AKI-HRS, overall survival is significantly better for those who recover kidney 
function post-transplant; therefore it is imperative that these patients are offered a timely liver  
transplant. The use of living donor liver transplants appears to provide similar results to cadaveric 
liver transplant donation.

	19.	 Should	dialysis	be	used	for	the	treatment	of	HRS?
Intermittent hemodialysis has been used as a short-term bridge to liver transplantation. However, 
there is no evidence that it increases long-term survival without transplantation. It is not recom-
mended unless there is a reversible component to the liver disease or the patient is listed for liver 
transplant.

	20.	 What	is	the	prognosis	of	HRS?
AKI-HRS is associated with a poor prognosis. Studies show a 2-week mortality of up to 80% in  
untreated AKI-HRS. In chronic type 2 HRS, the kidney function decline is more gradual, but it is also 
associated with a poor prognosis, with a median survival of 3 to 6 months.

	21.	 Are	there	any	scenarios	in	which	AKI-HRS	can	be	prevented?
• SBP: One-third of patients with SBP will develop kidney impairment despite appropriate antibiotic  

therapy. Patients who receive albumin in addition to antibiotics have been shown to have a lower  
incidence of kidney impairment and death compared to those treated with antibiotics alone. The  
benefit was particularly marked in patients with an elevated baseline creatinine 1 mg/dL (88 μmol/L) 
and/or bilirubin 4 mg/dL (68 μmol/L). Patients in this study received intravenous albumin at a 
dose of 1.5 g/kg body weight on day 1, then 1 g/kg body weight on day 3.

• Although antibiotics alone have not been shown to directly reduce the incidence of AKI-HRS,  
primary prophylaxis of SBP with norfloxacin reduces the incidence of SBP, which is a risk factor  
for AKI-HRS.

• Large-volume paracentesis: Removal of large (5 liters) amounts of ascites may precipitate 
post-paracentesis circulatory dysfunction, which can induce kidney failure in up to 20% of  
patients. Giving albumin at a dose of 6 to 8 g/L of ascitic fluid removed has been shown to reduce  
the incidence of kidney failure but not mortality.

• Gastrointestinal bleeds: Prophylactic antibiotics given to patients with gastrointestinal bleeds for  
a duration of 7 days have been shown to reduce the incidence of SBP, which is a recognized risk 
factor for AKI-HRS, especially in Child-Pugh Classes B and C patients.

 1. Hepatorenal syndrome (HRS) is a form of functional acute kidney injury (AKI), which occurs in  
patients with end-stage liver cirrhosis and circulatory dysfunction.

 2. The circulatory dysfunction of end-stage cirrhosis leads to a reduction in effective arterial blood 
volume, which stimulates renal vasoconstriction via the various systemic vasoconstrictor systems, 
predisposing patients to kidney failure.

 3. Any condition that causes a further reduction of the effective arterial blood volume can potentially 
precipitate AKI-HRS. These include sepsis, over-diuresis, large-volume paracentesis (5 liters) 
without intravascular volume replacement, and gastrointestinal bleeding.

 4. In hospitalized patients with cirrhosis, prerenal azotemia is the most common cause of acute  
kidney injury. HRS can be considered a form of prerenal azotemia, which is not volume responsive 
and which is seen exclusively in patients with severe liver dysfunction.

 5. Type 1 HRS has been renamed AKI-HRS.
 6. Pharmacologic treatment (e.g., midodrine and octreotide, terlipressin, norepinephrine) increases 

survival, but the only definitive treatment is liver transplantation.

KEY POINTS
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BACKGROUND

	 1.	 What	does	cardiorenal	syndrome	(CRS)	mean?
The term CRS has been used to define different clinical conditions in which heart and kidney  
dysfunction overlap. A consensus classification of CRS is outlined in Table 9.1.

	 2.	 What	is	CRS	type	1?
CRS type 1 (CRS-1) is when patients have acute worsening of cardiac function that leads to acute 
kidney injury (AKI). This is usually seen with acute decompensated heart failure (ADHF) that follow 
ischemic (acute coronary syndrome, cardiac surgery complications) or non-ischemic (valvular disease, 
pulmonary embolism) heart disease.

	 3.	 Which	pathophysiologic	pathways	are	involved	in	the	development	of	CRS-1?
Hemodynamic mechanisms probably play a major role. With ADHF, decreases in kidney artery blood 
flow result in decreased glomerular filtration rate (GFR). Two patterns have been described for CRS-1: 
cold and warm patients.
 1. In cold patients, severe vasoconstriction from activation of the renin angiotensin-aldosterone  

system (RAAS) and the systemic nervous system, or reduced effective circulating volume  
compromise kidney artery blood flow.

 2. In warm (also described as “wet”) patients, marked increases in central venous pressure (CVP)  
decreases perfusion pressure throughout the kidney. Increased CVP also increases interstitial  
pressure, collapsing the tubules and further lowering GFR.

Patients with a warm hemodynamic profile have pulmonary and/or systemic congestion. The 
warm profile is the most frequent profile in acute and chronic advanced heart failure (HF). The  
cold hemodynamic profile may also have an increased CVP, but kidney perfusion pressure is better 
maintained due to higher arterial blood pressures.

	 4.	 Are	there	any	non-hemodynamic	mechanisms	for	CRS-1?
Non-hemodynamic mechanisms may also be involved in CRS-1, specifically increased reactive  
oxygen species and impaired of nitric oxide production.

Table 9.1. Classification of Cardiorenal Syndrome

TYPE NAME DESCRIPTION EXAMPLE

1 Acute cardiorenal Heart failure leading to acute 
kidney injury (AKI)

Acute coronary syndrome 
leading to acute heart and 
kidney failure

2 Chronic cardiorenal Chronic heart failure leading 
to kidney failure

Chronic heart failure

3 Acute nephrocardiac AKI leading to acute heart 
failure

Uremic cardiomyopathy  
AKI-related

4 Chronic nephrocardiac Chronic kidney disease  
leading to heart failure

Left ventricular hypertrophy 
and diastolic heart failure due 
to kidney failure

5 Secondary Systemic disease leading to 
heart and kidney failure

Sepsis, vasculitis, diabetes 
mellitus
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	 5.	 What	is	the	prevalence	of	CRS-1?
Type 1 CRS occurs in about 25% of patients hospitalized for ADHF; among these patients, chronic
kidney disease (CKD) is quite common and contributes to AKI in 60% of cases. Developing AKI is an
independent risk factor for death in ADHF.

	 6.	 Could	biomarkers	be	helpful	in	type	1CRS	diagnosis?
Many biomarkers have been proposed for the early diagnosis of kidney injury in CRS-1. Cystatin C
represents a valid surrogate to test kidney function and it has been recognized as more predictive of
long-term mortality and rehospitalization for ADHF than serum creatinine or serum brain natriutetic
peptide (BNP). Neutrophil gelatinase-associated lipocalin (NGAL) correlates with kidney function
markers, adverse cardiovascular outcomes, or death in ADHF patients. Type 1 CRS also can be
diagnosed by bioimpedance electrical devices that track total body water. The use of bioimpedance
has demonstrated an association between increased body fluid volume and rehospitalization
and death.

	 7.	 Is	there	a	diagnostic	role	for	ultrasound?
Echocardiography could show abnormal heart function including:
• Abnormal myocardial kinetics (indicating an ischemic condition)
• Left ventricular hypertrophy
• Valvular stenosis
• Valvular regurgitation
• Pericardial effusions
• Aortic aneurysm
• Aortic dissection

The echocardiogram should show normal inspiratory collapse of the inferior vena cava to
exclude severe hypervolemia. Kidney ultrasound usually shows normal or slightly increased kidney
size and increased cortical-to-medullary ratio, and Doppler evaluation will show regular intraparen-
chymal blood flow, often with an increased resistance index (.0.8 cm/s)

	 8.	 What	are	the	main	treatment	approaches	in	CRS-1	patients?
Diuretics, beta blockers, angiotensin-converting enzyme inhibitors, or angiotensin receptor blockers
should be started or maximized in the setting of ADHF. The management of patients with cardiogenic
shock can be challenging because of the limited effectiveness of pharmacological therapy. Among
patients requiring emergency coronary artery bypass graft (CABG) surgery, the in-hospital mortality
rate in Europe and the United States is about 20%, with a high incidence of stroke (8%), kidney failure
requiring dialysis (8.3%), and bleeding (63.3%). Inotropic support remains the central therapy for
depressed myocardium, and correction of the underlying cause, such as ischemia, will improve
outcomes and produce less kidney injury.

	 9.	 How	is	type	2	cardiorenal	syndrome	(CRS-2)	defined?
CRS-2 is characterized by chronic abnormalities in cardiac function leading to kidney injury or
dysfunction. CKD has been observed in 45% to 63% of congestive heart failure (CHF) patients.

	10.	 What	are	the	main	pathophysiologic	pathways	involved	in	CRS-2?
Intrinsic to its definition, CRS-2 is characterized by CKD onset or progression in HF patients, but two
fundamental features are proposed: CHF and CKD are found simultaneously, and CHF is the cause of
the CKD or responsible for its progression. Examples of CRS-2 include cyanotic nephropathy occurring
in patients with congenital heart disease, when heart disease clearly precedes kidney involvement
or acute coronary syndrome leading to left ventricular dysfunction and the onset or progression of
coexisting CKD. The pathophysiological mechanisms of CRS-2 include:
• Neurohormonal activation
• Kidney hypoperfusion
• Venous congestion
• Inflammation
• Atherosclerosis
• Oxidative stress

These mechanisms are operative in recurrent episodes of acute heart and kidney decompensa-
tion associated with HF and CKD progression.

	11.	 Is	there	a	pathophysiological	role	for	the	RAAS?
Patients with decompensated HF and venous congestion often have significant RAAS
activation without decreased circulating volume. Kidneys of HF patients release renin, which
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increases angiotensin II production. Persistent RAAS and sympathetic nervous system (SNS) activation
could contribute to CKD progression.

Angiotensin II production and aldosterone release increase sodium reabsorption leading to
increased blood pressure and volume overload. Increased aldosterone levels also contribute to
glomerular fibrosis due to the up-regulation of transforming growth factor-b (TGF-b) and increased
fibronectin.

Persistent inflammation triggered by cardiac decompensation also promotes CKD progression in CHF.

	12.	 What	about	new	biomarkers	for	the	diagnosis	of	type	2	CRS?
Assessment of kidney injury in chronic HF patients previously has been limited to creatinine,
estimated glomerular filtration rate (eGFR), and urinary protein excretion. Recently, novel kidney
biomarkers (cystatin C, NGAL, kidney injury molecule-1 and N-acetylbeta-glucosamidase) have been
evaluated in CHF patients, and may eventually become effective prognostic markers for CKD and
cardiovascular outcomes.

	13.	 Is	there	a	diagnostic	role	for	ultrasound?
In CRS-2, the kidney ultrasound shows a reduction of cortical thickness, reduced cortico-medullary
ratio, and increased parenchymal echogenicity. Echocardiography may show:
• High atrial volumes and areas as indices of volume overload
• Normal or decreased ejection fraction (EF)
• Right chamber dilation
• Increased pulmonary arterial pressure
• Pericardial effusion
• Valvular disease (calcific disease)

MANAGEMENT

Pharmacological TreaTmenT aPProach

In the treatment of CRS-2, the main issues are:
• Preventing new-onset kidney dysfunction, emerging in a setting of CHF
• Counteract kidney dysfunction once it has developed

Special attention should be paid to several CHF drugs that may worsen kidney function. Diuresis-
associated hypovolemia, the early introduction of RAAS blockade, and drug-induced hypotension may all
contribute to the genesis or aggravation of CRS-2. In patients with a poor response to oral loop diuretics, a
number of strategies can be employed to improve urine output. Loop diuretics can be switched to intrave-
nous (IV) infusions. This removes the problem of erratic bioavalability found in furosemide. Often HF patients
require nearly continuous exposure to a diuretic in order to achieve adequate diuresis. This can be achieved
through increased frequency or a continuous infusion. Adding thiazide diuretics to block distal sodium
resorption can enhance loop diuretic activity. High doses of IV loop diuretics in patients with signs and
symptoms of HF adequately controlled should be lowered because of the side effects:
• Hypokalemia
• Hypotension
• Dysnatremia
• Marked neurohormonal activation
• Kidney impairment

These iatrogenic influences may often account for kidney damage as much as the congestive
nephropathy itself.

UlTrafilTraTion for cardiorenal Syndrome TyPe 2

Isolated ultrafiltration (IUF) in the setting of CRS-2 allows rapid correction of fluid overload when standard
management (high-dose IV diuretics with or without inotrope support) has failed. Current American Heart
Association/American College of Cardiology and the European Society of Cardiology treatment guidelines
establish that IUF is an option (class IIa, level of evidence B and C) if all diuretic strategies have failed. IUF
does not affect electrolytes or significantly reduce urea levels like dialysis or hemofiltration.

	14.	 How	is	type	3	cardiokidney	syndrome	(CRS-3)	defined?
CRS-3 is characterized by acute worsening of kidney function leading to heart disease (Box 9.1).
AKI represents an independent cardiovascular risk factor for mortality in hospitalized patients,
especially in those on renal replacement therapy (RRT).
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Box 9.1. Potential Biomarkers in Acute Kidney Injury

Biomarkers of Acute Kidney Injury, 
Acute Cardiac Dysfunction and Type 3 
Cardiorenal Syndrome
Potential Biomarkers for Early Detection 
of Acute Kidney Injury
NGAL
KIM-1
Cystatin C
IL-18
NAG
L-FABP
Netrin-1
Klotho
Midkine
TIMP-2
IGFBP-7

Potential Biomarkers for Differential  
Diagnosis of Acute Kidney Injury
KIM-1
IL-18

Potential for Prognosis of AKI
NGAL
Cystatin C
NAG

Potential Biomarkers for Inflammation and 
Immune Response
Urinary IL-18
TNFR-1
VCAM-1
CP-1

Early Detection of Acute Cardiac  
Dysfunction
BNP/NT-proBNP
cTnT, cTnI
Myoglobin
MPO
CRP
H-FABP

BNP/NT-proBNP, Brain natriuretic peptide/N-terminal (NT)-proBNP; CRP, C-reactive protein; H-FABP, human heart fatty acid binding
protein; IGFBP-7, insulin-like growth factor-7; IL-18, interleukin-18; KIM-1, kidney injury molecule-1; L-FABP, liver-type fatty
acid-binding protein; MCP-1, monocyte chemoattractant protein-1; MPO, myeloperoxidase; NAG, N-acetyl-(D)-glucosaminidase;
NGAL, neutrophil gelatinase-associated lipocalin; TIMP-2, tissue inhibitor of metalloproteinase-2; TNFR-1, tumor necrosis factor
receptor-1; VCAM-1, urinary vascular cell adhesion molecules-1.

AKI can occur in all hospitalized patients but is especially prevalent in:
• Patients over age 65
• Patients with infections
• Underlying cardiovascular disease
• Hepatic cirrhosis
• Respiratory distress
• Chronic HF
• Hematologic neoplasia
• Intensive care unit (ICU) patients (mainly due to sepsis, major surgery, hypovolemic status with low

cardiac output, HF).

	15.	 What’s	the	epidemiology	of	CRS-3?
AKI may occur in 70% of ICU patients. From 5% to 25% of ICU patients develop severe AKI with
mortality rates ranging from 50% to 80%.

ADHF, defined as new-onset, gradual or rapid worsening of preexisting HF with signs and
symptoms requiring immediate therapy, represents the most common etiology of acute cardiac
dysfunction syndrome.

Cardiac valvular disease, atrial fibrillation, arterial hypertension as well as noncardiac
comorbidities (kidney dysfunction, diabetes, anemia) and medications (especially nonsteroidal anti-
inflammatory drugs and glitazones) can contribute to ADHF development. According to the Acute
Decompensated Heart Failure National Registry database, kidney dysfunction increases mortality in
ADHF patients from 1.9% in those with mild kidney disease to 7.6% in those with severe kidney
dysfunction. Other adverse prognostic factors are a low EF, low systolic blood pressure, hyponatremia,
older age, and elevated C-reactive protein (CRP) levels. AKI leads to heart dysfunction, which then
decreases perfusion of the kidney, which further compromises cardiac function in a self-perpetuating
cycle of cardiac and kidney failure.

	16.	 How	can	AKI	directly	affect	heart	function?
Pathophysiological interactions between kidney and heart in AKI are called “cardiorenal connectors,”
which include immune modulation (both pro- and antiinflammatory cytokines and chemokines),
sympathetic nervous system, RAAS activity, and activation of the coagulation cascade.
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Circulating levels of tumor necrosis factor-alpha (TNFa), interleukin-1 (IL-1) and interleukin-6 
(IL-6), increase immediately after experimental kidney ischemia and, together with other cytokines as 
well as interferon-alfa (IFN-a), have direct cardiodepressant effects, such as a reduction in the left 
ventricular EF and elevation of the left ventricular end diastolic and systolic volumes and areas.  
Cytokines can decrease myocardial contractility directly or by interacting with the extracellular  
matrix to cause negative inotropic effects. Cellular mechanisms involve secondary mediators, such  
as sphingolipids, arachidonic acid, and alterations in intracellular calcium.

Hyperactivity of the SNS with abnormal secretion of norepinephrine is found in AKI and impairs 
myocardial activity in several ways:
• Direct norepinephrine effect
• Impairment in Ca21 metabolism
• Increased myocardial oxygen demand with potential evolution to myocardial ischemia
• b1-adrenergic mediated apoptosis of myocardial cells
• Stimulation of a1 receptors
• Activation of RAAS
• Angiotensin II promotion of cellular hypertrophy and apoptosis.

Increased RAAS activity could be accountable for diminished coronary response to adenosine, 
bradykinin, and L-arginine. Other animal models exemplify how the inflammatory cascade of AKI  
can contribute to altered permeability of lung vessels, resulting in interstitial edema and micro- 
hemorrhage mediated by inflammatory mediators and altered expression of epithelial sodium channel 
and aquaporin-5.

	17.	 How	can	AKI	indirectly	decrease	heart	function?
As kidney function declines, it can result in significant pathophysiological derangement, leading to 
cardiac injury. AKI can lead to fluid overload causing hypertension, pulmonary edema, and myocardial 
injury. Electrolyte imbalances, primarily hyperkalemia, can cause arrhythmias and sudden death.  
Acidemia can worsen pulmonary vasoconstriction, increased right ventricular afterload, and contribute 
to a negative inotropic effect. Uremia itself can directly decrease myocardial contractility and promote 
pericardial effusions and pericarditis.

In response to systemic and kidney hemodynamic changements, baroceptor and intrarenal  
chemoceptors lead to SNS and RAAS activation.

	18.	 What	is	the	role	for	ultrasound	in	the	diagnosis	of	CRS-3?
Kidney size and echogenicity are the primary features that distinguish acute from chronic kidney 
damage. Of note, enlarged kidneys can be seen in some forms of CKD (e.g., early stages of diabetic 
nephropathy, HIV-related glomerulonephritis, or cast nephropathy). A hyperechogenic kidney cortex 
with low corticomedullary ratio is predictive of CKD.

The echocardiographic pattern is not diagnostic of CRS-3. It may show increased atrial volumes 
or areas as indices of volume overload, pleural or pericardial effusions.

	19.	 How	do	you	manage	type-3	CRS?
The strategy to manage these patients depends on the stage of AKI.

Patients at high risk of developing AKI. Special care should be taken to avoid AKI. This should 
include avoiding or minimizing nephrotoxic medications and procedures. Preventing hypoperfusion, 
volume depletion, or volume overload is a cornerstone of avoiding AKI. This is especially important in 
patients with higher filling pressures and signs of right heart dysfunction due to increased preload. 

Stage 1 (risk). In addition to the above recommendations, these patients should get a urine 
analysis, routine blood tests, biomarkers, and a kidney ultrasound to investigate the etiology and to 
correct problems. Close monitoring and supportive care should also be provided.1

Stage 2 (injury). Stage 2 patients are characterized by high risk of morbidity/mortality due to 
kidney injury. In addition to conservative therapy, these patients should receive functional hemody-
namic monitoring to guide resuscitation, especially pulse pressure variation in ventilated patients.  
Attention should be paid to the maintenance of electrolytes and acid-base homeostasis. Drug dosing 
may need to be altered due to the decreased renal clearance.

Stage 3 (failure). At this stage patient are at a high risk of death and have a high probability of 
extrarenal complications, including CRS. RRT may be needed to provide clearance or to avoid life- 
threatening complications. The prevention of left ventricular volume overload is critical to maintain  
adequate cardiac output and systemic perfusion. Continuous infusion of furosemide may be needed  
to establish and maintain diuresis. Combining loop diuretics with thiazide diuretics will also increase  
efficacy.
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RENAL REPLACEMENT THERAPY

Once pharmacological treatment fails in AKI patients and oligo-anuric kidney failure is established, RRT 
should be started. The timing of RRT initiation is a point of debate, with some arguing for a survival  
advantage from starting dialysis early. The largest randomized controlled trials (RCT) to date was unable to 
demonstrate a survival advantage. RRT may be initiated in response to electrolyte and acid-base imbal-
ance, hypercreatininemia, and severe fluid overload that is unresponsive to pharmacological treatment.

RRT can be stopped when improvement in kidney function is clear as pointed out by increased urine 
output or decreased serum creatinine levels in patients with constant continuous renal replacement  
therapy (CRRT) dose. A urine output of more than 400 mL/day or a creatinine clearance of 15 to 20 mL/min 
could allow CRRT withdrawal.

CRRT and intermittent hemodialysis (IHD) both present pros and cons; when correctly applied, both 
CRRT and IHD can achieve good metabolic control. In randomized, controlled trials and meta-analyses, 
CRRT seems to be associated with more frequent kidney recovery in critically ill patients. 

Together with CRRT and IHD therapies, some “hybrid therapies” have been proposed, such as  
sustained low-efficiency (daily) dialysis (SLED) and extended daily dialysis in which IHD techniques are 
adapted to provide longer dialysis sessions.

Some clinical trials have not found any difference between SLED and continuous veno-venous  
hemofiltration in terms of cardiovascular stability and mortality rates, but SLED seems to be associated 
with a shorter duration of mechanical ventilation.

Concerning the RRT dose, large multicenter, randomized, controlled trials have found no advantage to 
doses higher than 20 to 30 mL of effluent/kg per hour. Clinicians should tailor RRT therapy of critically ill 
patients to provide the ideal blood purification treatment.

	20.	 What	is	the	definition	of	type-4	cardiorenal	syndrome	(CRS-4)?
CRS-4, also called chronic renocardiac disease, is characterized by cardiovascular involvement in  
patients affected by CKD at any stage. Kidney dysfunction is an independent risk factor for  
cardiovascular disease with higher mortality for myocardial infarction and sudden death in CKD.

	21.	 What	is	the	incidence	and	prevalence	of	CRS-4?
All patients with CKD are at increased risk of cardiovascular outcomes. This was shown in a meta-
analysis by Tonelli et al that looked at 1.4 million patients and found higher mortality rates as eGFR 
declined, with the odds ratio going from 1.9 to 2.6 to 4.4 for eGFRs of 80, 60, and 40 mL/min,  
respectively. The single largest epidemiological study to look at this was done by Go et al. on over  
1 million people. They found elevated cardiovascular risk in patients with K/DOQI stage IIIb–IV CKD,  
as well as patients undergoing RRT (hemodialysis, peritoneal dialysis, and transplant). 

The Chronic Renal Insufficiency Cohort (CRIC) Study investigators focused their attention on  
190 patients with stage III to end-stage kidney disease (ESKD) and performed serial echocardiograms. 
Over the 2-year evaluation period, during which patients shifted from stage 5 to ESKD, EF dropped 
from 53% to 50%, and the fraction of patents with an EF less than 50% increased by a fifth.

	22.	 Pathophysiology	of	CRS-4	role	of	risk	factors	and	CKD	comorbidities
CRS-4 shows close interactions between CKD and cardiovascular involvement. CKD can indirectly  
(exacerbating ischemic heart disease) and directly (pressure and volume overload leading to left  
ventricular hypertrophy) contribute to heart disease.2 Left ventricular hypertrophy is highly prevalent 
in patients starting hemodialysis and is associated with subsequent hospitalizations for HF. Left  
ventricular hypertrophy results from comorbid conditions, such as hypertension and calcific valvular 
disease, which are particularly prevalent in hemodialysis and pre-dialysis patients. Hyperphosphate-
mia and secondary hyperparathyroidism can cause calcification of coronary vessels and valves due  
to osteoblastic transformation of vascular smooth muscle cells. Hypertension itself can contribute to 
vascular calcification. CKD patients, especially those undergoing dialysis, are prone to arrhythmias, 
especially atrial fibrillation and ventricular tachyarrhythmias.

Almost half of cardiovascular deaths in ESKD are related to cardiac arrhythmia or sudden death. 
An increased risk for sudden death is associated with prolonged dialytic intervals in subjects under-
going thrice-weekly hemodialysis treatment. This may be due to large shifts of electrolytes and fluids.

In the CRIC study, atrial fibrillation had a prevalence of 18%.
Volume overload is common in CKD due to anemia plus sodium and water retention, and it can 

be exacerbated by hemodialysis vascular access.
Chronic inflammation, insulin resistance, and lipid abnormalities also contribute to cardiovascu-

lar disease in CKD patients.
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	23.	 What	are	the	main	available	diagnostic	tools	in	CRS-4?
Cardiac function is widely assessed by N-terminal (NT)-proBNP serum levels, while eGFR represents 
the primary biochemical test to evaluate kidney function.

Kidney ultrasound shows features of CKD, such as thin and hyperechogenic cortex with the  
reduced corticomedullary ratio.

Echocardiography reveals signs of volume overload, and left and right ventricular dysfunction, 
especially in ESKD and hemodialysis patients. Increased atrial volumes and pleural or pericardial  
effusion suggest volume overload. It is quite common to describe valvular calcifications (related to 
secondary hyperparathyroidism) and signs of right heart dysfunction, such as high pulmonary artery 
pressure, low tricuspid annulus plane systolic excursion, or right chamber dilation.

	24.	 How	should	CRS-4	patients	be	managed?
The Irbesartan Diabetic Nephropathy Trial study was designed to evaluate renoprotective effects  
of irbesartan versus amlodipine or placebo in type 2 diabetes. The results showed that the irbesar-
tan group had a lower incidence of HF compared to the amlodipine or placebo groups. The use of  
carvedilol together with ACE inhibitors or ARBs is associated with better cardiovascular and kidney 
outcomes in dialysis patients with dilated cardiomyopathy. Although the Evaluation of Cinacalcet  
Hydrochloride Therapy to Lower Cardiovascular Events study did not meet its primary end-point, 
the investigators did note a reduction in the first HF episode with cinacalcet in ESKD patients.  
Di Lullo et al. found that treating pre-dialysis patients with sevelamer chloridrate (1600 mg/day), a 
calcium-free phosphate binder, reduced cardiac valve calcifications and delayed kidney function 
decline was observed. However, Bellasi et al. found an increase in cardiac calcification and no 
change in CKD progression with the use of phosphorus binders in pre-dialysis patients. (54.5)  
Dyslipidemia represents another potential target in managing cardiovascular complications in CKD 
patients. The Study of Heart and Renal Protection (SHARP) trial was the largest trial on statin use in 
CKD patients and showed a significant benefit with the combination of simvastatin and ezetimibe 
on major atherosclerotic events, although all-cause mortality was not improved.

	25.	 What	is	type-5	CRS?
CRS-5 occurs when cardiac and kidney injury occur simultaneously. This can be seen in sepsis, where 
heart and kidney are involved secondary to a common underlying pathological trigger.

	26.	 What	is	the	pathophysiology	of	CRS-5?
The pathophysiology of CRS-5 depends on the underlying disease. Acute CRS-5 results from systemic 
processes: for example, sepsis, infections, drugs, toxins, and connective tissue disorders, such as  
lupus, granulomatosis with polyangiitis, and sarcoidosis. The temporal course of the development of 
CRS-5 is variable. For example, in sepsis-induced acute CRS-5, there is a fulminant disease process 
with an acute impact on both the kidney and heart. On the other hand, in cirrhosis, CRS-5 has a more 
insidious onset, and the kidney and cardiac dysfunction may develop slowly until a crucial point is 
reached and full decompensation occurs.

The development of CRS-5 can be divided into four categories:
 1. Hyper-acute, 0 to 72 hours after diagnosis
 2. Acute, 3 to 7 days
 3. Sub-acute, 7 to 30 days
 4. Chronic, over 30 days

Pathophysiological changes in sepsis-related CRS-5 depend on the systemic effects of sepsis, 
and from cross-talk between the damaged heart and kidney. In early stages of sepsis microcirculatory 
perfusion derangements are found despite normal systemic hemodynamics, and they strongly  
correlate with morbidity and mortality rates. 

Sepsis-associated cardiomyopathy represents one of the main predictors of mortality in septic 
patients. Both the left and right ventricles can be injured with dilation and decreased EF, and are often 
unresponsive to fluid and catecholamine therapy. Septic cardiomyopathy, when severe, can mimic 
cardiogenic shock, but it is usually reversible. Myocardial blood flow and oxygen consumption do  
not seem involved in the pathophysiology of septic cardiomyopathy. Proinflammatory mediators and 
complement factors have been proposed as crucial actors in the development of cardiac involvement 
during sepsis.

In sepsis-associated AKI, there are clear signs of intraparenchymal blood flow compromise  
independent of systemic hemodynamic changes linked to the septic process. Recent experimental  
animal data have demonstrated increased kidney vascular resistance and early rises in pro- 
inflammatory cytokines (IL-6) and oxidative stress markers in animals that later went on to AKI.
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Sepsis affects the autonomic nervous system (ANS), RAAS, and hypothalamus-pituitary-adrenal 
axis independently, each of which can impact cardiac and kidney function. The severity of ANS  
dysfunction correlates with morbidity and mortality. Autonomic dysfunction can be assessed by  
observing decreased heart rate variability, often associated with the release of inflammatory  
biomarkers such as IL-6, IL-10, and CRP.

During combined heart and kidney dysfunction, as in sepsis, several cellular and molecular 
changes occur in both tissues. The activation and induction of cytokines (TNF-a and IL-6) and 
leukocytes (macrophages, neutrophils, and lymphocytes) are well documented in both the heart and 
kidney. Myocardial contractility is decreased due to altered muscle protein expression. Increased  
secretion of lipopolysaccharide during sepsis alters bicarbonate transport, leading to abnormalities  
in urine acidification. Lipopolysaccharide also modifies megalin, a glomerular protein leading to  
increased albuminuria and intrarenal inflammation.

	27.	 Are	there	CRS-5	specific	biomarkers?
A recent review has pointed out some characteristic biomarkers whose elevation is typical during  
the septic process: lipopolysaccharide binding protein, pro-calcitonin, CRP, and proinflammatory  
cytokines (IL-6, TGF-b).

The assessment of cardiac function in CRS-5 is similar to other clinical situations with myocardial 
dysfunction. Natriuretic peptides and troponins provide information about cardiac chambers (especially 
the left cardiac chambers) and myocardial cells damage. In early stages of the septic process there is a 
low-output myocardial involvement; after starting fluid therapy, the clinical picture shifts to stereotypical 
distributive shock, which is characterized by increased cardiac output and systemic vasodilatation.

The diagnosis of kidney involvement in sepsis-related CRS-5 overlaps with other forms of AKI,  
relying primarily on acute changes in serum creatinine as defined by Risk, Injury, Failure, Loss and End 
stage (RIFLE), Acute Kidney Injury Network (AKIN), and Kidney Disease: Improving Global Outcomes 
(KDIGO) criteria.

	28.	 How	should	CRS-5	patients	be	managed?
The primary goal of managing type-5 CRS is maintaining hemodynamic stability and tissue perfusion. 
Fluid therapy must be carefully managed to avoid fluid overload and other iatrogenic complications.

Since inflammation and immune disorders play an important role in the pathogenesis of sepsis, 
the removal of cytokines and immunomodulation can be obtained with high permeability membranes, 
although it is yet to be determined if this translates into better patient outcomes. To manage heart 
complications, IV fluids, together with vasopressors, vasodilators, and inotropes, may be required to 
maintain filling pressures. Vasopressors must be carefully administered because of the depressive  
effects on cardiac output. Levosimendan is a novel inotrope with some benefits in decompensated  
HF: for example, increasing stroke volume, heart rate, and coronary blood flow, while decreasing  
systemic vascular resistance, systolic blood pressure, wedge pressure, pulmonary artery pressure, 
and myocardial oxygen consumption. It has been shown to improve symptoms and BNP, although its  
efficacy is still unproven in CRS-5. Renal support includes the removal and avoidance of nephrotoxins, 
the maintenance of adequate perfusion, and, if indicated, early intervention with RRT. There is no  
role for dopamine for improving kidney hemodynamics. Likewise, fenoldopam has not shown  
improved outcomes in AKI. Norepinephrine decreases kidney perfusion in normal conditions but  
increases systemic blood pressure in septic patients, while vasopressin increases diuresis and GFR  
in septic patients.

RRT with CRRT should be started, when indicated, to control metabolite concentrations and fluid 
status.

 1. CRS-1 usually presents in the setting of an acute cardiac disease such as ADHF and it can follow 
an ischemic (acute coronary syndrome, cardiac surgery complications) or non-ischemic (valvular 
disease, pulmonary embolism) heart disease. 

 2. Cystatin C represents a valid surrogate to test kidney function and it has been recognized as being 
more predictive of long-term mortality and re-hospitalization for ADHF than serum creatinine or  
serum BNP. 

 3. Diuretic resistance can be suspected when the urine output is relatively poor (e.g., ,1000 mL/
day), in spite of the maximal tolerated oral dose of a loop diuretic (for example, 250 mg of furose-
mide per day), and in the presence of signs and symptoms of refractory hydrosaline retention. 

KEY POINTS
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 4. BNP/NT proBNP ratio is the best diagnostic and prognostic marker in patients with acute kidney  
injury.

 5. Increased risks of sudden death appear to be particularly related to longer dialytic intervals in  
subjects undergoing thrice-weekly hemodialysis treatment because of extreme shifts of electrolytes 
and fluids.

BiBliograPhy

Bellasi, A., Ferramoscam E., Rattim, C., et al. (2012). Cardiac valve calcification is a marker of vascular disease in prevalent 
hemodialysis patients. J Nephrol. 25(2):211–218.

Bellomo, R., Kellum, J. A., & Ronco, C. (2012). Acute kidney injury. Lancet, 380, 756–766.
Bongartz, L. G., Cramer, M. J., Doevendans, P. A., Joles, J. A., & Braam, B. (2005). The severe cardiorenal syndrome:  

“Guyton revisited.” European Heart Journal, 26(1), 11–17.
Celes, M. R., Prado, C. M., & Rossi, M. A. (2013). Sepsis: Going to the heart of the matter. Pathobiology, 80(2), 70–86.
Cruz, D. N., Fard, A., Clementi, A., Ronco, C., & Maisel, A. (2012). Role of biomarkers in the diagnosis and management of 

cardio-renal syndromes. Seminars in Nephrology, 32(1), 79–92.
Di Lullo, L., Floccari, F., Granata, A., D’Amelio, A., Rivera, R., Fiorini, F., . . . Timio, M. (2012). Ultrasonography: Ariadne’s 

thread in the diagnosis of cardiorenal syndrome. Cardiorenal Medicine, 2(1), 11–17. doi:10.1159/000334268.
Di Lullo, L., Floccari, F., Rivera, R., Barbera, V., Granata, A., Otranto, G., . . . Ronco, C. (2013). Pulmonary hypertension and 

right heart failure in chronic kidney disease: New challenge for 21st-century cardionephrologists. Cardiorenal 
Medicine, 3, 96–103.

Di Lullo, L., Floccari, F., Santoboni, A., Barbera, V., Rivera, R. F., Granata, A., . . . Russo, D. (2013). Progression of cardiac 
valve calcification and decline of renal function in CKD patients. Journal of Nephrology, 26(4), 739–744.

Di Lullo, L., Rivera, R., Barbera, V., Bellasi, A., Cozzolino, M., Russo, D., . . . Ronco, C. (2016). Sudden cardiac death and 
chronic kidney disease: From pathophysiology to treatment strategies. International Journal of Cardiology, 217, 16–27.

Go, A.S., Chertow, G.M., Fan, D., et al. (2004). Chronic kidney disease and the risks of death, cardiovascular events, and 
hospitalization. N Engl J Med. 351(13), 1296–1305.

Kajstura, J., Cigola, E., Malhotra, A., Li, P., Cheng, W., Meggs, L. G., & Anversa, P. (1997). Angiotensin II induces apoptosis 
of adult ventricular myocytes in vitro. Journal of Molecular and Cellular Cardiology, 29(3), 859–870.

Lassus, J. P., Nieminen, M. S., Peuhkurinen, K., Pulkki, K., Siirilä-Waris, K., Sund, R., Harjola, V. P.; FINN-AKVA study group. 
(2010). Markers of renal function and acute kidney injury in acute heart failure: Definitions and impact on outcomes of 
the cardiorenal syndrome. European Heart Journal, 31, 2791–2798.

Lemm, H., Dietz, S., Janusch, M., & Buerke, M. (2017). Use of vasopressors and inotropics in cardiogenic shock. Herz, 
42(1), 3–10.

Lewis, E. J., Hunsicker, L. G., Clarke, W. R., Berl, T., Pohl, M. A., Lewis, J. B., . . . Collaborative Study Group. (2001).  
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients with nephropathy due to type 2  
diabetes. New England Journal of Medicine, 345(12), 851–860.

Palmer, S.C., Mavridis, D., Navarese, E., et al. (2015). Comparative efficacy and safety of blood pressure-lowering agents 
in adults with diabetes and kidney disease: a network meta-analysis. Lancet, 385(9982), 2047–2056.

Prabhu, S. D. (2004). Cytokine-induced modulation of cardiac function. Circulation Research, 95(12), 1140–1153.
Remuzzi, G., Cattaneo, D., & Perico, N. (2008). The aggravating mechanisms of aldosterone on kidney fibrosis. Journal of 

the American Society of Nephrology, 19(8), 1459–1462.
RENAL Replacement Therapy Study Investigators, Bellomo, R., Cass, A., Cole, L., Finfer, S., Gallagher, M., . . . Su, S. (2009). 

Intensity of continuous renal-replacement therapy in critically ill patients. New England Journal of Medicine, 361, 
1627–1638.

Schmidt, H., Hoyer, D., Hennen, R., Heinroth, K., Rauchhaus, M., Prondzinsky, R., . . . Werdan, K. (2008). Autonomic  
dysfunction predicts both 1- and 2-month mortality in middle-aged patients with multiple organ dysfunction syndrome. 
Critical Care Medicine, 36(3), 967–970.

Uchino, S., Kellum, J. A., Bellomo, R., Doig, G. S., Morimatsu, H., Morgera, S., . . . Beginning and Ending Supportive  
Therapy for the Kidney (BEST Kidney) investigators. (2005). Acute renal failure in critically ill patients: A multinational, 
multicenter study. Journal of the American Medical Association, 294, 813–818.

Wu, V. C., Wang, C. H., Wang, W. J., Lin, Y. F., Hu, F. C., Chen, Y. W., . . . NSARF Study Group. (2010). Sustained low- 
efficiency dialysis versus continuous veno-venous hemofiltration for postsurgical acute renal failure. American 
Journal of Surgery, 199, 466–476.

http://dx.doi:10.1159/000334268


78

MEDICATIONS
Bryan M. Tucker and Mark A. Perazella 

CH
AP

TE
R 

10

DRUGS COVERED

	1.	 Nonsteroidal	antiinflammatory	drugs	(NSAIDs)
	2.	 Angiotensin-converting	enzyme	(ACE)	and		

angiotensin-receptor	blocker	(ARB)
	3.	 Sodium	phosphate
	4.	 Pamidronate	and	zoledronate
	5.	 Proton	pump	inhibitors	(PPIs)
	6.	 Checkpoint	inhibitors	(CPI)	chemotherapy
	7.	 Antiangiogenesis	drugs
	8.	 Cisplatin
	9.	 Braf	inhibitors

	10.	 Intravenous	immune	globulin	(IVIG)
	11.	 Tenofovir
	12.	 Vancomycin	+	piperacillin/tazobactam
	13.	 Ciprofloxacin
	14.	 Topiramate
	15.	 Crystalline	nephropathy
	16.	 Metformin
	17.	 Bath	salts
	18.	 Dialyzability
	19.	 Contrast

	 1.	 What	classic	syndromes	involving	the	kidneys	are	associated	with	NSAIDs?
NSAIDs	are	well	described	to	cause	a	number	of	clinical	syndromes	involving	the	kidneys	many	which	
are	related	to	decrease	in	prostaglandin	production	by	the	kidneys.	Whereas	others	are	idiosyncratic,	
those	associated	with	NSAIDs	include:
•	 Acute	kidney	injury	(AKI)
•	 Hyponatremia
•	 Hyperkalemia
•	 Hypertension
•	 Edema/congestive	heart	failure	(CHF)

	 2.	 What	are	the	clinical	scenarios	where	ACE	inhibitors	and	ARBs	are	likely	to	cause	AKI?
Any	clinical	circumstance	where	perfusion	to	the	kidney	is	impaired	will	cause	a	decline	in	glomerular		
filtration	rate	(GFR)	and	AKI	by	inducing	efferent	arteriolar	vasodilatation	through	blockade	of	angiotensin	II	
production	or	receptor	binding.	Clinical	scenarios	include:
•	 Disease	states	associated	with	hypotension
•	 Decreased	blood	volume	(i.e.,	diuretics,	diarrhea,	vomiting,	etc.)
•	 Decreased	effective	circulating	blood	volume	(i.e.,	CHF,	cirrhosis,	nephrotic	syndrome,	etc.)
•	 Critical	renal	artery	stenosis
•	 Treatment	with	medications	such	as	NSAIDs,	calcineurin	inhibitors	(CNIs),	and	vasoconstrictors

The	typical	scenario	is	that	the	GFR	continues	to	decline	with	ACE	inhibitor/ARB	therapy	and	
does	not	stabilize	until	drug	withdrawal	or	correction	of	the	underlying	disease	process.	Stabilization	
of	kidney	function,	without	hyperkalemia	or	hypotension,	with	continued	ACEi/ARB	therapy	is	likely		
associated	with	beneficial	effects	on	both	the	heart	and	the	kidneys.

	 3.	 What	are	the	major	adverse	effects	on	the	kidney	of	ACE	inhibitors	and	ARBs?
ACE	inhibitors	and	ARBs	are	associated	with	AKI	and	hyperkalemia.	These	effects	are	due	to	inhi-
bition	of	angiotensin	II	production	by	ACE	inhibitors	or	competitive	antagonism	of	the	angiotensin	
II	receptor	by	ARBs.	This	results	in	loss	of	angiotensin	II–induced	efferent	arteriolar	tone,	leading	
to	a	drop	in	glomerular	filtration	fraction	and	GFR.	The	efferent	arteriolal	vasodilation	reduces		
intraglomerular	hypertension	(and	pressure-related	injury)	and	maintains	perfusion	(and	oxygenation)	
of	the	peritubular	capillaries.	Hyperkalemia	occurs	due	to	reduced	adrenal	aldosterone	synthesis	
from	decreased	angiotensin	II	production/receptor	binding.	AIN	is	a	rare	complication	of	ACE		
inhibitors.

•	 Acute	interstitial	nephritis	(AIN)
•	 Minimal	change/membranous	nephropathy
•	 Acute	papillary	necrosis
•	 Uroepithelial	malignancies

The	following	factors	increase	the	risk	for	APN:
•	 Preexisting	CKD
•	 Concomittant	diuretic	or	ACE-I	use
•	 Older	age

•	 Female	sex
•	 Volume	depletion
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	 4.	 What	are	risk	factors	for	the	development	of	acute	phosphate	nephropathy	(APN)?
Oral	sodium	phosphate-containing	purgatives	used	for	colonoscopy	preparation	can	cause	both	acute
and	chronic	kidney	disease	(CKD).	The	acute	form	is	called	APN.	The	following	factors	increase	risk	for
development	of	APN.	It	is	notable	that	two-thirds	of	patients	that	developed	APN	had	three	or	more	of
these	risk	factors.	APN	may	resolve	or	progress	to	CKD.

	 5.	 What	are	the	histopathologic	lesions	associated	with	APN?
The	hallmark	of	APN	is	abundant	tubular	and	less	prominent	interstitial	calcium	phosphate	deposits.
Greater	than	30	calcifications	and	sometimes	greater	than	100	calcifications	per	tubular	profile	may
be	seen.	The	calcifications	form	basophilic	rounded	concretions,	are	mainly	confined	to	the	distal
tubules	and	collecting	ducts,	and	are	prominent	in	the	kidney	cortex.	The	calcifications	do	not	polarize
and	have	a	strong	histochemical	reaction	with	the	von	Kossa	stain,	indicating	that	they	are	composed
of	calcium	phosphate.	Acute	tubular	degenerative	changes	and	interstitial	edema	are	seen	with	early
lesions.	Biopsies	performed	more	than	3	weeks	after	exposure	to	sodium	phosphate	exhibit	chronicity
(tubular	atrophy/interstitial	fibrosis).	Acute	and/or	chronic	tubulointerstitial	nephropathy,	reminiscent
of	changes	seen	in	nonresolving	acute	tubular	necrosis	(ATN),	may	be	present.	There	may	also	be	an
association	between	PPI’s	and	hyponatremia	via	SIADH.	But	due	to	the	paucity	of	data	and	the	many
confounding	variables,	causation	has	not	been	demonstrated.

	 6.	 What	lesions	in	the	kidneys	can	be	caused	by	pamidronate	and	zoledronate?
The	bisphosphonates	have	been	described	to	cause	a	couple	of	lesions	involving	the	kidneys.	High-
dose	pamidronate	causes	collapsing	focal	and	segmental	glomerulosclerosis	(FSGS)	and	minimal
change	lesion,	along	with	some	tubular	injury.	In	contrast,	high-dose	zoledronate	causes	a	pure
tubular	injury	pattern	with	severe	ATN.	These	agents	target	epithelial	cells,	visceral	epithelial	cells
with	pamidronate,	and	tubular	epithelial	cells	with	zoledronate.

	 7.	 What	syndromes	involving	the	kidneys	are	associated	with	PPIs?
PPIs,	regardless	of	class,	can	cause	AIN.	Hyponatremia,	likely	the	result	of	SIADH,	is	less	common.
Most	PPIs	are	metabolized	predominantly	by	hepatic	CYP450	enzymes,	in	particular	CYP3A4	and
CYP2C19.	PPIs	can	cause	CNI	toxicity	due	to	their	effects	to	reduce	CNI	metabolism	by	these	2	CYP450
enzymes.	Hypomagnesemia	is	another	complication	of	PPIs.	This	is	due	to	reduced	GI	absorption	rather
than	magnesium	loss	via	the	kidneys.	A	reduction	in	TRPM-6/7	function,	which	are	magnesium	pores
in	apical	membranes	of	gastrointestinal	(GI)	epithelial	cells,	lead	to	this	effect.	Discontinuation	of	the
PPI	generally	reverses	GI	magnesium	wasting.

	 8.	 Are	PPIs	associated	with	CKD?
PPIs	are	widely	used	and	maintain	a	fairly	good	safety	profile;	however,	recent	observational	evidence
has	described	an	association	of	PPI	use	with	a	variety	of	risks,	including	hip	fractures,	cardiovascular
events,	pneumonia,	Clostridium	difficile	infection,	and	most	recently	CKD	and	end-stage	kidney	disease
(ESKD).	Higher-dose	PPI	use	was	associated	with	a	greater	incident	risk	of	CKD,	an	association	that
remained	significant	with	a	time-varying	model.	The	duration	of	PPI	use	was	also	significantly
associated	with	incident	CKD	and	ESKD.	One	can	hypothesize	that	CKD	and	ESKD	occurring	in	the
setting	of	chronic	PPI	use	is	due	to	unrecognized	(and	untreated)	AIN,	which	then	transitions	into	chronic
interstitial	nephritis.	However,	little	is	known	beyond	the	epidemiological	observation	of	association.
Therefore	the	precise	mechanism	as	well	as	whether	PPI	therapy	itself	is	causative	is	unclear.

	 9.	 Are	CPIs	associated	with	AKI?
The	immune	system	has	the	capacity	to	differentiate	self	from	foreign	invaders	by	the	use	of	“checkpoints,”
which	allow	cellular	communication	via	cell	surface	receptors	on	T	cells.	Cancer	cells	use	tumor	products
acting	via	checkpoints	to	deactivate	T	cells.	Ipilimumab,	a	CTLA-4	antibody,	was	the	first	CPI	approved	by
the	Food	and	Drug	Administration	(FDA).	Thereafter,	immune-related	adverse	events	were	observed	in	many
organ	systems.	Kidney	toxicity	from	ipilimumab	is	rare	but	has	been	associated	with	granulomatous	AIN.	This
was	attributed	to	a	steroid	responsive	autoimmune	mechanism.	The	CPIs,	nivolumab	and	pembrolizumab,
which	are	antiprogrammed	cell	death	protein	1	(PD1)	antibodies,	have	also	been	associated	with	AIN.
Nephritogenic	drugs	(NSAIDs,	PPIs)	may	prime	drug-specific	effector	T-cells	and	then	the	drug-induced
inhibition	of	the	PD-1	pathway,	resulting	in	a	loss	of	tolerance	and	AIN.	An	alternate	hypothesis	is	that	PD-1
inhibition	causes	a	loss	of	T-cell	self-tolerance,	resulting	in	a	general	autoimmune	disease	in	the	kidney.

	10.	 What	adverse	effects	on	the	kidneys	can	be	caused	by	antiangiogenesis	drugs	such	as	bevacizumab,
sorafenib,	and	sunitinib?
Drugs	that	target	the	angiogenesis	pathway	are	important	in	treatment	of	certain	malignancies.	However,
a	number	of	adverse	effects	involving	the	kidneys	have	been	described.	The	two	most	common	are
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hypertension	and	proteinuria,	which	appear	to	be	the	result	of	vascular	endothelial	growth	factor
(VEGF)	deficiency.	In	the	vasculature,	VEGF	maintains	vasodilatation	through	the	nitric	oxide	pathway.
Hypertension	results	when	the	antiangiogenesis	drugs	disrupt	this	pathway.	VEGF	has	a	role	in	main-
taining	healthy	glomerular	endothelial	cell	function	as	well.	Thus	a	common	adverse	event	is	the
development	of	proteinuria.	Rarely,	if	microvascular	injury	is	significant	and	is	not	repaired,	thrombotic
microangiopathy	(TMA)	can	develop.	AIN	have	also	been	described	with	sorafenib	and	sunitinib.
Tyrosine	kinase	inhibitors	(sorafenib,	sunitinib,	axitinib,	etc.)	have	been	associated	with	direct	podocyte
toxicity,	leading	to	minimal	change	disease/collapsing	FSGS	lesions,	which	contrasts	the	TMA
lesion	observed	with	anti-VEGF	drugs	(bevacizumab,	aflibercept).	This	direct	podocyte	injury	is	thought
to	result	from	an	upregulation	of	c-mip	(c-maf-inducing	protein),	which	disrupts	intracellular	signaling
in	podocytes.

	11.	 How	does	cisplatin	cause	AKI	and	proximal	tubule	injury?
Cisplatin	is	a	platinum-based	agent	whose	nephrotoxicity	is	thought	related	to	the	chloride	in	the	cis
position.	Cisplatin	gains	entry	into	tubular	cells	via	uptake	by	the	OCT-2	system	on	the	basolateral
membrane	of	proximal	tubular	cells.
•	 Cellular	apoptosis/necrosis	develops	due	to	endoplasmic	reticulum-induced	stress,	mitochondrial

injury	pathways,	and	a	death	receptor	pathway.
•	 Normal	cell-cycle	regulation	is	disrupted	by	cisplatin,	leading	to	tubular	apoptosis	and	kidney	injury.
•	 Cisplatin-induced	DNA	damage	activates	p53,	which	through	various	intracellular	signals	promotes

cell	apoptosis.
•	 Cisplatin	stimulates	production	of	reactive	oxygen	species	and	oxidative	stress	by	depleting	and

inactivating	glutathione	and	other	related	antioxidants.
•	 Cisplatin	induces	both	inflammation	and	vascular	injury,	which	further	promotes	kidney	injury.

In	addition	to	AKI,	cisplatin	causes	proximal	tubulopathy,	salt	wasting,	loss	of	urinary	concentrating
ability,	and	magnesium	wasting.

	12.	 Do	BRAF	(v-Raf	murine	sarcoma	viral	oncogene	homolog	B)	inhibitors	cause	AKI?
BRAF	is	a	protooncogene	 involved	in	cell	signaling	that,	when	mutated,	has	been	associated	with
development	of	a	number	of	other	malignancies.	Vemurafenib	is	associated	with	ATN,	which	can	be
associated	with	proteinuria	(~500	g/day),	and	usually	resolves	with	drug	discontinuation.	Reintroduction
with	dose	reduction	may	cause	recurrent	AKI.	Vemurafenib-induced	nephrotoxicity	may	also
include	Fanconi	syndrome	and	Sweet	syndrome	(also	called	acute	febrile	neutrophilic	dermatosis;
it	is	an	uncommon	skin	condition	characterized	by	fever	and	inflamed	or	blistered	skin	and	mucosal
lesions).	Dabrafenib	is	associated	with	a	lower	incidence	of	AKI,	although	when	combined	with
trametinib,	an	mitogen-activated	protein	kinase	kinase	(MEK)	inhibitor,	AKI	incidence	increases.	The
manifestations	involving	the	kidneys	are	more	commonly	seen	with	dabrafenib	are	hyponatremia,
hypokalemia,	and	hypophosphatemia.	BRAF	inhibitor–induced	AKI	causes	both	tubular	and	interstitial
damage.

	13.	 How	do	IVIG	and	intravenous	(IV)	hydroxyethyl	starch	(HES)	cause	AKI?
IVIG	preparations	are	stabilized	with	sucrose	(vs.	maltose	and	glucose),	which	can	cause	“osmotic
nephropathy.”	Similarly,	the	plasma	expander	HES	also	causes	“osmotic	nephropathy.”	In	fact,	large
prospective	sepsis	trials	comparing	HES	with	other	plasma	expanders	demonstrate	that	HES	use	was
associated	with	excess	AKI,	increased	renal	replacement	therapy,	and	mortality.	Sucrose	and	HES	are
both	filtered	by	the	glomerulus	and	then	endocytosed	by	proximal	tubular	cells.	Once	inside	the	cells,
they	are	transported	to	lysosomes	and	can	not	be	degraded.	The	cells	become	swollen	with	enlarged
lysosomes,	which	can	cause	tubular	obstruction.	Also,	as	the	cells	are	injured,	they	detach	from
the	basement	membrane	and	are	released	into	the	tubular	lumens.	Risk	factors	include	kidney
impairment	and	high	doses.

	14.	 How	is	tenofovir	(TDF)	excreted	by	the	kidneys,	and	how	is	it	related	to	the	drug’s
nephrotoxicity?
TDF	causes	AKI	and	Fanconi	syndrome.	TDF	damages	the	proximal	tubule.	It	enters	the	proximal
tubular	cells	via	the	basolateral	circulation	and	is	then	transported	into	the	intracellular	space	via	the
human	organic	anion	transporter	(OAT).	It	is	subsequently	secreted	into	the	urinary	space	via	efflux
transporters	such	as	multidrug-resistant	protein-2	(MRP-2).	Endogenous	substances	and	drugs
compete	for	the	MRP-2	efflux	transporter,	impairing	TDF	excretion	and	leading	to	higher	intracellular
concentrations.	A	single	nucleotide	polymorphism	of	the	MRP-2	gene	(loss-of-function	mutation)
increases	the	risk	for	Fanconi	syndrome.	Mitochondrial	injury	is	the	major	cause	of	the	proximal
tubulopathy	associated	with	high	intracellular	TDF	concentrations.
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	15.	 Do	vancomycin	and	piperacillin-tazobactam	cause	AKI?
Vancomycin	is	an	antibiotic	that	inhibits	cell	wall	synthesis	in	gram-positive	bacteria.	The	incidence
of	vancomycin-induced	nephrotoxicity	is	highly	variable,	ranging	from	,1%	to	.40%,	depending	on
the	population	studied,	dosing	regimens,	event	under/overreporting,	and	the	definitions	employed.
Risk	factors	for	vancomycin-induced	AKI	include	increased	exposure	of	the	kidneys	to	vancomycin
from	higher	doses	or	higher	trough	levels	(.20	mg/L)	and	underlying	CKD.	Piperacillin-tazobactam	is
an	antibiotic	combination	containing	an	extended-spectrum	beta	lactam	with	b-lactamase	inhibitor.
Retrospective	studies	demonstrate	a	significant	increase	in	serum	creatinine	(incidence	30%),	with
the	combination	of	vancomycin	and	piperacillin-tazobactam.	This	may	reflect	pseudo-nephrotoxicity,	a
situation	where	piperacillin	competes	with	creatinine	for	uptake	by	the	OAT	in	the	proximal	tubule.
This	effect	would	raise	serum	creatinine	and	lead	to	a	diagnosis	of	AKI.	True	AKI	may	also	result	from
either	AKI	or	AIN.

	16.	 What	are	risk	factors	for	ciprofloxacin-associated	crystalline	nephropathy?
While	AIN	is	the	most	common	cause	of	AKI	with	ciprofloxacin,	crystalluria	does	occur.	The	drug	is
insoluble	at	alkaline	pH.	Ciprofloxacin	causes	crystalluria	when	the	urine	pH	is	greater	than	7.3,
especially	with	higher	drug	doses.	AKI	develops	within	2	days	to	2	weeks	of	exposure	and	urinalysis
reveals	crystals,	which	are	strongly	birefringent	and	show	a	wide	array	of	appearances,	including
needles,	sheaves,	stars,	fans,	butterflies,	and	other	unusual	shapes.	Needle-shaped	birefringent
crystals	are	seen	within	the	tubules	on	biopsy.	Ciprofloxacin	crystalline	nephropathy	should	be
considered	as	a	cause	of	AKI	in	elderly	patients	with	impaired	kidney	function,	volume	depletion,
and	urine	pH	.	6.0.	Prevention	includes	dose	adjustment	for	GFR	and	volume	repletion.

	17.	 What	is	the	adverse	effect	of	topiramate	on	the	kidney	and	what	is	the	underlying	pathomechanism?
Topiramate	is	an	antiseizure	drug	that	is	also	used	to	prevent	migraine	headaches.	Nephrolithiasis	was
noted	at	a	higher-than-expected	rate	in	patients	treated	with	this	medication,	raising	the	possibility	of	a
drug-related	complication.	It	was	subsequently	shown	that	topiramate	acts	as	a	carbonic	anhydrase
inhibitor	and	causes	a	defect	in	hydrogen	secretion	in	both	the	proximal	tubule	and	collecting	duct.	This
is	a	drug-induced	type	1	and	type	2	renal	tubular	acidosis	(RTA).	These	abnormalities	produce	an
alkaline	urine	and	promotes	the	formation	of	calcium	phosphate	stones.

	18.	 What	other	drugs	cause	crystalline-induced	nephropathy?
AKI	from	drug-induced	crystalline	nephropathy	requires	the	presence	of	a	significant	amount	of
drug	crystal	within	tubular	lumens	that	favor	crystal	insolubility	in	a	low	urinary	flow	state.	This	is
accomplished	by	supersaturation	of	constituent	molecules,	low	or	high	urine	pH	(depending	on	the
drug),	volume	depletion,	and	the	absence	of	urinary	inhibitors	of	crystallization.	Sulfadiazine	causes
crystalline	nephropathy	or	nephroliths	in	the	setting	of	hypoalbuminemia,	volume	depletion,	acid
urine,	and	high	drug	doses.	Prevention	and/or	treatment	are	directed	at	correcting	hypovolemia	and
alkalizing	the	urine.	Acyclovir	can	precipitate	in	the	setting	of	hypovolemia,	rapid	IV	bolus	adminis-
tration,	and	with	excessive	dosing.	IV	fluids	and	slower	IV	administration	are	employed	to	prevent/
reduce	the	occurrence.	IV	methotrexate	and	its	metabolites	can	precipitate	within	the	tubules
when	given	in	high	doses,	with	acid	urine,	and	in	the	setting	of	hypovolemia.	Prevention	includes
aggressive	alkaline	IV	fluids	and	induction	of	high	urine	flow	rates.	When	AKI	develops,	in	addition
to	leucovorin	rescue,	drug	removal	can	be	achieved	with	prolonged	high-flux	hemodialysis	(HD)	or
drug	metabolism	with	carboxypeptidase	G.

	19.	 What	is	the	risk	of	lactic	acidosis	with	metformin	therapy	in	patients	with	acute	or	CKD?
Metformin	can	be	rarely	associated	with	lactic	acidosis,	with	an	incidence	of	3	to	10	per	100,000
person-years.	Metformin	binds	to	complex	I	of	the	mitochondrial	respiratory	chain,	inhibiting	oxidative
phosphorylation	and	thereby	increasing	the	proportion	of	uncoupled	respirations.	This	leads	to
increased	glycolysis	and	glucose	uptake	and	shuts	off	gluconeogenesis	in	the	liver.	Because	oxidative
phosphorylation	is	inhibited,	pyruvate	is	shunted	to	lactate	instead	of	acetyl	CoA	in	order	to	restore
the	NAD1	needed	for	glycolysis.	If	metformin	levels	get	too	high,	the	lactate	can	increase	to	clinically
significant	levels	and	cause	metformin	associated	lactic	acidosis	(MALA).	The	greatest	risk	factor	for
MALA	is	impaired	kidney	function.	The	FDA	recently	relaxed	use	in	certain	patients	with	diminished
kidney	function	based	on	its	favorable	safety	profile.	The	prior	contraindication	of	a	serum	creatinine
$1.5mg/dL	in	males	and	$1.4mg/dL	in	females	was	updated	to	a	genderless,	GFR-based	definition
of	,30mL/min.	The	FDA	does	not	recommend	starting	metformin	in	patients	with	an	eGFR	of	30	to
45	mL/min,	but	does	support	continuing	metformin	if	drug	was	started	at	an	eGFR	.45	mL/min	and
the	patient’s	kidney	function	gradually	declines	to	an	eGFR	30	to	45	mL/min.	However,	kidney	function
should	be	monitored	frequently.	MALA	is	reversible	with	drug	discontinuation	and	improvement	of
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kidney	function,	but	has	been	associated	with	fatalities.	In	cases	of	overdose,	HD	should	be	considered	
to	remove	metformin	and	correct	the	underlying	acidosis.

	20.	 Are	bath	salts	and	spice	associated	with	AKI?
Bath	salts,	which	are	cathinones,	contain	3,4-methylenedioxypyrovalerone	and	4-methylcathinone	
(mephedrone),	which	give	users	a	feeling	of	euphoria,	alertness,	and	increased	sexual	arousal.	AKI	is	
reported	with	bath	salts,	most	often	due	to	pigment-associated	ATN	in	the	setting	of	rhabdomyolysis.	
It	is	unclear	whether	AKI	results	from	a	direct	nephrotoxic	drug	effect,	pigment-related	tubular	injury,	
or	an	ischemic	tubular	insult.	Spice	is	a	synthetic	cannabinoid	with	clinical	presentations	ranging	from	
euphoria	to	psychosis.	The	active	ingredient,	d9THC,	binds	to	the	cannabinoid	receptor	1	in	the	central	
nervous	system,	modulating	GABAergic	and	glutaminergic	transmission.	While	there	is	variability	in	the	
type	of	AKI	syndromes,	the	majority	is	due	to	ATN.	Nearly	25%	of	AKI	patients	may	need	temporary		
dialysis.	Urine	metabolites	may	damage	kidney	tubules	and	cause	AKI.

	21.	 What	factors	determine	if	a	drug	is	effectively	removed	by	extracorporeal	therapies?
There	are	clinical	situations	where	an	overdose	or	intoxication	with	certain	drugs	warrants	removal	
with	an	extracorporeal	therapy	such	as	hemodialysis	(HD)	or	continuous	venovenous	hemofiltration	
(CVH).	Efficient	drug	removal	by	extracorporeal	therapies	is	determined	primarily	by:
•	 Drug	characteristics	associated	with	efficient	removal

Small	molecular	weight	(,10,000	Da)
Limited	protein	binding	(,50%)
Small	volume	of	distribution	(,1.0	L/kg,	which	suggests	the	drug	is	limited	to	the	plasma	space	or	

extracellular	space)
Water	versus	lipid	solubility

•	 Dialyzer	characteristics	associated	with	efficient	clearance
Large	surface	membrane
Large	pore	size
High	blood	flow	rates
High	dialysate	flow	rates

Examples	of	drugs	efficiently	removed	by	HD	include	the	toxic	alcohols,	lithium,	metformin,		
theophylline,	and	salicylates.	CVVH	is	inferior	to	HD	due	to	its	low	drug	clearance,	which	is	primarily	
determined	by	the	lower	blood	flow	rates	and	dialysate	flow	rates	employed	with	this	extracorporeal	
modality.	CVVH	does	have	a	role	to	treat	drug	rebound	following	HD	for	drugs	such	as	lithium,		
metformin,	and	methotrexate.

	22.	 What	is	the	risk	for	development	of	AKI	following	exposure	to	IV	and	intraarterial	contrast	agents?
Refer	to	Chapter	14	on	Contrast-Induced	Nephropathy

•	 Hypertension	and	proteinuria	are	the	most	common	adverse	effects	on	the	kidneys	of	the		
antiangiogenesis	inhibitors	(bevacizumab,	sorafenib,	sunitinib),	which	target	the	vascular		
endothelial	growth	factor	signaling	pathway.

•	 The	proton	pump	inhibitors	are	associated	primarily	with	acute	interstitial	nephritis	(AIN);	however,	
less	common	adverse	effects	involving	the	kidneys	include	hyponatremia,	impaired	calcineurin	inhibitor	
metabolism,	and	hypomagnesemia,	and	may	increase	the	risk	of	incident	chronic	kidney	disease.

•	 Checkpoint	inhibitors	(ipilimumab,	nivolumab,	pembrolizumab)	are	a	group	of	antineoplastic	agents	
aimed	at	activating	a	person’s	immune	system	to	remove	cancerous	cells	that	can	cause	immune-
mediated	interstitial	nephritis.

•	 Synthetic	cannabinoids,	also	known	as	spice,	is	a	drug	of	abuse	that	is	associated	with	severe	
acute	kidney	injury	related	to	acute	tubular	necrosis	(ATN),	AIN,	and	acute	oxalate	nephropathy.

•	 Bath	salts,	also	called	synthetic	cathinones,	are	associated	with	ATN	usually	in	the	setting	of		
rhabdomyolysis,	although	an	exact	mechanism	of	tubular	injury	has	not	been	elucidated.

•	 BRAF	(v-Raf	murine	sarcoma	viral	oncogene	homolog	B)	is	a	protooncogene	that,	when	mutated,	
leads	to	a	variety	of	malignancies;	hence	BRAF	inhibitors,	vemurafenib	and	dabrafenib,	are	effective	
cancer	treatment	options	but	associated	with	AKI	from	ATN	and	electrolyte	abnormalities,	respectively.

•	 Crystalline-induced	nephropathy	can	occur	with	a	variety	of	medications	(ciprofloxacin,	sulfadia-
zine,	acyclovir,	methotrexate),	and	the	management	is	primarily	aimed	at	correcting	volume	deficits	
and	creating	a	more	soluble	environment	to	prevent	precipitation.

KEY POINTS
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	 1.	 How	is	sepsis-associated	acute	kidney	injury	(SA-AKI)	defined?
SA-AKI is characterized by the simultaneous presence of AKI (based on a consensus definition such
as the Acute Kidney Injury Network [AKIN] or Kidney Disease Improving Global Outcomes [KDIGO]
criteria; see Chapter 10) and the 2016 consensus criteria for sepsis (defined as life-threatening organ
dysfunction caused by a dysregulated response to infection). Causes of AKI not related to sepsis (e.g.,
nephrotoxic drugs or rhabdomyolysis) should be ruled out. However, there is no standardized method
for distinguishing SA-AKI from other causes of AKI, and in many cases the cause of AKI may be
multifactorial and thus difficult to attribute to sepsis.

	 2.	 What	are	the	key	epidemiologic	aspects	of	AKI	in	the	setting	of	sepsis?
Sepsis is common among intensive care unit (ICU) patients with a prevalence ranging from 8.2% to
35.3% of all ICU patients. Sepsis is becoming more common. A recent large study in the United States
showed an increase of 8.7% of sepsis as the primary diagnosis from the previous year. However, the
overall sepsis-associated mortality rate appears to be decreasing (between 18% and 25%). Sepsis is
associated with significant deleterious effects on outcomes:
• Extended mechanical ventilation
• Prolonged hospitalization
• Secondary infections
• Increased long-term mortality

Although the etiology of AKI in patients who are critically ill is often multifactorial, sepsis has
consistently been found to be an important, if not the most important, contributing factor. Several
studies have shown that approximately 40% to 50% of patients with AKI on presentation to an ICU
have concomitant sepsis and that up to 64% of patients who are critically ill with a diagnosis of
severe sepsis or septic shock have concomitant AKI.

	 3.	 Does	the	degree	of	sepsis	determine	the	incidence	and	severity	of	AKI?
In contrast to AKI, sepsis syndrome has benefited from the development of a consensus-driven standardized
definition for more than 20 years. This definition was modified to reflect advances in the pathobiology,
management, and epidemiology of sepsis. In this new schema, sepsis is defined as “life-threatening organ
dysfunction caused by a dysregulated host response to infection.” Organ dysfunction is best identified as an
acute change in the total Sequential Organ Failure Assessment score $2 points, which reflects an overall
mortality risk of approximately 10%. Septic shock is the most severe form of sepsis with profound cellular,
metabolic, and hemodynamic abnormalities that include hypotension (requiring vasopressors), as well as
elevated serum lactate levels. Septic shock is associated with mortality rates over 40%.

While there are no studies assessing the incidence of AKI utilizing the new definition of sepsis, prior
studies have shown that there is a stepwise increase in the severity of AKI in patients who are stratified by
the severity of sepsis. For instance, in one study, the incidence and severity of AKI, defined by the AKIN
criteria, increased markedly when stratified by sepsis severity. Furthermore, as patients progress from sepsis
to severe sepsis to septic shock, the incidence of AKI that requires dialysis also increased. See Table 11.1.

Definitions:
• Sepsis: criteria for systemic inflammatory response syndrome (SIRS) with suspected or present

source of infection. SIRS criteria:
• Temperature .38°C or ,36°C
• Heart rate .90/min
• Respiratory rate .20/min or PaCO2 , 32 mm Hg
• White blood cell count .12,000/mm3, ,4000/mm3 or .10% bands

• Severe Sepsis: sepsis plus organ dysfunction, hypotension, or hypoperfusion as defined by:
• Lactic acidosis
• Systolic blood pressure ,90
• Systolic blood pressure drop $40 mm Hg of normal

• Septic Shock: severe sepsis with hypotension despite adequate fluid resuscitation
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	 4.	 What	is	the	timing	of	AKI	resulting	from	sepsis?
AKI in sepsis is usually evident at the time of ICU admission or develops early in the illness course. In 
a multicenter study of patients who were critically ill presenting with septic shock, investigators found 
64% had AKI within 24 hours of developing shock.

	 5.	 When	should	physiologic	derangements	in	sepsis	be	corrected?
In 2001, a seminal paper from Rivers et al. demonstrated that timely intervention, called “early  
goal-directed therapy” (EGDT), for the treatment of severe sepsis and septic shock improved 
outcomes. In particular, treatment goals for improving tissue oxygenation, such as central venous 
pressure (CVP), mean arterial blood pressure (MAP), central venous oxygen saturation (ScvO2), and 
blood lactate concentration, were achieved as a protocolized bundle within 6 hours after presentation. 
These measures were codified as the surviving sepsis care bundles:

 a. To be completed within 3 hours:
 i. Measure lactate level
 ii. Obtain blood cultures prior to administration of antibiotics
 iii. Administer broad-spectrum antibiotics
 iv. Administer 30 mL/kg crystalloid solutions for hypotension or serum lactate $4 mmol/L
 b. To be completed within 6 hours:
 i. Add vasopressors (for hypotension refractory to initial fluid resuscitation) to maintain  

MAP $ 65 mm Hg
 ii. In the event of persistent arterial hypotension despite volume resuscitation (shock) or initial  

serum lactate $4 mmol/L:
 1. Measure CVP with goal of $8 mm Hg
 2. Measure ScvO2 with a goal of $70%
 iii. Re-measure serum lactate if initial serum lactate was elevated (goal is normalization of lactate)

Since the institution of this bundle, the prognosis for patients with sepsis has improved, and 
one study demonstrated a fall in in-hospital mortality of 59%. However, in 2014, two studies (the 
PROCESS and ARISE studies) raised uncertainties regarding the efficacy of protocol-based EGDT in 
contributing to improvements in mortality. In the ARISE study, in critically ill patients presenting to the 
emergency department with early septic shock, EGDT did not reduce all-cause mortality at 90 days. 
In the PROCESS study, protocol-based resuscitation of patients in whom septic shock was diagnosed 
in the emergency department did not improve outcomes as well. A third study in 2015 reached a 
similar conclusion that EGDT did not lead to improvements in outcome but was also associated with 
increased costs. Importantly, in all three of these studies, the majority of patients met the goals of 
the 3-hour bundle, highlighting the importance of rapid antibiotic administration and fluid 
resuscitation, and downgrading the benefits of hemodynamic targets, such as CVP and ScvO2.

	 6.	 What	is	the	role	of	resuscitation	strategies	on	the	incidence	of	AKI	in	patients	with	septic	shock?
In the ProCESS trial, the development of AKI was common (approximately 38%) and was not influenced 
by protocolized resuscitation compared with usual care. Furthermore, the duration of AKI and the need 
for dialysis did not differ between the protocolized care and usual care groups. Of note, 60-day hospital 
mortality was 6.2% for patients without AKI, 16.8% for those with stage 1, and 27.7% for stages 2 to 3. 
Thus, while AKI is common in patients with septic shock and is associated with significant mortality, its 
rates and outcomes do not appear to be influenced by resuscitation protocols.

	 7.	 Is	there	an	optimal	fluid	management	approach	for	patients	with	AKI	and	sepsis?
Several studies have addressed whether various intravenous fluids are superior to one another in the 
treatment of patients with sepsis. These trials have compared albumin, normal (0.9%) saline, various 
starches, and a balanced pH solution (such as lactated ringers or in various combinations). The bottom 

INCIDENCE OF AKI AKI REQUIRING DIALYSIS

Sepsis 4.2% 24%

Severe sepsis 22.7% 39%

Septic shock 52.8% 89%

Table 11.1. Incidence of Acute Kidney Injury That Requires Dialysis

AKI, Acute kidney injury.
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line from trials is that volume expansion with normal (0.9%) saline is either associated with similar if
not better outcomes than other intravenous solutions. Of note, the various starch solutions have been
associated with an increased incidence of AKI and poor outcomes, and should be avoided. Thus, a
reasonable initial approach for volume resuscitation in the patient with sepsis is to initiate therapy with
intravenous normal (0.9%) saline, and if the patient develops a metabolic acidosis associated with a
high chloride load, then switch to a more balanced pH solution, such as Lactated Ringer’s.

	 8.	 What	are	the	demographic	characteristics	of	AKI	resulting	from	sepsis?
Observational data have found SA-AKI occurs more commonly among elderly patients and females when
compared with non-septic AKI. Patients with SA-AKI are also more likely to have a higher burden of
preexisting comorbid disease when compared with patients with non-septic AKI. In particular, patients
with SA-AKI have a higher prevalence of congestive heart failure, chronic obstructive pulmonary disease,
chronic kidney disease (CKD), liver disease, diabetes mellitus, active malignancy, and immune system
compromise. Positive blood cultures are associated with a significantly higher risk of developing AKI
(37% vs. 29%) and delays in administering antibiotics further increase the risk of developing AKI.

Patients with SA-AKI have been shown across a range of observational studies to have higher
rates of oliguria, despite having received more fluid therapy and/or diuretic therapy when compared
with patients with non-septic AKI or those with sepsis only. Consequently, these patients are more
likely to accumulate fluid and develop a positive fluid balance early in their clinical course. Data have
accumulated to suggest significant fluid accumulation is associated with worse clinical outcome in
patients who are critically ill with AKI and should be avoided.

	 9.	 What	are	the	hemodynamic	factors	that	play	a	role	in	the	development	of	septic	AKI?
• In SA-AKI, multiple and overlapping mechanisms lead to AKI. These include: alterations in systemic

and kidney hemodynamics, cellular injury, and immune and inflammatory mediator-induced injury.
• Hemodynamically, sepsis is associated with decreased peripheral vascular resistance, maldistribution

of tissue blood flow, and profound abnormalities in the microcirculation. These abnormalities lead to a
heterogeneous distribution of tubular cell injury that can be quite variable in severity. Mechanistically,

several mechanisms contribute to alterations in regional renal blood flow: (1) increases in renal
vascular resistance; (2) capillary (micro-circulatory) occlusion due to platelet activation, fibrin
deposition, and leukocyte aggregation along with endothelial cell swelling; (3) increases in vascular
permeability that within an encapsulated organ, such as the kidney, which lead to interstitial edema,
venous congestion, and alterations in transmural pressures; (4) changes in nitric oxide production;
and (5) imbalances between vasodilators and vasoconstrictors resulting in more pronounced
vasoconstriction and redistribution of regional blood flow

	10.	 What	are	the	non-hemodynamic	factors	that	occur	in	sepsis	that	can	lead	to	AKI?
 a. Inflammatory mediators (cytokines [such as interleukin-6 and -10], vasoactive substances, arachi-

donic acid metabolites) are released during sepsis and may have a significant pathogenic role.
 b. Apoptosis (programmed cell death) occurs in response to immune-mediated cell injury. In contrast,

tubular necrosis caused by ischemia also happens in sepsis. There is now good evidence to show
that human kidney tubular cells die by apoptosis and necrosis in experimental models of acute
ischemic and toxic kidney injury.

 c. Endothelial cell dysfunction may also lead to ischemia.
 d. Activation of coagulation pathways may impair renal microcirculatory blood flow.
 e. Reactive oxygen species, proteases, elastases, myeloperoxidase, and other enzymes are released

from activated immune cells and damage tubular cells.

	11.	 What	are	the	histopathologic	findings	associated	with	AKI	resulting	from	sepsis?
There is no consistent or typical kidney histopathologic pattern, and the fall in glomerular filtration rate
(GFR) is often much greater than would be anticipated from the bland histology observed. In part,
this is a result of a lack of data, because kidney biopsies are not typically performed in these critically
ill patients. Acute tubular necrosis may be seen in some cases and is simply the end-result of
overlapping ischemic and immune-mediated injury to the tubules.

	12.	 What	are	the	urinary	findings	in	AKI	resulting	from	sepsis?
The urinary findings are highly variable in this setting. Studies have shown either a high or low
fractional excretion of sodium or urea and either high or low urinary osmolalities. This wide range of
findings likely reflects the timing of the urine studies in relation to the amount of irreversible injury
versus hemodynamic factors (i.e., the fractional excretion of sodium may be initially low when the
mechanism of AKI results from vasoconstriction but may be elevated in the setting of tubular injury).
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The most common findings on urine microscopic examination are granular (“muddy brown”) 
casts that represent shedding and degradation of tubular cells. However, the absence of these casts 
does not exclude the diagnosis of AKI.

	13.	 What	are	the	outcomes	associated	with	sepsis-associated	AKI?
Patients with septic AKI have a mortality rate of approximately 70% compared to 20% for patients 
with severe sepsis, or 49% for patients with septic shock in the absence of AKI. In addition, septic  
AKI is an independent predictor of hospital death. AKI is associated with a doubling in the length of 
ICU stays.

	14.	 What	are	the	clinical	factors	in	patients	with	septic	AKI	associated	with	worse	outcomes?
 a. Older age
 b. Higher acuity of disease
 c. Greater burden of illness
 d. Longer stays in ICU and hospital
 e. AKI severity as defined by the RIFLE criteria
 f. Delay in the initiation of appropriate antimicrobial therapy
 g. Positive fluid balance

	15.	 What	is	the	therapy	of	AKI	resulting	from	sepsis?
Currently, there are no specific therapies for either prevention or treatment of septic AKI. However, it is 
critically important that appropriate and timely supportive care be delivered. This includes the following:

 a. Rapid fluid resuscitation to ensure adequate blood pressure and organ perfusion
 b. Appropriate use of vasopressors to ensure adequate blood pressure and organ perfusion
 c. Timely administration of antimicrobials
 d. Avoidance of nephrotoxic exposures, such as intravenous contrast or nonsteroidal anti-inflammatory 

drugs
 e. Timely initiation of dialysis in patients with oliguria, positive fluid balance, and signs of irreversible 

kidney injury or with metabolic derangements (hyperkalemia and metabolic acidosis) that cannot 
be treated with non-dialysis therapies. The exact timing for the initiation of dialysis remains  
controversial.

Novel therapies that target specific pathogenic pathways are being actively studied in animal 
models and offer promise for future human use.

	16.	 In	patients	who	develop	AKI	from	sepsis,	what	is	the	rate	of	recovery	of	kidney	function?
Recovery of kidney function is increasingly recognized as an important determinant of morbidity with 
long-term health resource implications. Data have suggested that kidney recovery and independence 
from dialysis may be greater in septic compared with nonseptic AKI. In the BEST Kidney study (a large 
multicenter study of patients with AKI), in survivors to hospital discharge with normal baseline kidney 
function, 5.7% of septic AKI compared with 7.8% of nonseptic AKI were dialysis dependent. However, 
in patients with preexisting CKD, recovery to dialysis independence trended lower in septic compared 
with non-septic AKI (16.7% vs. 24.7%, P 5 .28). Another study found 95.7% of patients with septic 
AKI had complete kidney function recovery occurring on average 10.1 6 8 days after hospital dis-
charge. It is important to note that patients with SA-AKI who do recover kidney function may be left 
with residual kidney damage and are at high risk of future CKD. Thus, SA-AKI patients should be 
closely followed by a nephrologist to monitor for CKD and partial recovery.

	17.	 What,	if	any,	is	the	role	of	serum	or	urine	biomarkers	in	detecting	SA-AKI?
A concern among nephrologists has been that rises in serum creatinine occur relatively late  
(at least 24 to 48 hours) after the kidney injury from sepsis or other causes. This late diagnosis may 
compromise the ability of clinicians to rapidly intervene with strategies that could protect the kidneys 
from further damage. Thus, a series of serum and urine biomarkers that can detect early stages of 
small degrees of kidney injury have been investigated. Only one panel of urine biomarkers has yet to 
meet Federal Drug Administration (FDA) approval criteria for risk stratification of patients for AKI: a 
combination of urinary tissue inhibitor of metalloproteinase-2 and insulin-like growth factor binding 
protein-7. A combination level of these two biomarkers has a relatively strong predictive ability to tell 
whether a patient will develop moderate to severe AKI within 12 hours. However, it is not yet known 
whether care protocols based upon this risk score will lead to improved outcomes, and the routine 
use of biomarkers for the detection of early AKI has not yet gained clinical acceptance.
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 1. Several studies have shown that approximately 40% to 50% of patients with acute kidney injury 
(AKI) on presentation to an intensive care unit have concomitant sepsis and that up to 64% of  
patients who are critically ill with a diagnosis of severe sepsis or septic shock have concomitant 
AKI (also known as sepsis-associated AKI [SA-AKI]).

 2. AKI resulting from sepsis occurs early in the course of the disease. Of patients presenting with  
septic shock, investigators found 64% had evidence of AKI, defined by the RIFLE criteria, within  
24 hours of the onset of shock.

 3. Physiologic derangements resulting from sepsis need to be corrected as early as possible utilizing 
goal-directed therapy. Normal saline is a reasonable initial fluid choice and rapid administration of 
appropriate antibiotics is associated with improved outcomes.

 4. Patients with septic AKI have a mortality rate of approximately 70% compared to 20% for patients 
with severe sepsis, or 49% for patients with septic shock in the absence of AKI.

 5. Patients recovering from SA-AKI are at risk for long-term chronic kidney disease and should be  
followed by a nephrologist once discharged from the hospital.

KEY POINTS
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	 1.	 What	is	rhabdomyolysis?
Rhabdomyolysis is a condition characterized by muscle injury leading to myocyte necrosis and the
release of intracellular contents into the circulation. The term is usually applied when acute kidney injury
(AKI) results from the muscle injury, but AKI does not always occur, even following severe muscle injury.

	 2.	 How	does	rhabdomyolysis	cause	AKI?
Rhabdomyolysis causes AKI through a combination of kidney vasoconstriction, direct oxidant injury,
and tubular obstruction.
• Kidney vasoconstriction: Muscle damage causes interstitial edema at the site of injury. The fluid

shift from the intravascular space leads to activation of the renin-angiotensin-aldosterone system
(RAAS) and sympathetic nervous system. Vasoconstrictor mediators including endothelin-1,
thromboxane-A2, tumor necrosis factor-a, and F2-isoprostanes are also upregulated. The binding
of nitric oxide to myoglobin may further contribute to vasoconstriction. The net result is early and
prolonged kidney vasoconstriction, which may manifest as oliguria with a low urine sodium
concentration prior to progression to acute tubular injury.

• Oxidant injury: Free iron released from myoglobin may lead to the formation of oxygen-free
radicals as ferrous iron is converted to ferric iron (Fenton reaction). Myoglobin itself has been found
to be directly toxic to tubular cells by causing lipid peroxidation of tubular cellular membranes.

• Tubular obstruction: Under normal conditions, small amounts of myoglobin are filtered, then
endocytosed and metabolized by proximal tubular cells. When myoglobin levels in the tubules exceed
the absorptive capacity of the proximal tubular cells, myoglobin may complex with Tamm-Horsfall
protein (THP) in the distal nephron to form casts leading to intra-tubular obstruction. An acidic
environment (urine pH , 6.5) favors the formation of these complexes.

	 3.	 What	are	some	of	the	common	causes	of	rhabdomyolysis?
Rhabdomyolysis may be caused by a wide range of conditions (Table 12.1). Trauma or direct muscle
injury is the most common cause and should be considered in any patient who presents with multiple
injuries/trauma.

	 4.	 How	does	alcohol	intoxication	contribute	to	rhabdomyolysis?
Alcohol is directly toxic to myocytes (and also proximal tubular cells). Alcoholics are often phosphorus,
magnesium, and potassium depleted:
• Hypokalemia impairs the ability of muscle arterioles to vasodilate, promoting ischemic muscle injury.
• Hypomagnesemia can worsen concurrent hypokalemia.
• Phosphorus deficiency may result from poor diet, the use of phosphorus-binding medications used

for gastrointestinal upset, and urinary phosphorus wasting. Phosphorus is critical in the production
of adenosine triphosphate (ATP) and multiple cellular enzymes. Furthermore, alcohol intoxication
leading to altered mental status may result in compressive injuries from trauma or to muscle injury
from prolonged motionlessness in unconscious individuals.

	 5.	 Do	statins	cause	rhabdomyolysis?
Yes. 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors (statins) are commonly
associated with mild myositis, and, rarely, can progress to severe rhabdomyolysis. This may be more
common in those who have other risk factors or with drug–drug interactions that increase statin
levels (e.g., calcineurin inhibitors, macrolide antibiotics, antifungals). It has been suggested that
statins cause muscle cell damage by inhibiting coenzyme Q and the electron transport chain,
interfering with ATP generation. Statin-induced myositis can occur within days of starting the drug but
has been described years later. Muscle pain is a common reason to discontinue statin use.

	 6.	 Can	you	get	rhabdomyolysis	from	excessive	exercise?
Yes. Exercise-induced muscle injury typically occurs in cases of vigorous exercise, such as in marathon
runners or weight lifters. Strenuous exercise may cause thermal injury to the muscle cells combined
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with ATP depletion. Hypokalemia and volume depletion may also play a role. High temperature and 
humidity conditions put athletes at increased risk for exercise-induced rhabdomyolysis. Inherited 
disorders of muscle metabolism may be present in those with recurrent episodes of exercise-induced 
rhabdomyolysis.

	 7.	 Why	do	some	people	develop	recurrent	episodes	of	rhabdomyolysis?
Behavioral issues should be explored in patients with recurrent rhabdomyolysis. Often recurrent 
episodes of rhabdomyolysis are linked to alcohol and substance abuse. Toxicology screening can be 
useful to identify drug or alcohol ingestions as a cause of recurrent muscle injury. The athlete who is 
abusing diuretics or laxatives is another example. In the latter setting, the combination of strenuous 
exercise with concurrent diuretic- or laxative-induced hypokalemia can lead to muscle injury.

Less frequently, patients with recurrent episodes of rhabdomyolysis have underlying inherited 
disorders of cell metabolism (see Table 12.1). These disorders impair cellular energetics as a result of 
abnormalities in carbohydrate or lipid metabolism. Usually, patients with inherited metabolic myopa-
thies present in childhood, but adult presentation also occurs. The most common inherited disorder 
causing rhabdomyolysis is carnitine palmitoyltransferase deficiency. Often these inherited disorders of 
metabolism present with a concurrent precipitating factor, such as strenuous exercise or infection.

	 8.	 Do	the	creatine	kinase	(CK)	or	myoglobin	levels	help	with	the	diagnosis	of	rhabdomyolysis?
Creatine kinase (CK) or creatine phosphokinase (CPK) and myoglobin are present in muscle cells and are 
released into the circulation in large quantities in the presence of significant muscle injury. The main role of 
CK is to catalyze the formation of phosphocreatine from creatine. In muscle cells, phosphocreatine serves 
as a store for high-energy phosphates, which can be transferred to adenosine diphosphate (ADP) when 
extra adenosine triphosphate (ATP) is needed. Myoglobin is an iron- and oxygen-containing molecule found 
in muscle cells that is structurally similar to hemoglobin and functions to carry oxygen in muscle tissue.

	 9.	 Should	I	check	CK	(CPK)	levels	or	myoglobin	levels	when	diagnosing	and	following	patients	with	
rhabdomyolysis?
CK levels are the most sensitive marker of muscle injury. Normal CK levels can go as high as 400 U/L. In 
muscle injury, CK levels tend to rise in the first 12 hours and peak in 1 to 3 days, with levels remaining 
elevated for up to 5 days after resolution of the muscle injury. CK levels correlate with the degree of 
muscle injury and may correlate with the risk of AKI. The risk of developing AKI is usually low when the 
CK level is below 10,000 U/L. Persons who develop AKI at lower levels of CK often have coexisting 
conditions predisposing them to AKI, such as sepsis, hypotension, or underlying chronic kidney disease.

Table 12.1. Common Causes of Rhabdomyolysis

CAUSE EXAMPLES

Trauma related/crush injury Motor vehicle accidents, falls, workplace accidents, earthquakes

Vascular occlusion Thrombosis, embolism, vessel clamping during surgery, malfunctioning 
endovascular stents

Muscular strain Exercise induced, seizures, delirium tremens

Toxins/drugs Alcohol, HMG-CoA reductase inhibitors, barbiturates, corticosteroids, 
colchicine, fibrates, isoniazid, zidovudine, amphetamines, ecstasy,  
opiates, cocaine, neuroleptic malignant syndrome

Infection Viral: Influenza, human immunodeficiency virus, Epstein-Barr virus,  
legionella, polio, coxsackievirus
Bacterial: Streptococcus, Staphylococcus, toxic shock syndrome

Electrolyte disorders Hypokalemia, hypophosphatemia, hypocalcemia

Inherited disorders of  
metabolism

Carnitine palmitoyl transferase II deficiency, phosphofructokinase 
deficiency, myophosphorylase deficiency (McArdle), coenzyme  
Q10 deficiency, myoadenylate deaminase deficiency

Autoimmune Polymyositis, dermatomyositis

Others Hyperthermia, hypothermia, electrical injury



RHABDOMYOLYSIS  91

Myoglobin levels rise rapidly (within 3 hours) and serum levels peak prior to serum CK levels.
Myoglobin has a short half-life of 2 to 3 hours and is rapidly excreted by the kidneys. Rapid and
unpredictable metabolism makes serum myoglobin a less useful marker of muscle injury than CK,
and is rarely used in assessing the risk of AKI.

	10.	 What	are	the	clinical	features	of	rhabdomyolysis?
The clinical features of rhabdomyolysis are variable depending on the underlying cause and extent of
the muscle injury. Patients usually complain of myalgias and may have associated muscle weakness.
Blood pressure in rhabdomyolysis is usually maintained secondary to vasoconstriction, in part
because of the sequestration of nitric oxide by free myoglobin. Affected muscles may be tender,
sometimes with marked stiffness and swelling. The large muscles of the leg and lower back are most
commonly involved. Sometimes muscle swelling within a myofascial compartment may compress
blood vessels, limiting local blood supply, leading to further muscle ischemia. This is known as
compartment syndrome and requires urgent surgical intervention (fasciotomy) to prevent ongoing
ischemic muscle damage. The measurement of intramuscular pressures can be used to help guide
decisions regarding the need for surgical intervention. Note that less severe rhabdomyolysis may be
asymptomatic and may be detected only on routine laboratory testing.

	11.	 How	do	I	know	when	an	intervention	is	necessary	for	compartment	syndrome	causing
rhabdomyolysis?
Compartment pressures greater than 30 mm Hg are usually associated with muscle ischemia and
may require surgical intervention. Fasciotomy should be performed emergently if intramuscular
pressures are greater than 50 mm Hg or remain above 30 mm Hg for 6 hours.

	12.	 What	can	I	expect	to	happen	to	urine	output	in	a	patient	with	rhabdomyolysis?
In severe rhabdomyolysis, the patient is typically oliguric and may demonstrate the classic “tea-colored”
urine secondary to myoglobinuria.

	13.	 What	is	the	differential	diagnosis	in	a	patient	with	reddish-brown	urine?
The differential diagnosis for red-brown urine is broad. Most cases involve the presence of heme pigment
in the urine, or food or drugs that alter the color of the urine. Some of the more common causes of red-
brown urine are as follows:
• Heme pigment: Gross hematuria, hemoglobinuria, myoglobinuria, bile pigments, porphyria
• Foods: Beets, rhubarb, food coloring, fava beans, blackberries
• Drugs: Rifampin, phenolphthalein, vitamin B12, phenytoin, deferoxamine, doxorubicin, chloroquine,

methyldopa, levodopa, metronidazole, nitrofurantoin, iron sorbitol

	14.	 How	does	the	urinalysis	help	in	the	diagnosis	of	rhabdomyolysis?
The urinalysis (dipstick) detects both heme pigments (free hemoglobin, myoglobin) and hemoglobin
within red blood cells. In rhabdomyolysis, the urinalysis will be positive for heme (myoglobin) but urine
microscopy will not show red blood cells.

	15.	 What	laboratory	abnormalities	are	commonly	seen	in	patients	with	rhabdomyolysis?
Common laboratory findings in rhabdomyolysis include an increase in muscle enzyme levels (e.g.,
creatinine kinase), hyperkalemia, hypocalcemia, hyperphosphatemia, hyperuricemia, and an anion gap
acidosis. Potassium and phosphorus are released from damaged muscle cells into the circulation as
muscle cells are lysed. If muscle injury is coupled with AKI, the excretion of potassium and
phosphorus by the kidneys is further impaired.

By contrast, calcium levels in rhabdomyolysis are typically decreased as calcium precipitates in
injured muscle and occasionally massive heterotropic calcification occurs. High phosphorus levels
contribute to hypocalcemia by directly binding free calcium and inhibiting 1aa-hydroxylase (the
enzyme that catalyzes the conversion of 25-hydroxycholecalciferol to 1,25-dihydroxycholecalciferol,
the active form of vitamin D).

An anion gap metabolic acidosis is seen from the combination of anaerobic respiration in
hypoxic muscles (lactic acidosis) and the accumulation of organic acids from AKI. Elevated uric acid
levels are a direct result of the release of purine nucleosides from degrading muscle cells. It should
be noted that a low urine pH promotes the formation of tubular myoglobin casts and uric acid
crystals, both of which can lead to tubular obstruction in the development of AKI.

	16.	 How	do	we	prevent	kidney	injury	in	patients	with	rhabdomyolysis?
The treatment of rhabdomyolysis should be specific to the patient and to the underlying etiology of
muscle injury. Reversal of the underlying cause of muscle injury is of paramount importance.
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Volume resuscitation is the key initial therapy in patients with crush syndrome and trauma. 
Ideally, patients with crush syndrome should be started on intravenous fluids prior to extraction or 
relief of the compressive injury. Severe muscle injuries may also require surgical intervention, such  
as amputation or fasciotomy for compartment syndrome.

The amount of fluid administered should be tailored to the patient and take into account the 
underlying etiology of muscle injury. In traumatic crush injury cases, 1 to 2 L of isotonic saline should be 
given as a bolus prior to extraction. Caution should be utilized in giving excess IV fluid hydration if the 
patient is oliguric or anuric at presentation. Patients with traumatic muscle injury or large fluid losses 
may require 10 to 15 L per day of fluid resuscitation, titrating to a urine output of 200 to 300 mL/hr. The 
use of chloride-restrictive solutions (e.g., Lactated Ringer’s solution) have been proposed but not studied 
in this setting. By comparison, it is inadvisable to administer large amounts of fluid to an elderly patient 
with heart failure and statin-related rhabdomyolysis.

	17.	 Should	sodium	bicarbonate	or	mannitol	or	diuretics	be	given	to	prevent	kidney	injury	in		
rhabdomyolysis?
Urinary alkalinization in animal models has been shown to increase the solubility of the myoglobin-THP 
complex and inhibit reduction-oxidation cycling of myoglobin and lipid peroxidation. Some experts 
advocate for the administration intravenous sodium bicarbonate (aiming for a urine pH greater than 6.5), 
in addition to volume expansion with normal saline. However, alkalinization may lower serum ionized 
calcium levels as a result of enhanced binding to albumin (but not change total calcium) in patients who 
are already hypocalcemic. Retrospective studies have shown that bicarbonate administration does not 
improve outcomes with regard to kidney failure, the need for dialysis, or mortality in most patients, 
although there may be benefit in the subgroup with severe rhabdomyolysis (CK level .30,000 U/L).

Loop diuretics may increase urinary flow but have not been shown to protect against AKI. 
Mannitol is an osmotic diuretic and a weak free-radical scavenger. Unfortunately, mannitol may 
worsen AKI by causing osmotic nephrosis and can accumulate if the urine output falls; it is now  
rarely used. Notably, any diuretic therapy should be limited to patients who have been resuscitated 
and are volume replete.

	18.	 How	should	electrolyte	abnormalities	be	managed	in	rhabdomyolysis?
Hyperkalemia in rhabdomyolysis should be managed in a similar fashion to hyperkalemia from other 
causes (see Chapter 77). However, the potassium load may be very large, and patients who receive 
dialysis for hyperkalemia may develop post-dialysis “rebound” hyperkalemia, so potassium should be 
monitored frequently, even after dialysis.

Serum calcium levels often decline early, but replacing calcium may exacerbate muscle  
calcium deposition and can lead to rebound hypercalcemia as the calcium leaves myocytes during  
the recovery period. Indications for calcium replacement include symptomatic hypocalcemia  
(e.g., seizures, tetany), ionized serum calcium ,0.8 mmol/L, and severe hyperkalemia with 
electrocardiogram changes. High phosphorus levels in rhabdomyolysis are difficult to manage and 
usually respond poorly oral PO4 binder medications. As muscle injury resolves and kidney injury 
improves, hyperphosphatemia usually resolves.

	19.	 When	is	dialysis	indicated	in	the	treatment	of	rhabdomyolysis?
Indications for dialysis in AKI from rhabdomyolysis are similar to those in other forms of AKI. Life-
threatening hyperkalemia, refractory acidosis, and volume overload are standard indications for renal 
replacement therapy in rhabdomyolysis. The clearance of myoglobin using conventional intermittent 
hemodialysis or continuous therapies, such as continuous venovenous hemofiltration, continuous 
venovenous hemodiafiltration, or slow extended daily dialysis, is low and currently does not have a 
role in the prevention of AKI in rhabdomyolysis. Super-high-flux dialyzers have increased myoglobin 
clearance; however, their role in the treatment or prevention of AKI remains unclear.

 1. Early and vigorous volume resuscitation of patients with rhabdomyolysis (even prior to extrication in 
crush syndrome) is the key to preventing acute kidney injury (AKI).

 2. Serum creatine kinase levels correlate with the degree of muscle injury and help predict the risk of 
AKI (less common if ,10,000 U/L).

 3. Blood pressure in rhabdomyolysis is often maintained, even in the setting of large amounts of fluid 
loss, secondary to vasoconstriction partly due to nitric oxide sequestration by free myoglobin.

 4. Life-threatening hyperkalemia may be prominent as a result of the lysis of muscle cells and the  
release of intracellular potassium.

KEY POINTS
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	 1.	 What	is	contrast-induced	nephropathy	(CIN),	and	how	does	it	occur?
Iodinated contrast media can lead to a usually reversible form of non-oliguric acute kidney injury
(AKI) that occurs typically 24 to 48 hours after intravenous (IV) or intra-arterial administration
of contrast. CIN does not occur with oral delivery of contrast media because contrast is not
absorbed through the gut. Contrast media causes AKI through two major mechanisms: (1) renal
vasoconstriction causing ischemia, and (2) direct tubular epithelial toxicity from the contrast. After
contrast administration, there is an immediate transient increase in renal blood flow followed by a
prolonged period of reduced flow resulting in renal ischemia. Contrast media stimulates the release
of vasoconstrictive mediators, such as endothelin, while blocking the release of vasodilators, such
as prostaglandins and nitric oxide, which causes hypoperfusion. The renal medulla, which is
poorly oxygenated in normal conditions, is susceptible to injury from contrast-induced reductions
in oxygen delivery. This ischemic injury generates reactive oxygen species, which causes tubular
injury by affecting renal endothelial cells. Furthermore, contrast agents are directly toxic to renal
epithelial cells, causing proximal tubular vacuolization, interstitial inflammation, and cellular
necrosis.

	 2.	 What	is	the	typical	clinical	presentation	of	atheroembolic	acute	AKI?	What	is	the	differential
diagnosis	for	kidney	failure	following	cardiac	catheterization?
The differential diagnoses of kidney failure following cardiac catheterization includes ischemic
acute tubular necrosis, cardiorenal syndrome, renal atheroemboli/cholesterol emboli syndrome,
and prerenal causes of AKI. The presence of diffuse atherosclerosis predisposes a patient to renal
atheroemboli, which is characterized by a stair-step pattern to the increase in creatinine that
occurs days to weeks after the procedure with little or no recovery of kidney function. Other
distinguishing features of atheroembolic acute AKI are the presence of embolic lesions (as on the
toes and fingers), livedo reticularis, transient eosinophilia, hypocomplementemia, vague abdominal
pain (due to small vessel ischemic disease), and Hollenhorst plaques (cholesterol emboli to retinal
vessels).

	 3.	 What	is	the	clinical	significance	of	CIN?
CIN is defined as an increase in the pre-contrast baseline serum creatinine within 48 to 72 hours
following contrast administration. Most studies have defined CIN as an elevation of serum
creatinine of .0.5 mg/dL or .25% of baseline value. Some studies now define using the AKIN
criteria of .0.3 mg/dL. CIN has been shown to be associated with an increase in hospital and
long-term morbidity and mortality. It is noted as the third leading cause of AKI for inpatients with
retrospective studies showing its incidence varying between 3% and 30% depending on contrast
volume, concomitant risk factors, and whether the contrast is given intravenously or arterially.
Lower incidences are seen with venous administration. The in-hospital mortality rates in a large
retrospective analysis were 1.1% without CIN, 7.1% in CIN not requiring dialysis, and 35.7% for
those with CIN requiring dialysis; fortunately, CIN requiring dialysis is rare (typically representing
less than 2% of CIN). Although CIN is usually reversible and rarely requires renal replacement,
studies have shown that CIN requiring dialysis has a 2-year survival rate of less than 40%. This
high mortality rate is difficult to interpret and difficult to solely contribute to CIN, as these patients
tend to have confounding comorbidities that also place them at higher mortality risk. CIN also has
been shown to be an independent risk factor for subsequent chronic kidney disease (CKD), as
noted in many retrospective studies. There has been an association between CIN and mortality, but
a causal relationship has never been truly established. Several retrospective studies have shown
that less than one-third of patients with CIN will have some permanent loss of kidney function
following an episode of CIN.
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	 4.	 What	are	the	risk	factors	for	the	development	of	CIN?
• CKD: The main predisposing risk factor is preexisting kidney disease with serum creatinine $1.5 mg/

dL or estimated glomerular filtration rate below 60 mL/min/1.73 m2. Furthermore, the more severe 
the degree of CKD, the greater the risk of CIN.

• Diabetes: The presence of diabetes further enhances this risk; however, diabetes itself without  
kidney disease has not been associated with CIN.

• Contrast volume: High doses of contrast are associated with increased risk. Several studies in  
percutaneous coronary intervention (PCI) patients have shown that low-volume contrast (,50 mL) 
during coronary angiography can be adequate for coronary artery visualization and stent place-
ment, but they have not directly looked at the decreased rates of CIN. However, it would be  
expected—with minimal contrast volumes—that the incidence of CIN post-PCI would be either 
eliminated or mitigated.

• Intra-arterial administration carries a higher risk of injury than does IV administration.
• Advanced age
• Proteinuria
• Hypotension
• Volume depletion
• Congestive heart failure
• Multiple myeloma (historical risk factor; unlikely a risk factor with modern contrast agents)
• Concurrent use of nonsteroidal anti-inflammatory agents
• Renin-Angiotensin-Aldosterone System (RAAS) blockade*
• Kidney transplant without CKD*
• Cirrhosis*

Although CIN has been described for years following IV contrast radiologic studies, large trials 
with propensity matching suggest that IV contrast media has had no statistically significant increase 
in AKI, dialysis, or mortality, compared to patients with similar procedures without contrast. Despite 
these findings, we still recommend that in high-risk patients (i.e., with impaired kidney function) 
scheduled for IV contrast radiologic studies, the usual prophylactic steps be followed (see later) to 
minimize risk and prophylactic techniques.

	 5.	 What	are	the	clinical	features	and	how	the	diagnosis	is	made?
CIN usually manifests with AKI developing within 24 to 48 hours, with peak injury anywhere between  
72 and 120 hours after insult. It may take 7 to 10 days before serum creatinine returns to baseline.  
The injury typically does not cause proteinuria, and the urinalysis resembles acute tubular necrosis with 
muddy brown casts and renal tubular epithelial cells. The fractional excretion of sodium is typically below 
1%, which presumably is due to the severe vasoconstriction, although the significance of this is 
confounded in that CIN is almost always non-oliguric. Kidney biopsy is not indicated unless the 
presentation is atypical and the diagnosis is unclear.

	 6.	 What	prophylactic	hydration	measures	are	recommended?
Beyond supportive measures there are no treatments to reverse CIN once it is established, so 
prophylactic measures are the only intervention available. Prophylaxis should be used in high-risk 
individuals, primarily patients with impaired kidney function. Volume expansion is the only consistently 
effective prophylactic measure to reduce the risk for CIN. Volume expansion may work by:
• Suppressing the renin-angiotensin system
• Reducing vasoconstrictive mediators
• Diluting the contrast media
• Increasing the transit time of contrast media through the kidney

Pre-procedure hydration has been done with a variety of fluids, including oral hydration, 
hypotonic solutions (0.45% Normal Saline), and isotonic crystalloids (normal saline, Ringer’s lactate, 
and isotonic bicarbonate solutions). In a prospective trial, normal saline was superior to 0.45% saline. 
This is expected because the isotonic fluid provides more effective volume expansion. IV hydration is 
recommended over oral hydration for the same reason. Until recently, isotonic bicarbonate was 
suggested to be a better prophylactic solution than normal saline possibly by reducing reactive 
oxygen species formation. However a large study (4993 patients) comparing isotonic bicarbonate to 
normal saline has now been completed (PRESERVE Trial) and did not show any benefit of isotonic 

* Synergistic risk factors; controversial data about true risk.
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bicarbonate over normal saline. Thus, the former should not be used due to lack of benefit, increased 
cost, and risk of compounding errors.

Our recommended infusion rate is:
• Outpatient: 3 mL/kg/hr for 1 hour pre-contrast administration and 1 to 1.5 mL/kg/hr for 4 to  

6 hours after contrast
• Inpatients: 1 mL/kg/hr for 6 to 12 hours pre-procedure and intra-procedure, and 6 to 12 hours 

post-procedure
Infusion rates may need to be reduced in patients at risk for heart failure. The safe 

administration of prophylactic fluids in these patients may be done by monitoring left ventricular  
end-diastolic pressures, which was shown to be an effective measure in reducing CIN in the 
POSEIDON trial.

	 7.	 What	is	the	role	of	N-acetylcysteine?
Another prophylactic treatment has been N-acetylcysteine (also known as Mucomyst), which  
has antioxidative properties by increasing intracellular glutathione levels. It is believed that 
N-acetylcysteine may exert its activity by negating some of the effects of the reactive oxygen 
species. In prospective studies, N-acetylcysteine is not consistently effective at reducing the risk  
of contrast nephropathy. The PRESERVE Trial referenced in the Prophylactic Hydration section  
also randomized patients at risk for CIN to N-acetylcysteine or placebo and found no prophylactic 
benefit of N-acetylcysteine. Based on these results, we do not recommend N-acetylcysteine 
prophylaxis.

	 8.	 What	are	the	historical	prophylactic	therapies	that	reduce	CIN	risk	and	how	effective	are	they?
Several classes of pharmacologic agents have been investigated to provide prophylaxis from contrast 
nephropathy. The following agents failed in prospective trials and are not recommended:
• Theophylline has been examined as a prophylactic treatment for CIN because of its effect on renal 

vasodilation through non-selective blockage of the adenosine receptor; however, it is not generally 
recommended because of its lack of evidence in large, randomized, controlled trials and potential 
drug-related toxicity when administered intravenously (such as ventricular arrhythmias, seizures, 
and shock)

• Mannitol
• Furosemide
• Dopamine
• Atrial natriuretic peptide
• Fenoldopam
• Endothelin receptor antagonist

	 9.	 Does	hemodialysis	prevent	CIN?
The use of hemodialysis or hemofiltration for the prevention of CIN has been proposed to prevent CIN. 
Although dialysis can remove the majority of the contrast media, a recent meta-analysis has failed to 
show that periprocedural dialysis decreases the risk for CIN. One explanation for this finding is that 
hemodynamic changes in the renal vasculature occur within seconds of contrast administration, and 
subsequent histopathologic changes occur within 15 minutes. It is logistically difficult to arrange for 
dialysis within minutes of contrast delivery, and there is significant associated risk involved with dialysis. 
Therefore, we do not recommend dialysis as prophylaxis from CIN. Residual kidney function in dialysis 
patients still portends better outcomes in mortality; therefore, CIN can still have an adverse effect in 
dialysis patients. Multiple studies suggest that when contrast media needs to be given to dialysis 
patients, emergent dialysis post-contrast administration is not needed and patients do well when the 
post-contrast dialysis is delayed for 24 to 48 hours. The only exception may be in patients with severe 
volume overload or significantly reduced left ventricular function; in these patients, dialysis, shortly after 
contrast administration, may be advisable.

	10.	 Is	there	any	benefit	to	discontinuing	angiotensin-converting	enzyme	inhibitors	and	angiotensin		
receptor	blockers	(ACE-I/ARBs)	prior	to	contrast	exposure?
There are two opposing theories concerning the effects of ACE-I/ ARBs on the kidneys in the setting 
of contrast administration. First, ACE-I/ARBs increase the risk of CIN because these drugs are 
associated with a decrease in the glomerular filtration rate. The second theory is that ACE-I/ARBs are 
protective against CIN by counteracting the afferent arteriolar vasoconstriction and the subsequent 
medullary ischemia precipitated with contrast. Retrospective and prospective studies are mixed on 
the questions, with some studies showing a neutral effect and others demonstrating a deleterious 
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effect of ACEi/ARB. We do not recommend holding these drugs unless there is concern for volume 
depletion, and we do not feel that there is sufficient evidence to recommend starting these agents 
before a contrast administration purely for prophylactic purposes. Volume depletion increases the risk 
for CIN; therefore, holding diuretics immediately before and after contrast administration is prudent.

	11.	 Is	there	a	role	for	statin	therapy	in	preventing	contrast	nephropathy?
Statins have been shown to possess pleiotropic effects including antioxidant and anti-inflammatory 
properties. Because reactive oxygen species are involved in the pathogenesis of CIN, the 
administration of statins has been proposed to reduce the risk for CIN. However, several meta-
analyses have not found a statistical reduction in CIN with statins. While there is no indication to add 
a statin prior to contrast, patients currently taking them should continue to receive them.

	12.	 Can	remote	ischemic	preconditioning	(RIPC)	prevent	contrast	nephropathy?
RIPC is a technique that uses brief episodes of non-injurious ischemia and reperfusion to reduce the 
risk of tissue injury after an ischemic event. The proposed mechanism involves the neuronal and 
humoral pathways that modulate the anti-inflammatory and anti-oxidant mediators to protect organs 
from injury. Several methods of RIPC have been explored, including the use of a sphygmomanometer 
inflated above systolic blood pressure or using a stent balloon. There have been conflicting results 
about efficacy, but RIPC seems to be an exciting new prospect that warrants further evaluation before 
it can be recommended as a prophylactic technique for CIN prevention.

	13.	 What	different	types	of	iodinated	contrast	are	available?	Is	there	one	contrast	agent	that	is	more	
nephrotoxic	than	others?
Clinical studies have suggested that the osmolality of contrast might have an impact on the development of 
CIN. Iodinated contrast media are either ionic or non-ionic, and they are further classified by their osmolality. 
The first-generation contrast media are ionic high-osmolal agents with an osmolar range of 1500 to 1800 
mOsm/kg, compared to plasma osmolality of 290 mOsm/kg. These high-osmolal agents are no longer used 
for intravascular contrast administration. In the 1980s, second-generation contrast media replaced high 
osmolal ionic contrast media because they were less nephrotoxic and better tolerated by the patient. 
Second-generation contrast media are known as low-osmolal non-ionic agents, although they are still 
hyperosmolar at 600 to 700 mOsm/kg. Third-generation contrast media, referred to as iso-osmolol agents, 
such as iodixanol, typically have an osmolality around 290 mOsm/kg. Since low-osmolal contrast agents 
were shown to be less nephrotoxic than high-osmolal contrast agents, it was hoped that iso-osmolal 
contrast agents would be less nephrotoxic than low-osmolal contrast agents. While early studies did show a 
reduction in CIN, subsequent studies were unable to confirm the benefit of iso-osmolal contrast agents. The 
current recommendation by experts is to use either low-osmolal or iso-osmolal agents in high-risk patients.

	14.	 What	is	gadolinium,	and	what	risks	are	associated	with	it?
Gadolinium is a lanthanide metal with paramagnetic properties, making it a suitable contrast agent. 
Initially, it was assumed to be a safe alternative to iodinated contrast; however, subsequently, it was 
shown to cause nephrogenic systemic fibrosis (NSF) in patients on dialysis or with severe impairment 
of kidney function. NSF is a severe fibrosing disorder of the skin and other organs that can be 
debilitating and fatal. The majority of cases of NSF occur in patients with end-stage kidney disease  
who were receiving renal replacement therapy. No cases have been reported with stage 1 to 3 CKD, 
and only a few cases with CKD 4. If gadolinium must be administered in patients with advanced CKD, 
experts recommend:
• Using a macrocyclic ionic chelate-based gadolinium rather than linear nonionic type
• Administering the lowest dosage possible
• Avoiding repeated exposures
• Consider hemodialysis after gadolinium administration.
• Due to the risk of NSF in patients at high-risk for CIN, gadolinium contrast media cannot be  

recommended for the reduction of CIN risk.

 1. Contrast media cause acute kidney injury through two major mechanisms: renal vasoconstriction 
and direct tubular epithelial toxicity.

 2. In most cases, contrast-induced nephropathy (CIN) is characterized by an elevation (.0.5 mg/dL or 
25%) of the baseline creatinine within 24 to 48 hours following exposure, reaching a peak within  
3 to 5 days, usually followed by a return to baseline within 7 to 10 days. Most patients with CIN are 

KEY POINTS
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non-oliguric. Typically, the urinalysis is characterized by coarse granular casts and renal tubular 
epithelial cells along with a high specific gravity and fractional excretion of sodium ,1%.

 3. The main predisposing factor for CIN is preexisting kidney disease with serum creatinine $1.5 mg/dL 
or estimated glomerular filtration rate ,60 mL/min/1.73 m2. Other risk factors include diabetes only 
when coupled with CKD, high contrast load, advanced age, proteinuria, hypotension, volume depletion, 
congestive heart failure, and nonsteroidal anti-inflammatory drug (NSAID) use.

 4. Volume expansion, using minimal contrast volumes, and removal of nephrotoxins, including NSAIDs, 
are the principal prophylactic measures to reduce the risk for CIN. The recent demonstration in  
the PRESERVE Trial of a lack of prophylactic advantage of isotonic bicarbonate over normal saline 
results in our recommendation that the former solution should not be used and prophylactic  
hydration should be with normal saline only. The recommended infusion rates are:
• Outpatient: 3 mL/kg/hr for 1 hour pre-contrast administration and 1 to 1.5 mL/kg/hr for 4 to  

6 hours after contrast
• Inpatients: 1 mL/kg/hr for 6 to 12 hours pre-procedure and intra-procedure, and 6 to 12 hours 

post-procedure
 5. The recent PRESERVE Trial has demonstrated no prophylactic benefit to N-acetylsteine and we no 

longer recommend it as a prophylaxis.
 6. Statins should be continued, but not routinely started before contrast exposure. We do not recommend 

discontinuing drugs that block the renin-angiotensin-aldosterone system prior to contrast administration. 
Prophylactic use of hemodialysis or hemofiltration is not recommended. Remote ischemic precondition-
ing remains an exciting option, but is not yet proven for CIN prophylaxis.
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	 1.	 What	is	the	syndrome	of	acute	glomerulonephritis?
Acute glomerulonephritis is an acute kidney injury (AKI) syndrome characterized by the sudden onset 
of edema and new-onset or worsening hypertension. Urinalysis demonstrates an active sediment, 
including abnormal proteinuria (usually .30 mg/dL or 11 on a semiquantitative scale), hematuria, 
and red cell casts. Patients with acute glomerulonephritis are often azotemic (i.e., they have elevated 
serum blood urea nitrogen and creatinine concentrations) and occasionally develop severe kidney 
injury requiring dialysis. Acute glomerulonephritis can be a primary kidney disease, which is usually 
classified on the basis of kidney histopathology, or can result from a number of systemic diseases. 
Although this chapter focuses on primary acute glomerulonephritis, the diagnostic and therapeutic 
approaches for kidney-limited glomerulonephritis and glomerulonephritides associated with systemic 
diseases are similar. The reader is referred to the sections on primary (Part IV) and secondary (Part V) 
glomerular disorders for additional information.

	 2.	 What	are	the	major	causes	of	acute	glomerulonephritis?	What	approaches	should	be	used	to		
develop	an	appropriate	differential	diagnosis?
The patient’s history and a physical examination can provide clues to the diagnosis of acute 
glomerulonephritis. Looking for skin lesions and disease in other organ systems can help determine if 
the cause of the acute glomerulonephritis syndrome is a result of kidney-limited or systemic disease. 
A focused laboratory examination, including serologic studies, directed by the findings in the patient’s 
history and physical examination, can also be useful in establishing a diagnosis. Hematuria with 
dysmorphic red cell morphology and red cell casts are usually detected on urinalysis. Moderate 
proteinuria, usually in the non-nephrotic range, is typical. Nephrotic-range proteinuria occurs in 
,30% of patients. Mild to severe azotemia is universally present.

Table 14.1 presents major causes of acute glomerulonephritis stratified by their association with 
serum complement levels (low vs. normal or high). Complement levels can help a clinician focus on a 
differential diagnosis on the most likely causes of the acute glomerulonephritis syndrome. Measuring 
serum complement levels (C3, C4) and/or activity (CH50) is a somewhat arbitrary choice of initial 
tests, but they provide a practical approach to further testing and management of the patient with 
presumptive glomerulonephritis. A kidney biopsy is almost always indicated to establish a definitive 
diagnosis and direct treatment. The extent of acute inflammation and fibrosis present in the biopsy 
can provide important data on prognosis and can be used to project responsiveness to therapy. In 
order to optimize patient care, a standardized kidney biopsy classification system based on current 
concepts of glomerulonephritis etiology/pathogenesis has been proposed.

	 3.	 What	are	dysmorphic	red	cells?
Phase-contrast morphology can be used to characterize urinary erythrocyte morphology. Glomerular 
bleeding, a characteristic of glomerulonephritis, causes red cells in the urine to have a non-uniform 
morphology with irregular outlines and small blebs projecting from their surfaces (i.e., the red  
cells are “dysmorphic”). Red cells in the urine from non-glomerular bleeding in the urinary tract  
are uniform in shape and similar in appearance to red cells in the circulation. Urine can be  
analyzed by the clinical laboratory for the presence of dysmorphic red cells. The sensitivity,  
specificity, and predicative values for this test are limited, and results need to be interpreted in  
the context of other clinical and diagnostic data. Clinical labs most often quantify numbers of 
dysmorphic red cells as a percentage of total red cells, and define the upper limit of normal to aid  
in the interpretation of the test.
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	 4.	 Describe	glomerulonephritis	in	the	setting	of	infection.
Glomerulonephritis associated with infection is varied. Post-infectious glomerulonephritis occurs after 
an infection and latent period in which the patient returns to her or his baseline health. Beta-hemolytic 
Streptococcus is almost exclusively the etiology of post-infectious glomerulonephritis. In contrast, 
infection-associated glomerulonephritis occurs concurrently with the infection. While an active 
staphylococcal infection is a classically recognized cause of infection-associated glomerulonephritis, it 
can be caused by many different viruses, bacteria, and fungi. Complement levels, especially C3, are 
often—but not always—depressed in infection-associated glomerulonephritis. Recognizing the 
distinction between these clinical presentations is necessary for appropriate clinical management. The 
management of post-streptococcal glomerulonephritis is supportive, primarily managing hypertension 
and volume overload. For infection-associated glomerulonephritis, the primary goal is to treat the 
infection.

	 5.	 Define	the	syndrome	of	rapidly	progressive	glomerulonephritis	(RPGN).
Patients with RPGN have evidence of glomerular disease (proteinuria, hematuria, and red cell casts) 
accompanied by rapid loss of kidney function over days to weeks. If untreated, RPGN often results in 
kidney failure. The pathologic hallmark of RPGN is the presence of crescents on kidney biopsy, and 
RPGN is also described as crescentic nephritis (see later for further discussion). Fortunately, the 
disorders associated with this syndrome are rare, so that RPGN makes up only 2% to 4% of all cases 
of glomerulonephritis. Importantly, RPGN is not a specific diagnosis, and multiple different diseases 
can cause this syndrome. Diagnosis almost always requires a biopsy of the affected tissue if the 
presentation suggests systemic involvement, or of the kidney if it is kidney-limited.

	 6.	 What	are	crescents	in	kidney	biopsies?
Crescent formation is a nonspecific response to severe injury of the glomerular capillary wall. As a 
result, fibrin leaks into Bowman’s space, causing parietal epithelial cells to proliferate and mononuclear 
phagocytes to migrate into the glomerular tuft from the circulation. Large crescents can compress 
glomerular capillaries and impair filtration. Although crescent formation can resolve, some inflammatory 
chemotactic signals recruit fibroblasts into Bowman’s space, which ultimately can cause both the 
crescents and glomeruli to scar. Extensive scarring results in end-stage kidney disease (ESKD). Similar 
to RPGN, crescentic nephritis is not a specific pathologic diagnosis. Crescents can be seen with a 
number of specific glomerular diseases (see question 9).

Table 14.1. �Some�Causes�of�Acute�Glomerulonephritis�(Serologic�and�Other�Tests�
that�Provide�Diagnostic�Clues)

LOW SERUM COMPLEMENT 
LEVEL

NORMAL SERUM COMPLEMENT 
LEVEL

Systemic  
diseases

Systemic lupus erythematosus (ANA1, 
anti-DNA antibody1)
Cryoglobulinemia (cryoglobulin1)
Henoch-Schönlein purpura
Infectious endocarditis (positive blood 
cultures)
“Shunt” nephritis (positive blood cultures)
Infection-associated glomerulonephritis

Microscopic polyangiitis (ANCA1)
Granulomatosis with polyangiitis 
(ANCA1)
Goodpasture syndrome (anti-GBM Ab1)
Hypersensitivity vasculitis
Visceral abscess (positive blood cultures)

Primary kidney 
diseases

Post-infection glomerulonephritis  
(b-hemolytic streptococci)
C3 glomerulopathy
Dense deposit disease
Membranoproliferative glomerulonephritis

IgA nephropathy
Idiopathic RPGN
Type I: Anti-GBM disease (Goodpasture 
disease; anti-GBM Ab1)
Type II: Immune complex/immune  
deposit disease
Type III: Pauci-immune (ANCA1)

Modified from Manoharon, A., Schelling, J. R., Diamond, M., Chung-Park, M., Madaio, M., & Sedor, J. R. 
(2013). Immune and inflammatory glomerular diseases. In R. J. Alpern, M. J. Caplan, & O. W. Moe (Eds.), 
Seldin and Giebisch’s the kidney: Physiology and pathophysiology (pp. 2763–2816). Amsterdam: Elsevier.

ANA, Antinuclear antibody; ANCA, anti-neutrophil cytoplasmic antibodies; GBM, glomerular basement 
membrane; IgA, immunoglobulin-A; RPGN, rapidly progressive glomerulonephritis.
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	 7.	 Do	crescentic	nephritis	and	RPGN	describe	the	same	syndrome?
Although the terms crescentic nephritis and RPGN are used interchangeably, these diagnoses are not 
synonymous. RPGN describes a clinical syndrome of rapid loss of kidney function over days to weeks 
in patients with evidence of glomerulonephritis. In contrast, crescentic nephritis is a histopathologic 
description of kidney biopsy specimens, which demonstrate the presence of crescents in more than 
50% of glomeruli. Biopsies of patients with RPGN very commonly reveal crescentic nephritis. However, 
RPGN can occur in the absence of crescentic nephritis, and extensive glomerular crescent formation 
is rarely identified in kidney biopsy specimens from patients without the clinical syndrome of RPGN.

	 8.	 How	is	primary	RPGN	classified?
RPGN can occur as a primary disorder in the absence of other glomerular or systemic diseases. Crescentic 
nephritis, the pathologic correlate of RPGN, is classified into three types using immunofluorescence 
microscopy to describe the presence or absence of immune deposits and the character of their distribution 
within the glomerular basement membrane (GBM; Table 14.1 and Box 14.1):

 1. Type I RPGN is characterized by linear deposition of antibodies directed against type IV collagen, a 
matrix protein that is a constituent of the GBM. These antibodies are commonly referred to as anti-
GBM antibodies (discussed later). Type I RPGN comprises approximately 10% to 20% of patients 
with primary RPGN without pulmonary hemorrhage.

 2. Type II RPGN is characterized by a granular pattern of immune complex deposition. This is found in 
20% to 30% of patients with primary RPGN without pulmonary hemorrhage.

 3. Type III RPGN has no immune deposits (“pauci-immune”) in glomeruli using immunofluorescence 
or electron microscopy, and occurs in 50% to 60% of patients with crescentic glomerulonephritis 
on kidney biopsy.

	 9.	 What	glomerular	diseases	are	associated	with	RPGN?
RPGN can complicate the clinical course of some primary glomerular diseases, such as immunoglobulin 
A (IgA) nephropathy, membranous nephropathy, membranoproliferative glomerulonephritis, and 
hereditary nephritis (Alport syndrome). In addition, RPGN is associated with infectious and multisystem 
diseases, including systemic lupus erythematosus, cryoglobulinemia, and systemic vasculitides. Box 14.1 
summarizes the kidney-limited and systemic causes of RPGN.

Box 14.1. Classification�of�RPGN

Primary
Type I: Anti-GBM antibody disease (Goodpasture  

disease)
Type II: Granular glomerular immune complex  

association
Type III: Pauci-immune glomerulonephritis

ANCA, Anti-neutrophil cytoplasmic antibodies; GBM, glomerular basement membrane; RPGN, rapidly progressive glomerulonephritis. 

Secondary to Systemic Disease
Superimposed on a primary glomerular disease
Infection related
Post-streptococcal and rarely post-viral glomerulo-

nephritis
Visceral abscess and other infection-associated
Vasculitides:
Small Vessel (Pauci-Immune):

Microscopic polyangiitis
Granulomatosis with polyangiitis (Wegener’s  

syndrome)
Eosinophilic granulomatosis (Churg-Strauss  

syndrome)
Small Vessel (Immune Complex):

Systemic lupus erythematosus
Henoch-Schönlein purpura
Cryoglobulinemia

Medium Vessel:
Polyarteritis nodosa (rare)
Goodpasture syndrome and disease
Malignancy-related

Medication-associated:
ANCA-associated (hydralazine, propylthiouracil,  

minocycline)
Drug-induce lupus
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	10.	 Aside	from	urinalysis,	which	other	laboratory	tests	are	useful	in	determining	the	etiology	of	acute
glomerulonephritis?
Certain serologic studies or other laboratory tests may be useful in narrowing the differential diagnosis, but
ordering these labs should be guided by the patient’s history and clinical presentation. Complement levels
(C3, C4) are usually normal in patients with either primary RPGN or RPGN associated with systemic diseases
(see Table 14.1). Lupus is an exception, as these patients usually have depressed C3 and C4 levels. In almost
all patients, an antinuclear antibody level is a useful screen for lupus or other connective tissue diseases.
Identification of anti-GBM antibodies and anti-neutrophil cytoplasmic antibodies (ANCA) can be useful in
establishing a diagnosis in patients with RPGN. Patients who are ANCA antibody positive frequently have a
primary small vessel vasculitis. The patient’s clinical presentation determines the predictive value of ANCA
testing. For example, the predictive value of a positive ANCA test is lower in a patient who presents with
hematuria, proteinuria, and a normal creatinine than in a patient with similar urinalysis findings in the
presence of azotemia. Laboratory testing to identify infections with Streptococcus, hepatitis, or HIV, or causes
of autoimmune diseases in addition to lupus and ANCA vasculitis, may be indicated. Antibodies to
phospholipase A2 receptor (PLA2R) are found in 70% of cases of idiopathic membranous nephropathy.
Testing for anti-PLA2R antibodies is reasonable in selected patients with RPGN syndromes.

	11.	 What	are	anti-GBM	antibodies?
Anti-GBM antibodies are targeted toward the noncollagenous domain 1 (NC1) domain of the a3 chain of
type IV collagen, which is a component of the GBM. Formation of the type IV collagen network in normal
GBM sequesters these epitopes from the immune system, preventing tolerance during fetal development.
Anti-GBM-associated disease occurs after the kidney is injured in a manner that exposes these regions of
the collagen molecule; the collagen is not recognized as “self” and generates an immune response. Anti-
GBM antibodies are found in 90% to 95% of patients with Goodpasture disease and are deposited in the
GBM. On kidney biopsy immunofluorescence, they form linear deposits of immunoglobulin along the
basement membranes.

	12.	 Are	Goodpasture	syndrome	and	anti-GBM	glomerulonephritis	(Goodpasture	disease)	the	same?
No. Although both disease entities result from circulating anti-GBM antibodies, Goodpasture syndrome
describes a systemic disease with a clinical constellation of pulmonary hemorrhage, circulating anti-
GBM antibodies, and glomerulonephritis. Anti-GBM glomerulonephritis, or Goodpasture disease, is
kidney-limited and describes a proliferative glomerulonephritis, which results from the deposition of
anti-GBM antibodies. Anti-GBM antibodies are the same in patients with Goodpasture syndrome and
Goodpasture disease. Because alveolar basement membrane contains the epitope of type IV collagen
that is recognized by anti-GBM antibodies, the variable presence of pulmonary disease seems to
reflect whether alveolar basement membrane epitope is accessible to the circulating anti-GBM
antibodies. Alveolar injury from infections, smoking, toxins, or other underlying lung disease may
predispose the lungs to the deposition of anti-GBM antibodies.

	13.	 What	are	ANCA?
Kidney biopsies from patients with type III RPGN have no immune deposits, but type III RPGN usually
results from small-vessel vasculitides associated with circulating ANCA. The ANCA-associated small
vessel vasculitides are:
• Granulomatosis with polyangiitis (GPA, formerly Wegener’s granulomatosis)
• Microscopic polyangiitis (MPA; systemic and kidney-limited)
• Eosinophilic granulomatosis with polyangiitis (EGPA, formerly known as Churg-Strauss syndrome)

These are usually systemic diseases but can be limited to the kidney. ANCA are directed against
neutrophil proteinase 3 (PR3) or myeloperoxidase (MPO). Screening for ANCA uses an indirect
immunofluorescence examination of normal neutrophils, which, if positive, demonstrates a staining
pattern characteristic of the target antigen (cytoplasmic for ANCA [C-ANCA] against PR3 and perinuclear
for anti-MPO ANCA [P-ANCA]). The P-ANCA screening test has low specificity because other anti-neutrophil
antibodies give a similar pattern by indirect immunofluorescence. A screening test that is positive for either
C-ANCA or P-ANCA needs confirmation with an antigen-specific technique. C-ANCA positivity is associated
with active GPA, and P-ANCA positivity is associated with active MPA and less so EGPA. However, ANCA
testing results have to be interpreted in the context of the clinical presentation, and the diagnosis of a
vasculitis or glomerulonephritis often requires a tissue biopsy. ANCA antibodies can be present in patients
with non-vasculitic rheumatologic diseases, infections, and autoimmune gastrointestinal diseases, and can
co-occur with other types of acute glomerulonephritis (e.g., anti-GBM disease).

	14.	 What	is	the	treatment	for	acute	glomerulonephritis?
The treatment for acute glomerulonephritis is primarily supportive: diuretics to reduce the edema and
antihypertensive drugs to reduce elevated blood pressure. Anti-inflammatory therapy with corticosteroids,
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cytotoxic agents, and other classes of immunosuppressive agents is used for some etiologies of acute
glomerulonephritis. Therapeutic approaches for acute glomerulonephritis due to systemic lupus nephritis
and the pauci-immune vasculitides have been extensively studied, and reasonable evidence from multicenter
trials is available to guide treatment for these diseases. Treatment strategies for other etiologies of acute
glomerulonephritis are often based on observational studies of small numbers of patients. Approaches to
therapy in children and adults with the same etiology of acute glomerulonephritis are not always identical.

	15.	 What	are	the	treatment	options	for	patients	with	RPGN?
RPGN needs to be treated aggressively and early in its course to reduce the likelihood of ESKD.
Glucocorticoid and immunosuppressive regimens are the mainstay of RPGN treatment. The benefit of
these agents is greatest in patients with ANCA-associated vasculitis. The most common complications
of therapy are infections. Hemorrhagic cystitis, a complication of cyclophosphamide therapy, occurs
less commonly with use of aggressive intravenous saline infusions to promote the excretion of
metabolites toxic to bladder epithelial cells. In addition, 2-mercaptoethanesulfonate (MESNA), an agent
that binds and sequesters the metabolite responsible for injury to the uroepithelia, is often given with
cyclophosphamide. Malignancies, especially bladder cancers and leukemias, can occur decades
after treatment of GPA with cyclophosphamide. Randomized, clinical trials continue to be performed
in order to determine optimal therapy for patients with either ANCA-associated vasculitis or lupus
nephritis. The reader is encouraged to review the most current literature and expert opinion to develop
treatment regimens for patients with these diseases. The most current immunosuppressive protocols
include several different immunosuppressive agents directed at different molecular targets to induce
and maintain a remission. Therapy with these agents is often prolonged, lasting months to more than
1 year, necessitating the need for expert diagnosis and almost always biopsy confirmation. Of course,
all treatment protocols have significant risk for adverse events, and patients require close monitoring
and drug dose adjustments to reduce drug toxicity. Consultation with an expert in the treatment of
these patients is highly recommended.

	16.	 Should	treatment	for	RPGN	be	initiated	prior	to	definitive	diagnosis?
Yes. Data obtained in experimental animal models of acute glomerulonephritis/crescentic nephritis
show that fibrosis begins within days after disease initiation. Because patients usually present with
evidence of active kidney inflammation and are often azotemic, significant kidney scarring has likely
occurred by the time patients receive medical attention. Starting treatment should be viewed as
urgent. Patients can be treated with corticosteroids until kidney biopsy results are available and
treatment can be directed by the results (see next question). While some experts do treat patients
based on clinical diagnosis alone, the toxicities and duration of the immunosuppressive therapies
used to treat RPGN make a compelling rationale for biopsy confirmation of the diagnosis. Before
initiating any immunosuppressive therapies, the treating physician must rule out infection.

	17.	 What	is	appropriate	empiric	therapy	for	patients	with	acute	glomerulonephritis	or	RPGN?
Kidney biopsy should be performed expeditiously and appropriate laboratory studies should be sent when
the patient presents. While waiting for these results, the initiation of steroid therapy—the mainstay
inductive anti-inflammatory therapy for most acute inflammatory glomerular diseases—is reasonable.
Toxicities from high-dose steroid therapy are minimal and manageable during this short “window” between
patient presentation and obtaining diagnostic test results. The initiation of cytotoxic or other immuno-
suppressive treatments, which consolidate treatment response to steroids, or plasma exchange, should
wait until a definitive diagnosis is established. Analysis of clinical trial outcomes for some glomerular
diseases suggests that benefit from cytotoxic drugs occurs well after disease onset, and most experts feel
that the use of these agents can be delayed until diagnosis is established. Dosing for cyclophosphamide
must be adjusted in the patient with altered kidney function to avoid leukopenia. The spectrum of agents
used in modern protocols has expanded greatly to include biologics as well as additional classes of
nonspecific immunosuppressive drugs, such as calcineurin inhibitors and mycophenolate.

	18.	 Is	there	any	role	for	plasma	exchange	in	the	therapy	for	RPGN?
Plasma exchange is thought to remove circulating pathogenic autoantibodies from the circulation.
Trials evaluating efficacy of plasma exchange for all causes of RPGN have included only small
numbers of patients. However, plasma exchange is a safe procedure in experienced centers and may
be an appropriate therapeutic modality for subsets of patients with RPGN, in view of the high risk of
kidney failure with this syndrome. The European Vasculitis Study Group published a randomized trial
that demonstrated that adjunctive plasma exchange improved kidney outcomes in patients with
severe kidney failure (serum creatinine .2.3 mg/dL) and active ANCA vasculitis. In addition, the
prompt initiation of plasma exchange and aggressive immunosuppression with corticosteroids and
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cyclophosphamide can be lifesaving in patients with ANCA vasculitis and diffuse alveolar hemorrhage. 
Patients who are dialysis-dependent with ANCA vasculitis can respond to treatment (see question 19).

Plasma exchange and immunosuppressive therapy are standard treatments for patients with anti-GBM 
antibody disease. Most evidence supporting the use of plasma exchange in anti-GBM-associated diseases is 
from case reports, although one small, randomized, controlled trial demonstrated a non-significant trend 
toward improved outcome in patients treated with plasma exchange. Patients who are dialysis-dependent 
with anti-GBM disease are unlikely to respond to aggressive treatment, and the potential benefit of treatment 
does not outweigh the risk in these individuals (see question 19).

	19.	 What	is	the	prognosis	of	RPGN?
The prognosis and response to treatment in patients with anti-GBM antibody or Goodpasture disease 
have not been studied in large trials. Data from a number of small case series with similar, but not 
identical, treatment strategies suggest that patient survivals are high (70% to 90%). Overall, only 40% 
of patients remain off dialysis 1 year after presentation. However, patients who do not require dialysis 
and who are treated with immunosuppression and plasma exchange have 1-year kidney survivals of 
approximately 70% to 75%, even if kidney failure is severe. In contrast, kidney survival is poor in 
patients with anti-GBM antibody-associated disease, who require dialysis within 72 hours of presentation. 
Aggressive therapy with immunosuppressive drugs and plasma exchange may not be appropriate in this 
subgroup of anti-GBM antibody patients, unless significant acute tubular necrosis, in addition to crescentic 
nephritis, is demonstrated on kidney biopsy. Clinical, laboratory, and pathologic parameters do not have 
sufficient predictive value for kidney outcomes to be used in an individual patient.

Although data on patients with kidney-limited, ANCA-positive RPGN are limited, treatment 
responses have been recently reported in several cohorts of patients with ANCA-associated necrotizing 
glomerulonephritis and either GPA or MPA. Many patients (approximately 75%) achieve remission after 
induction therapy, but only 40% to 50% remain in long-term remission after 4 to 10 years. Serum 
creatinine at presentation is the strongest predictor of kidney survival in patients who are ANCA 
positive. In contrast to patients with anti-GBM glomerulonephritis, patients with ANCA-associated 
glomerulonephritis can respond to therapy even if they have already required the initiation of dialysis.
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 1. Acute glomerulonephritis is a kidney injury syndrome characterized by the sudden onset of edema, 
new or worsening hypertension, and an active urinary sediment.

 2. Rapidly progressive glomerulonephritis is a clinical syndrome characterized by rapid loss of kidney 
function that often results in ESKD.

 3. Acute glomerulonephritis and rapidly progressive glomerulonephritis (RPGN) are not specific 
diagnoses. Kidney biopsy is almost always required for definitive diagnosis and patient management.

 4. If you think a patient has either acute glomerulonephritis or RPGN, expeditious diagnosis and  
initiation of therapy is vital because early intervention is associated with better outcomes.

 5. Optimal patient management often requires referral to an expert in the care of patients with these 
diseases.

KEY POINTS
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	 1.	 What	is	nephrotic	syndrome?
Nephrotic syndrome is one of the most rigidly defined entities in clinical medicine. The term is not a
specific diagnosis, but instead represents a cluster of abnormal findings. Specifically, it is comprised
of four distinct elements: one physical sign, edema; and three laboratory test abnormalities, massive
proteinuria, hypoalbuminemia, and hypercholesterolemia. A hypercoagulable state is an optional fifth
feature, especially in adults, who have a 10-fold higher risk of thromboembolic complications com-
pared to pediatric patients. The hypercoagulable state in the nephrotic syndrome is due to many
factors including urinary loss of antithrombin III, increased platelet aggregation, and endothelial dys-
function. It is important to note that reduced glomerular filtration rate or azotemia is not a defining
feature of the nephrotic syndrome in any age group.

Edema is a key feature in patients with nephrotic syndrome. Studies suggest that it can develop
by two distinct mechanisms. According to the underfill hypothesis, the hypoalbuminemia leads to de-
creased plasma oncotic pressure, reduction in the effective intravascular compartment size, activation
of the renin–angiotensin axis, and stimulation of renal sodium reabsorption. In contrast, the overfill
hypothesis posits that sodium retention in nephrotic syndrome is a primary abnormality in the kidney
due to corin-mediated activation of the epithelial sodium channel. It is likely most patients have a
component of each mechanism operating in the formation of edema. In most cases, the edema is
controlled with modest dietary salt restriction and the administration of diuretics. In cases with severe
underfilling, infusions of albumin and furosemide may be required to control edema.

	 2.	 How	does	one	make	the	diagnosis	of	nephrotic	syndrome?
The diagnosis is made in a patient with edema and massive proteinuria; that is, a urine protein:creatinine
ratio greater than 2 (mg:mg) in a first morning sample in children or .3.5 g/24 hours in adults. Quanti-
tation of urine protein excretion is mandatory to confirm the diagnosis of new-onset nephrotic syndrome.
However, subsequent monitoring can be accomplished using qualitative dipstick urine testing. It is im-
portant to exclude cirrhosis, congestive heart failure, or gastrointestinal disease (protein-losing enteropa-
thy or malabsorption) before conclusively attributing edema to kidney disease.

	 3.	 What	are	the	causes	of	nephrotic	syndrome?
Nephrotic syndrome is classified into primary (or idiopathic) and secondary causes. There are four
principal primary etiologies of nephrotic syndrome:

 1. Minimal change nephrotic syndrome (MCNS)
 2. Focal segmental glomerulosclerosis (FSGS)
 3. Membranous nephropathy (MN)
 4. Membranoproliferative glomerulonephritis (MPGN)

There are variants of MCNS characterized by subtle changes in mesangial cell hypercellularity
or the deposition of specific immunoglobulins such as IgM. However, the clinical significance of these
entities is unclear. In adults, IgA nephropathy, fibrillary, and immunotactoid glomerulonephritis can
present with nephrotic syndrome.

The secondary causes of nephrotic syndrome include:
• Post-infectious glomerulonephritis
• Systemic lupus erythematosus
• Henoch-Schoenlein purpura
• Medications
• Infections (e.g., hepatitis B, hepatitis C, HIV)
• Malignancies (Hodgkin’s diseases)
• Amyloidosis
• Diabetes

This chapter will focus on primary nephrotic syndrome as a group, because the secondary
causes are detailed in specific chapters for each entity.
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	 4.	 What	is	the	incidence	and	prevalence	of	nephrotic	syndrome	and	has	it	changed	in	recent	years?
The incidence of nephrotic syndrome is approximately 2 to 4 new cases per 100,000 population per
year. There are data suggesting that the incidence of nephrotic syndrome is rising in certain popula-
tions around the world, such as Indians and Southeast Asians. However, the overall figure has been
fairly steady and is applicable around the world and in most racial and ethnic groups.

There may be a difference in the incidence of specific types of primary nephrotic disease in
children and adults. The prevalence of nephrotic syndrome as a cause of chronic kidney disease
varies from country to country depending on the practice patterns for disease detection and
treatment. Nonetheless, primary nephrotic syndrome is an uncommon illness and qualifies for
designation as a rare disease.

	 5.	 What	is	the	clinical	presentation	of	patients	with	nephrotic	syndrome?
The most common presenting complaint for patients with nephrotic syndrome is edema. It usually
involves the lower extremities in adults because they are more sedentary. While children also have
pedal edema, it tends to be less severe because of increased physical activity. Periorbital edema and
ascites occur in all age groups. The edema is symmetric and painless.

	 6.	 Are	there	extra-renal	manifestations	of	nephrotic	syndrome?
Less common presentations include peritonitis. This can even occur before the implementation of im-
munosuppressive therapy. In addition, thromboembolic events can complicate the course of nephrotic
syndrome. The latter complaint is much more common, at least ten fold higher, in adults. Patients with
nephrotic syndrome can present with acute kidney injury, attributable either to intra-renal edema and
tubular obstruction or severe contraction of the effective intravascular compartment. In addition, pa-
tients with unremitting nephrotic syndrome and persistent hypercholesterolemia are at risk of prema-
ture atherosclerosis and cardiovascular disease.

	 7.	 What	is	the	natural	history	of	nephrotic	syndrome?
The natural history of the primary nephrotic syndrome depends on the underlying cause.
• MCNS: Patients have an excellent long-term prognosis. Most patients are responsive to therapy,

and while the majority will follow a relapsing course, eventually most patients outgrow the disease
without permanent kidney injury. However, there are some children with MCNS who continue to
have relapsing disease well into adulthood.

• FSGS: Nearly half of patients with primary FSGS progress to end-stage kidney disease (ESKD) over
5 to 10 years. Additionally, there is recurrent disease in 25% to 30% following a kidney transplant.

• MPGN: Nearly 50% of patients with MPGN will progress to ESKD over 10 to 15 years and 20% to
25% of these patients develop recurrent disease in a transplanted kidney.

• Membranous nephropathy: The long-term course of MN is more variable. Approximately one-third
will go into remission, another third have persistent proteinuria with stable kidney function, and the
remaining patients will experience a steady decline in kidney function. Recent findings suggest
that monitoring the level of antibody to M-type phospholipase A(2) receptor (PLA(2)R) can be useful
to predict prognosis and response to therapy.

	 8.	 Are	there	any	patient	groups	at	special	risk	of	developing	nephrotic	syndrome	or	adverse
long-term	outcomes?
Primary nephrotic syndrome occurs in all racial ethnic groups. It affects boys more commonly than
girls; however, the outcomes are similar irrespective of the patient’s gender.

	 9.	 What	is	the	appropriate	work-up	for	patients	with	nephrotic	syndrome?
• Patients with primary nephrotic syndrome require quantitation of urine protein excretion to dem-

onstrate nephrotic-range proteinuria. This can be accomplished by measuring the protein:creatinine
ratio in the first morning urine specimen where a value .2 (mg:mg) in children is indicative of ne-
phrotic syndrome. Alternatively, in adults, a 24-hour urine collection can be performed, and a level
of protein in excess of 3.5 g is diagnostic of nephrotic-range proteinuria. While assessment of the
first morning urine specimen is the standard of care in pediatric patients, there is greater diversity
of practice in adult patient, with use of first morning urine samples, spot urine specimens, and
24-hour urine collections to monitor disease activity.

• A complete metabolic profile is obtained to demonstrate hypoalbuminemia and hypercholesterol-
emia. The blood urea nitrogen and creatinine are generally normal. Total serum calcium level is low
secondary to the low hypoalbuminemia. Serum sodium concentration may be low if there is water
reabsorption in excess of sodium. Pseudohyponatremia secondary to hyperlipidemia is no longer
a concern with the widespread use of ion selective electrodes in clinical chemistry analyzers.
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• The C3 level is measured in all patients to exclude MPGN.
• A complete blood count is part of the routine evaluation even though it usually has little informa-

tion value about the cause of nephrotic syndrome. In select cases in which the nephrotic syndrome
is secondary to a systemic illness or malignancy, the complete blood count may provide useful
data.

	10.	 Are	there	any	unique	laboratory	tests	that	are	relevant	to	patients	with	nephrotic	syndrome?
• Anti-streptolysin O
• ANA, and double stranded DNA titers
• HIV testing
• Hepatitis B and C testing
• Assays for C3 nephritic factor with MPGN
• Antibodies to M-type phospholipase A2 receptor PLA2R is useful in idiopathic MN
• thrombospondin type-1 domain-containing 7A may be useful in idiopathic MN
• Venography is often performed in adults with new-onset primary nephrotic syndrome to detect renal

vein thrombosis, especially in patients with MN.

	11.	 What	is	the	role	of	a	kidney	biopsy	in	the	assessment	of	patients	with	nephrotic	syndrome?
A kidney biopsy is necessary to definitively distinguish between the four causes of primary nephrotic
syndrome. There are differences in the application of kidney biopsy in pediatric and adult patients.
• In children, the criteria for performing a kidney biopsy prior to treatment are:

• Age below 6 months
• Onset in adolescence; that is, Tanner stage 3 or greater
• Low C3 level
• Any unusual clinical feature

• Otherwise, most pediatric nephrologists defer a kidney biopsy until after completion and resistance to
steroids. The rationale for this approach is the high frequency of MCNS in children with new-onset
nephrotic syndrome. Importantly, a standard course of steroids will not modify the underlying renal
histopathology if there is a lesion other than MCNS.

• In adults with nephrotic syndrome, a kidney biopsy is done prior to therapy because of diverse
potential pathology and reduced tolerance of corticosteroids. The tissue sample should be processed
for light microscopy, immunofluorescence, and electron microscopy to establish the diagnosis.

• Special stains for glomerular proteins, such as synaptopodin and dystroglycan, may help discrimi-
nate among the causes of primary nephrotic syndrome. These are podocyte-associated proteins
whose expression has been shown to be different in patients with MCNS versus FSGS.

	12.	 What	is	the	cause	of	nephrotic	syndrome?
The cause of primary nephrotic syndrome is generally unknown. In MCNS, an immune-mediated
mechanism has been proposed based on the association of the disease with atopy, various malig-
nancies, and the response to immunosuppressive medications. In addition, a variety of permeabil-
ity factors, including vascular endothelial growth factor and interleukin-8, presumably derived
from immunoeffector cells, have been linked to proteinuria. Genetic mutations (see below) are in-
creasingly recognized as the cause of primary MCNS and FSGS. The pathogenesis of idiopathic
MN is linked to the development of antibodies to M-type phospholipase A2 receptor and thrombo-
spondin type-1 domain-containing 7A. Infants and young children may develop MN because of
antibodies to bovine albumin. Types I and III MPGN are immune-complex disorders, while type II
disease (DDD, dense deposit disease) is associated with abnormal regulation of the alternative
pathway of complement.

	13.	 Is	there	a	genetic	contribution	to	nephrotic	syndrome?
Approximately 5% of cases of MCNS occur in a familial pattern with parent-child or sibling-sibling
clusters. However, there are little data about the frequency of causative genetic mutations in steroid-
responsive disease. In nearly 30% to 40% of cases of primary FSGS, genetic mutations in podocyte
proteins have been identified. The most commonly affected protein is podocin, detected in up to
20% of sporadic and familial cases. Other proteins linked to FSGS include a-actinin-4, CD2AP,
Wilms tumor-1 (Denys-Drash syndrome), phospholipase C epsilon1, TRPC6, and the inverse formin
gene INF2. Defects in the nephrin gene and laminin b2 (Pierson syndrome) are associated with con-
genital nephrotic syndrome and disease in the first year of life. Recently, mutations in mitochondrial
and nuclear transport proteins have been associated with FSGS. The list of genetic causes of nephrotic
syndrome, and FSGS in particular, is likely to grow over time. However, the exact frequency remains
to be determined as methods to distinguish disease-causing genetic mutations from normal variants
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are refined. MN has been linked to various HLA polymorphisms. MPGN type II (DDD) is associated with
a variety of genetic mutations in proteins involved in the alternative pathway of complement.

Currently, the role of genetic testing in patients with new-onset nephrotic syndrome that is resis-
tant to corticosteroids is subject to ongoing debate. Patients with nephrotic syndrome who have a ge-
netic basis for the disease may have not only a lower response rate to immunosuppressive therapy
but also a lower risk of recurrent disease following transplantation.

	14.	 What	is	the	first-line	treatment	for	nephrotic	syndrome?
Corticosteroids are generally considered the first agent used in an attempt to reduce proteinuria in all
patients with nephrotic syndrome caused by MCNS or FSGS, unless there is a clinical contraindication
to their use. The dose and duration of therapy is highly contingent on the age of the patient, and the
likelihood of response varies from greater than 90% in children with MCNS to less than 20% to 30%
in patients with FSGS. In patients with MN, current recommendations suggest using conservative
therapy with agents that block the renin–angiotensin axis, and resorting to corticosteroids if the pro-
teinuria does improve or if the patients are symptomatic. The therapy of MPGN and the role of
corticosteroids is determined by the specific disease subtype.

	15.	 What	are	the	second-line	therapies	for	nephrotic	syndrome?
The choice of therapy in patients with steroid-resistant nephrotic syndrome is a highly contentious
topic because of a lack of sufficiently powered clinical trials. Alternative therapies are applied in
MCNS in children who are suffering intolerable side effects from steroids. These patients respond well
to mycophenolate mofetil, cyclophosphamide, or calcineurin inhibitors, such as cyclosporine or tacroli-
mus. Cyclosporine is the only agent that has been proven to be superior to placebo in patients with
FSGS. In those with MN, combined therapy with steroids and an alkylating agent is effective in pa-
tients at high risk of progressive deterioration in kidney function. There are ongoing trials to assess
the efficacy of calcineurin inhibitors (CNIs) and rituximab in the treatment of MN. In those with MPGN,
a regimen involving steroids, antiplatelet drugs and an alkylating agent has been utilized with uncertain
efficacy. The role of inhibitors of the alternative pathway of complement, such as eculizumab in
patients with type II MPGN, remains to be determined.

	16.	 What	is	the	appropriate	supportive	care	for	patients	with	nephrotic	syndrome?
Patients who have edema from nephrotic syndrome require dietary sodium restriction and judicious
use of diuretics. These agents are often needed in combination (site of action in the loop of Henle
and distal tubule), and careful monitoring for hyponatremia, hypokalemia, and metabolic alkalosis
is mandatory. Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers can be
used to lower blood pressure and reduce urinary protein excretion. Hypercholesterolemia can be
treated with an HMG-CoA reductase inhibitor. Immunization against Streptococcus pneumoniae
should be administered to prevent bacterial infections, such as peritonitis. In select cases, prophy-
lactic antibiotics may be necessary. Careful surveillance for thromboembolic complications and the
administration of anticoagulants may be needed in adult patients. There are tools that can be used
to identify patients at higher risk of thromboembolism and in whom prophylactic interventions
are warranted. The use of lipid-lowering drugs is usually not needed in patients with treatment-
responsive nephrotic syndrome. In those with refractory disease, statins may reduce but will not
normalize the hyperlipidemia.

	17.	 What	is	the	role	of	kidney	transplantation	in	the	treatment	of	patients	with	nephrotic	syndrome?
Kidney transplantation is a viable option in all patients with nephrotic syndrome who progress to
ESKD. However, there is a substantial risk of recurrent disease that is in the range of 20% to 40%
for patients with FSGS and MPGN. Thus, patients who have lost more than one kidney allograft to
recurrent glomerular disease are often considered ineligible for subsequent transplant procedures.

	18.	 Are	there	novel	therapies	for	nephrotic	syndrome	that	are	under	development?
Dietary interventions, such as a gluten-free diet, may be useful in a subset of children with MCNS.
Rituximab, a monoclonal antibody to CD20 on B-cells, is being tested in the full array of causes of ne-
phrotic syndrome. Abatacept, a monoclonal antibody to B7.1, has been shown to be effective in induc-
ing remission of proteinuria in the open-label treatment of patients with FSGS and is being evaluated
in an ongoing randomized clinical trial. Strategies to prevent kidney fibrosis using thiazolidinediones
(rosiglitazone) and monoclonal anti-tumor necrosis factor antibodies (adalimumab) are under evalua-
tion to protect the kidney in resistant forms of nephrotic syndrome. The identification of a subgroup
of patients with a specific disease mechanism may improve the likelihood of achieving a favorable
response to therapeutic interventions targeted at the underlying pathophysiological cause.
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 1. The nephrotic syndrome is comprised of four distinct elements
 a. edema
 b. massive proteinuria, defined as a urine protein:creatinine ratio .2 (mg:mg) in children and 

.3.5 g/24 hours in adults
 c. hypoalbuminemia
 d. hypercholesterolemia
 e. with an optional fifth feature, a hypercoagulable state

 2. Nephrotic syndrome is classified as primary (or idiopathic) and secondary causes. There are four 
principal primary etiologies:
 a. Minimal change nephrotic syndrome (MCNS)
 b. Focal segmental glomerulosclerosis (FSGS)
 c. Membranous nephropathy (MN)
 d. Membranoproliferative glomerulonephritis (MPGN)

 3. A kidney biopsy is necessary to definitively distinguish among the four causes of primary nephrotic 
syndrome or confirm a secondary cause. Genetic testing may be an alternative diagnostic test in 
infants in the first year of life or in those with a family history of disease.

 4. The natural history of primary nephrotic syndrome depends on the underlying cause. Patients with 
MCNS have an excellent long-term prognosis. Half of patients with primary FSGS will progress to 
end-stage kidney disease over 5 to 10 years. Additionally, 25% to 30% of primary FSGS patients 
develop recurrent disease following a kidney transplant.

 5. Corticosteroids are generally considered the first agent to be tried to reduce proteinuria in all pa-
tients with nephrotic syndrome, unless there is a clinical contraindication to their use. Calcineurin 
inhibitors are the most widely accepted second-line therapeutic option in patients with nephrotic 
syndrome who are unresponsive to corticosteroids or who are experiencing significant side effects.

KEY POINTS
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	 1.	 What	is	obstructive	uropathy?
Obstructive uropathy is structural or functional interference of normal urine flow anywhere along
the urinary tract. Obstructive uropathy can be acute or chronic, partial, or complete, and unilateral
or bilateral.

	 2.	 What	is	obstructive	nephropathy?
Long-standing obstructive uropathy may ultimately lead to kidney damage. Obstructive nephropathy is
typically caused by elevated pressures in the renal pelvis and calyces due to hydronephrosis and can
lead to dilation and ischemia of the distal tubules of nephrons and subsequent interstitial fibrosis and
kidney atrophy.

	 3.	 What	are	the	most	common	causes	of	obstructive	uropathy?
The causes of obstructive uropathy vary with age and gender. In older men, benign prostatic
hyperplasia (BPH) and prostate cancer are the most common causes. In older women, gynecologic
malignancies can cause extrinsic compression on the urinary tract and ureteral obstruction. In
younger patients, nephrolithiasis is the most common cause of ureteral obstruction. In children,
obstruction is most often a result of congenital anomalies such as ureteropelvic junction obstruction
and posterior urethral valves in newborn boys.

	 4.	 What	is	the	role	of	ultrasound	in	the	evaluation	of	obstructive	uropathy?
Ultrasound is the primary modality used for detection and characterization of obstructive uropathy.
Hydronephrosis is the most common finding in unilateral upper urinary tract obstruction involving the
ureteropelvic junction or ureter. In early obstruction (first 1 to 3 days) or in an anuric or dehydrated state,
hydronephrosis may be mild or absent in the setting of obstruction. Duplex Doppler ultrasonography can
be used to calculate renal arterial resistive indices, which can improve the sensitivity and specificity in
detecting obstruction. In acute obstruction, a resistive index of .0.70 is often indicative of obstruction. In
chronic obstruction, there is often a progressive loss of the echo-rich fat in the plane of Gil Vernet.
Ultrasonography may also identify a distended urinary bladder in the setting of bladder outlet obstruction.

	 5.	 Does	hydronephrosis	always	indicate	obstruction?
Mild hydronephrosis found on ultrasound can be a normal physiologic variant; kidney ultrasonography
is therefore associated with a high false-positive rate (~24%) in detecting obstruction. Another
common “false positive” ultrasonographic finding is hydronephrosis of pregnancy, which is physiologic
and rarely clinically significant. This is hypothesized to result from both hormonal changes (elevated
progesterone) influencing the ureter and mechanical extrinsic compression on the ureter from the
uterus. Hydronephrosis of pregnancy is more common in the right kidney because the sigmoid colon
occupies space within the left pelvis and pushes the uterus toward the right ureter.

	 6.	 What	other	imaging	modalities	are	helpful	in	the	evaluation	of	obstructive	uropathy?
A computed tomography (CT) scan can provide a more detailed evaluation of hydronephrosis, hydroureter,
and/or bladder distension from outlet obstruction. The noncontrast phase of a CT scan is best for identifying
obstruction from stones. If kidney function permits the use of contrast, a delayed contrast phase can show
contrast draining from the kidneys to the bladder and identify the cause and location of intrinsic (inside the
ureter) and extrinsic (compression of ureter from the outside) forms of ureteral obstruction. A MAG-3
(mercaptoacetyltriglycine) nuclear medicine renal scan can evaluate differential kidney function (kidney
uptake) and can quantify drainage times for each kidney unit after administration of a diuretic.

	 7.	 What	procedures	can	aid	in	the	diagnosis	and	treatment	of	urinary	obstruction?
Cystourethroscopy (endoscopic visualization of the urethra and bladder) can identify urethral strictures
and/or prostatic hyperplasia that may be causing bladder outlet obstruction. If other imaging studies
are equivocal or patients are unable to receive intravenous contrast administered (due to severe
chronic kidney disease (CKD) or allergy), a retrograde pyelography (injection of contrast up the ureters
during cystoscopy) may be necessary. Retrograde pyelography provides excellent delineation of filling
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defects within the ureter, renal pelvis, or renal calyces. Collection of urinary cytology is possible during
retrograde pyelography. Cystoscopy also allows for intervention to relieve ureteral obstruction in the
same setting, such as placement of a ureteral stent. If a ureteral stent is unable to bypass a ureteral
obstruction or does not provide adequate drainage of the kidney collecting system, a percutaneous
nephrostomy tube may be necessary to optimize kidney decompression.

	 8.	 How	can	urinary	retention	lead	to	obstructive	uropathy?
Normal patients should have the ability to void at least 80% of their bladder volume, with a postvoid
residual of less than 50 mL. In the setting of bladder outlet obstruction (BOO) or poor bladder
contractility, the efficiency of bladder emptying may decrease and residual urine may increase. An
elevated postvoid residual is associated with increased risk of infection and can lead to a distended
and a hypotonic bladder. If high (typically .40 cm H2O) intravesical pressures develop due to
excessive bladder volumes and/or poor bladder compliance, urine can reflux up the ureters and cause
hydroureteronephrosis and obstructive nephropathy.

	 9.	 What	are	common	causes	of	urinary	retention?
The most common cause of anatomic cause of urinary retention in men is BOO due to BPH. Urethral
strictures can also cause BOO. In females, urinary retention can be caused by the presence of a
cystocele or pelvic organ prolapse. Common nonanatomic causes of urinary retention include
diabetes, neurologic deficits (spinal cord injury, multiple sclerosis, Parkinson disease), urinary tract
infections, and medications (especially anticholinergics).

	10.	 What	are	common	signs/symptoms	of	urinary	retention?
Common symptoms of subacute and chronic urinary retention include urinary frequency, urgency,
decreased urinary flow, intermittent urinary stream, and bothersome nocturia. In severe acute urinary
retention (inability to urinate in the setting of a full bladder), patients often develop pelvic pain and
anxiety. In contrast, patients with progressive chronic retention, large bladders, hypotonic bladders,
neurogenic bladders, or decreased bladder sensation may not have any symptoms in the presence of
significant underlying urinary retention. Some patients develop incontinence due to unexpected
detrusor contractions or overflow of urine in the setting of a full bladder. On physical exam, a full
bladder may be palpable between the pubic bone and the umbilicus.

	11.	 Is	pain	always	present	in	patients	with	hydronephrosis?
The pain in obstruction of the upper urinary tract is a result of distention of the renal collecting
system. If obstruction and distention occur acutely, then pain can be excruciating and is often
associated with nausea and vomiting. However, if obstruction is slowly progressive, then the process
can be painless (a.k.a. “silent” obstruction).

	12.	 Describe	the	three	hemodynamic	phases	of	acute	unilateral	upper	tract	urinary	obstruction.
In the first phase of unilateral upper tract obstruction (first 1 to 2 hours), intrarenal pressure rises due
to obstruction. In response, tubuloglomerular feedback mechanisms allow for afferent arteriolar
vasodilation (mediated by prostaglandin E2 and nitric oxide), which increases kidney blood flow to
maintain glomerular filtration rate (GFR). In the second phase (lasting 3 to 4 hours), intrarenal
pressures remain elevated, but elevated renin released during phase one results in angiotensin II
mediated preglomerular vasoconstriction and decreased kidney blood flow. A third phase (beginning
~5 hours after obstruction) is marked by a further decline in kidney blood flow and GFR mediated by
a number of vasoconstrictors (including angiotensin II, thromboxane A2, endothelin).

	13.	 How	does	the	physiologic	response	to	bilateral	obstruction	differ	from	unilateral	obstruction?
In unilateral ureteral obstruction, the renin release from the obstructed kidney causes a compensatory
increase in kidney blood flow and GFR in the contralateral kidney. Because the contralateral kidney
provides compensatory function, there is little change to total GFR, urine output, electrolyte levels, or
serum creatinine. In bilateral ureteral obstruction, there is no compensation by the contralateral
kidney. Thus there can be dramatic decreases in GFR, which is often associated with oliguria,
electrolyte abnormalities, creatinine elevation, and fluid retention. Bilateral obstruction can also result
in hypertension. In acute bilateral obstruction, hypertension is caused by elevated renin levels. In
chronic bilateral obstruction, hypertension is secondary to fluid overload.

	14.	 What	electrolyte	abnormalities	are	seen	in	bilateral	obstructive	nephropathy?
Bilateral kidney obstruction is often associated with hyperkalemia and metabolic acidosis resulting
from defects in the excretion of potassium and hydrogen in the distal convoluted tubules and cortical
collecting ducts in the setting of relative aldosterone resistance.



112 ACUTE KIDNEY INJURY

	15.	 Can	obstructive	uropathy	be	associated	with	infection?
Urinary tract infection is a common complication of urinary tract obstruction and results from stasis of 
urine. Infection in the setting of hydronephrosis can lead to pyonephrosis, pyelonephritis, bacteremia, 
and sepsis. Infection associated with hydronephrosis typically warrants urgent decompression with 
ureteral stent placement or nephrostomy tube placement. Elimination of infection is difficult until the 
obstruction is relieved.

	16.	 What	is	postobstructive	diuresis?
After obstruction is relieved, a physiologic diuresis occurs with the excretion of excess total body 
water, along with an osmotic diuresis stimulated by the excretion of urea. This process can lead to a 
pathologic diuresis, with negative fluid balance and electrolyte deficiencies. Pathologic postobstructive 
diuresis is caused by decreased expression of aquaporin channels in the collecting duct, excessive 
presence of atrial natriuretic peptide, and concentrating defects in the corticomedullary gradient. 
Patients should have electrolytes checked and replaced regularly with free access to oral fluids. If 
intravenous fluids are required, their type and amount should be determined by serum and urinary 
electrolyte levels. Postobstructive diuresis is most likely to occur after relief of obstruction in patients 
with severe urinary retention, high serum creatinine, and elevated serum bicarbonate.

 1. Acute urinary tract obstruction can cause acute kidney injury. Chronic obstruction can lead to  
end-stage kidney disease.

 2. Acute urinary obstruction is often associated with pain, whereas chronic urinary obstruction may be 
asymptomatic.

 3. Ultimate recovery of kidney function after relief of obstruction is based on severity of obstruction, 
duration of obstruction, patient age, and baseline kidney function.

 4. Hypertension from bilateral urinary obstruction is initially a result of the release of renin and later a 
result of retention of fluid.

 5. Diuresis after obstruction may result from a physiologic excretion of water and urea, but can 
become pathologic. Patients should have electrolytes checked and replaced regularly, with free 
access to oral fluids. If necessary, the type and amount of intravenous fluids should be determined 
by serum and urinary electrolyte levels.

 6. Infection is a common complication of urinary tract obstruction and is a result of urinary stasis.  
Hydronephrosis with infection warrants urgent urologic intervention for decompression.

KEY POINTS
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	 1.	 How	common	are	kidney	stones?
In industrialized countries, approximately 12% of men and 7% of women will form at least one kidney
stone in their life, and the prevalence of nephrolithiasis is increasing. Historically men were much
more likely to form kidney stones than women, but recent data show the prevalence in women is
approaching that of men. After presenting with their initial stone, about 50% of patients will have at
least one more stone within 8 years.

	 2.	 What	are	kidney	stones	made	of?
Approximately 80% of kidney stones are predominantly calcium salts. Calcium oxalate is the major
component in 85% to 90% of calcium stones, the rest being calcium phosphate, in the form of apatite
or brushite. It is common for small amounts of apatite to be found in calcium oxalate stones. About
10% of stones are uric acid and 5% to 10% are struvite (magnesium ammonium phosphate). Cystine
accounts for about 1% of all stones. Stones may be a single pure substance or may be a mix of
crystal types, such as calcium oxalate and uric acid.

	 3.	 What	is	the	best	radiologic	test	to	diagnose	kidney	stones?
Noncontrast computed tomography (CT) scan or ultrasound are the tests of choice for imaging
patients with suspected kidney stones. Advantages of CT include much greater sensitivity for small
stones, no intravenous contrast, ability to detect uric acid stones (which are radiolucent on standard
x-rays), and the potential to diagnose other causes of flank/abdominal pain if no stones are found.
The main drawback with CT scans is the radiation exposure. If a patient requires serial radiologic
evaluation, a KUB (kidneys, ureters, and bladder) x-ray is preferred, but only if the stone of interest
can be adequately visualized.

Ultrasound can identify hydronephrosis and document stones, but it is not as sensitive or
specific as CT. Ultrasound is clearly the preferred imaging method in pregnant women, and many
clinicians prefer to use it in children to avoid excessive radiation.

	 4.	 Do	all	patients	with	renal	colic	require	urologic	intervention	to	remove	the	stone?
Most patients with renal colic will pass the stone without surgical intervention. Stones ,5 mm will
pass without intervention 80% to 90% of the time; stones .6 mm pass only 25% of the time.
Pharmaceuticals, such as the alpha blocker tamsulosin or calcium channel blockers, which act as
ureteral muscle relaxants, can be used to promote stone passage. Corticosteroids may be used to
reduce swelling and inflammation. Indications for emergent removal of an obstructing stone include
fever, intractable pain, persistent nausea and vomiting, obstruction of a unilateral kidney, or a stone
deemed unlikely to pass because of its size.

	 5.	 What	is	extracorporeal	shock-wave	lithotripsy	(ESWL)?
ESWL is a noninvasive method to remove urolithiasis in the renal pelvis or in the ureter. Shock
waves are conducted through water to the patient’s flank. The shock waves are focused on the stone,
pulverizing it into multiple small pieces. ESWL is an outpatient procedure that requires only mild
anesthesia. Disadvantages include the requirement for the patient to pass the fragments, which may
cause renal colic, and the potential for some stone fragments to remain in the kidney, particularly
stones in the lower pole of the kidney. Some stones, such as cystine and brushite, are difficult to
fragment by ESWL.

	 6.	 Is	open	surgery	still	used	for	kidney	stones?
Open surgery has been replaced by percutaneous nephrolithotomy (PCNL) and ureteroscopy. PCNL
is performed by placing a nephroscope through the patient’s flank into the renal pelvis. Stones can
be directly visualized and fragmented, and fragments removed through the scope. PCNL most often
is used for large stones (.2 cm), stones in a lower pole of the kidney, or stones that have been
resistant to ESWL. Ureteroscopy is used for stones in the ureter and some stones in the renal pelvis.
The ureteroscope is introduced through the urethra, into the bladder, and then the ureter. Stones may
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be removed using a basket or destroyed using a laser. The choice of surgical approach depends on
the type of stone, location of the stone, and expertise of the urologist.

	 7.	 Is	it	worthwhile	having	kidney	stone	composition	analyzed?
Whenever stone material is available, crystallographic analysis should be performed. Although 70%
of stones will be composed of calcium oxalate, it is the finding of noncalcium stones that provides
the most benefit. Struvite and cystine stones are uncommon but cause serious stone diseases;
their diagnosis via stone analysis leads to specific and intensive therapy. Uric acid stones are
always treated with alkalinization. Crystallization of medications such as indinavir, guaifenesin,
and triamterene in the urinary tract can lead to stones, which can only be diagnosed by the analysis
of stone material.

	 8.	 If	an	initial	stone	has	been	analyzed,	do	subsequent	stones	need	to	be	analyzed?
Yes. Analysis of stones as they recur may reveal that stone composition has changed, which could
require revision of the stone prevention protocol. In fact, a change in stone type may be a result of
preventive therapy, such as calcium phosphate stones forming because of excessive alkalinization in
a patient with cystinuria.

	 9.	 How	much	of	a	workup	should	a	patient	with	a	single	kidney	stone	have?
When adults present with their initial stone episode, they should have a limited workup to identify
the more serious issues related to nephrolithiasis. Serum chemistries will reveal hypokalemia and/or
acidosis that would indicate distal renal tubular acidosis (RTA), hypercalcemia to identify patients who
should be evaluated for hyperparathyroidism, and serum creatinine to estimate kidney function. Stone
analysis should always be performed. Urinalysis and/or urine culture should be done to identify
infection and microscopy for stone-related crystals. Radiographic evaluation should be performed to
quantify stone burden. If multiple stones are seen on CT scan or x-ray, the patient should be
considered a recurrent stone former.

	10.	 Who	should	have	24-hour	urine	chemistries	measured	as	part	of	their	evaluation?
Adults with recurrent stone disease should have 24-hour urine chemistries measured. Some adults
with a single stone event will require full evaluation as dictated by their career, such as airline pilots.
Recent AUA guidelines suggest performing 24-hour urine studies in first-time stone formers if they
are highly motivated to prevent future stones. In addition, all children with kidney stones should have
urine chemistries performed, because they have a higher likelihood of having a severe inherited form
of nephrolithiasis such as cystinuria or primary hyperoxaluria.

	11.	 What	chemistries	should	be	ordered	on	a	24-hour	urine	collection?
Urine chemistries should include:
• Calcium
• Oxalate
• Uric acid
• Phosphorus
• Urine volume: All patients should try to maintain a urine volume of at least 2.5 liters/day.
• Citrate forms a complex with calcium in the urine; thus low urine citrate is a commonly found risk

factor for calcium stone formation.
• pH should be measured in a 24-hour urine sample; low pH is a risk factor for uric acid stones, and

high pH is a risk factor for calcium phosphate stones.
• Creatinine should be measured in all timed urine specimens to ensure that the urine specimen was

collected properly.

	12.	 Is	a	random	urine	pH	an	adequate	replacement	for	a	24-hour	urine	pH?
A random urine pH should not be used to assess stone risk, because pH is too variable for a single
measurement to provide meaningful information. Urine pH in a normal subject varies from 5.0 to
7.0, depending on diet and time of day. A 24-hour sample gives the time-averaged urine pH; normal
range is 5.7 to 6.3 for a 24-hour collection.

	13.	 Is	a	single	24-hour	urine	collection	adequate	when	evaluating	a	patient	with	nephrolithiasis?
Urine chemistries vary much more than serum chemistries, because urine excretions are dependent
on lifestyle, diet, and each patient’s particular physiology. As such, it is wise to perform at least two
24-hour urine collections during the initial evaluation. Optimally, one collection would be on a
weekend and the other on a weekday to assess both the home and work environment, because
diet, fluid intake, and levels of exertion can vary tremendously.
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	14.	 Are	crystals	seen	during	urine	microscopy	helpful	in	the	diagnosis	of	stone	disease?
Cystine crystals and struvite crystals are always abnormal and diagnostic of an underlying disorder 
(Fig. 17.1). Cystine crystals are only present in people with cystinuria, an uncommon genetic disorder 
in which cystine is not reabsorbed normally by the kidney. Struvite crystals only form in humans when 
there is urinary infection with bacteria that possess urease activity. Uric acid and calcium crystals 
may be more frequent in the urine of stone formers, but they are not diagnostic of disease because 
they also may be found in healthy people. One situation in which the finding of calcium or uric acid 
crystals may be helpful is in patients with renal colic without a documented stone, where transient 
bursts of crystalluria may be causing symptoms.

	15.	 Is	it	really	true	that	drinking	water	prevents	kidney	stones?
Creating dilute urine will reduce the concentration of lithogenic substances and thus the driving force 
for crystallization. A prospective randomized trial proved the effectiveness of high fluid intake; the 
urine volume in the treated group averaged 2.5 L/day, providing a reasonable goal for patients with 
nephrolithiasis. Generally it is better to prescribe a specified urine flow rather than an absolute 
amount of fluid intake because patients’ fluid needs vary. Although physicians usually recommend 
water as the preferred fluid, other beverages seem to provide equal benefit.

	16.	 Why	do	uric	acid	stones	form?
Urate is an end product of purine metabolism. Urate solubility is pH dependent; as urine pH falls below 
5.5, uric acid becomes the predominant form of urate. Uric acid is poorly soluble such that even at normal 
rates of urate excretion, uric acid can crystallize when urine pH is low. In fact, most patients with uric  
acid stones do not over-excrete uric acid, but have an abnormally low urine pH as the cause of stone 
formation. Low urine pH may be the result of high dietary intake of animal protein, chronic kidney disease 
(CKD), metabolic syndrome, or gastrointestinal (GI) alkali loss, as may be seen with chronic diarrhea.

	17.	 How	does	metabolic	syndrome	lead	to	kidney	stones?
Metabolic syndrome is a constellation of abnormalities (hypertension, glucose intolerance, dyslipidemia, 
and increased waist size) associated with an increased risk of cardiovascular disease. Recent studies 
also have shown an increased risk of uric acid stone formation. Patients with metabolic syndrome have 
a lower urine pH because they excrete more of their daily net acid production as titratable acid and less 
as ammonium, with the net effect being a lower urine pH. The lower ammonia production by the 
proximal tubule results from insulin resistance. As might be expected, patients with diabetes appear to 
develop uric acid stones more frequently than nondiabetics.

	18.	 What	is	the	best	treatment	for	uric	acid	stones?
Lowering dietary intake of animal protein will reduce the dietary acid load, raising urine pH. Because 
most dietary purine comes from animal tissue, lowering animal protein intake will also lower uric acid 
excretion. The mainstay of therapy to prevent uric acid stone formation is to raise urine pH with alkali. 
Potassium citrate is generally preferred. If a patient cannot tolerate potassium salts because of GI side 
effects or hyperkalemia, then sodium alkali may be used. The goal of therapy is a 24-hour urine pH of 
6.0 to 6.5; raising urine pH to higher levels will not provide additional benefit. Allopurinol is a second-line 
drug for uric acid stones, used when the patient also has gout or when the patient is unable to take 
sufficient alkali to raise urine pH higher than 6.0. Allopurinol should be used in diseases with massive 
urate overproduction such as Lesch-Nyhan syndrome.

Figure 17.1. Struvite crystals (left panel) are rectangular prisms with the appearance of coffin lids. Cystine crystals 
(right panel) are hexagonal plates.
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	19.	 What	is	idiopathic	hypercalciuria?
Idiopathic hypercalciuria is generally defined as a urine calcium excretion higher than 300 mg/day  
in a man or 250 mg/day in a woman, with normal serum calcium in the absence of any systemic 
disorder known to affect mineral metabolism, such as sarcoidosis or primary hyperparathyroidism.

	20.	 How	much	calcium	should	a	patient	with	calcium	stones	have	in	their	diet?
For many years, low-calcium diets (400 mg/day) were standard for patients with calcium stones and 
hypercalciuria. Although low-calcium diets clearly reduce urine calcium, there is not a clinical trial 
proving that low-calcium diets reduce stone formation. Epidemiologic studies challenged this 
approach by showing people with low-calcium diets were more likely to form kidney stones than 
those on high-calcium diets. A subsequent study showed that a low-sodium, low-protein diet with 
normal calcium intake was more effective in preventing stones than a standard low-calcium diet.  
In general, patients should be encouraged to avoid calcium gluttony but should maintain a calcium 
intake of 1000 to 1200 mg/day.

	21.	 What	treatments	are	available	to	prevent	recurrent	nephrolithiasis?
Treatments vary, depending on the type of stone and the underlying metabolic abnormality that has 
caused the stone to form. Table 17.1 lists possible treatments to prevent stone recurrence.

	22.	 Can	thiazide	diuretics	be	used	in	patients	with	a	sulfa	allergy?
Sulfonamide antibiotics are one of the most common causes of drug allergies. However, there is 
minimal evidence of cross-reactivity between sulfonamide antibiotics and nonantibiotics, such as 
thiazide diuretics. Available data suggest that cross-reactivity may be due to a susceptibility to allergic 
drug reactions in general, rather than a specific sulfa allergy. Considerations before prescribing a 
thiazide in patients with a sulfa allergy include the nature and severity of the initial reaction, the type 
of medication implicated (antibiotic vs. nonantibiotic), and whether alternative treatments are 
available. Loop diuretics are not alternatives to thiazide diuretics because they increase calcium 
excretion.

	23.	 Do	patients	with	nephrolithiasis	get	bone	disease	from	renal	calcium	losses?
Multiple studies have documented reduced bone mineral density in calcium stone formers, particularly 
those with idiopathic hypercalciuria. Patients with hypercalciuria are likely to go into negative calcium 
balance when placed on a low-calcium diet. Because many patients avoid dairy products after a stone 
episode, they may be contributing to their bone loss. Higher fracture rates have been noted in stone 

Table 17.1. Medical Therapy for Recurrent Nephrolithiasis

STONE TYPE METABOLIC ABNORMALITY POTENTIAL TREATMENT

Calcium oxalate 
(therapy for 
calcium phosphate 
stone focuses on 
hypercalciuria and 
hypocitraturia)

Hyperparathyroidism
Hypercalciuria

Dietary hyperoxaluria
Enteric hyperoxaluria

Primary hyperoxaluria

Hypocitraturia

Hyperuricosuria

Parathyroidectomy
Low-sodium, low-protein diet
Thiazide diuretic
Low-oxalate, normal-calcium diet
Low-oxalate, low-fat diet
Calcium supplements with meals
Pyridoxine
Neutral phosphate
Potassium citrate
Potassium citrate
Sodium bicarbonate if potassium 
salts not tolerated
Low-purine diet
Allopurinol

Uric acid Low urine pH

Severe hyperuricosuria

Alkali salts, potassium citrate  
preferred
Allopurinol

Cystine Cystinuria Alkali salts, potassium citrate  
preferred
Tiopronin, D-penicillamine



NEPHROLITHIASIS  117

formers. To treat bone loss, diet calcium should be 1000 to 1200 mg/day and diet sodium should be
2300 to 3000 mg/day. Thiazide diuretics can improve bone mineral level and reduce stone risk.

	24.	 How	does	distal	RTA	cause	kidney	stones?
In distal RTA, stone formation is common, and most stones are calcium phosphate. The systemic
metabolic acidosis leads to increased proximal tubule reabsorption of citrate, lowering urine citrate
excretion. Because there is less citrate available to complex calcium, there is more calcium available
to combine with phosphate or oxalate. Acidosis increases renal calcium excretion, further increasing
the risk of stones. Finally, the inability to acidify urine leads to a persistent alkaline urine, which
increases the amount of divalent phosphate (pK 5 6.8) and thus the risk of calcium phosphate
crystallization. Carbonic anhydrase inhibitors, such as topiramate and acetazolamide, can cause
kidney stones by creating an RTA.

	25.	 Why	do	patients	with	bowel	disease	have	a	higher	risk	of	kidney	stone	formation?
Diarrheal states cause low urine flow, as patients lose excess water from the GI tract, and patients
may restrict fluid intake to lower GI output. In addition, chronic diarrhea leads to GI bicarbonate loss,
causing metabolic acidosis. The acidosis leads to low urine pH, a risk factor for uric acid stones, and
low urine citrate, a risk factor for calcium stones. These abnormalities are commonly found in patients
who have colectomy, with or without ileostomy. If a patient has fat malabsorption from Crohn disease
or small bowel surgery, they can develop enteric hyperoxaluria, as steatorrhea leads to increased
oxalate absorption in the colon. Note that enteric hyperoxaluria does not occur in patients who have
had a colectomy.

	26.	 Does	bariatric	surgery	lead	to	kidney	stones?
Only the malabsorptive bariatric procedures, roux-en-Y gastric bypass and biliopancreatic diversion,
have been linked to an increased risk of kidney stones. The purely restrictive procedures such as
gastric banding are not associated with stones. Stone risk from the malabsorptive procedures is
mainly a result of hyperoxaluria. The hyperoxaluria can be severe, not only causing stone formation
but at times loss of kidney function from oxalate nephropathy.

	27.	 What	are	infection	stones?
Infection stones are composed of struvite. Struvite stones only form in the presence of urinary
infection with bacteria that possesses the enzyme urease, which converts urea to ammonium and
bicarbonate, leading to the unique condition of high urine ammonium concentration with a high urine
pH. The bacteria most likely to possess urease are the Proteus species, although many other bacterial
species may also possess urease. Escherichia coli, the most common urinary tract pathogen, does not
possess urease. Struvite stones can grow to fill the entire renal pelvis (staghorn stones) and may lead
to recurrent infection and loss of kidney function. Treatment of struvite stones requires complete
surgical removal of the stone and a prolonged course of antibiotics.

	28.	 Do	kidney	stones	cause	damage	and	lead	to	CKD?
Cystine and struvite stones have long been recognized as causing kidney damage and even loss of a
kidney. These stones can form large staghorn calculi and recur frequently, which leads to kidney
damage. Patients with kidney stones do have slightly lower estimated glomerular filtration rate (eGFR)
than a healthy population. Whether the CKD is a result of recurrent surgical procedures, lithotripsy, or
intermittent obstruction during stone passage is not known.

	29.	 How	should	symptomatic	stone	disease	be	managed	during	pregnancy?
Ultrasound is the radiologic procedure of choice, although it may be difficult to interpret because
ureters become dilated during pregnancy, making the diagnosis of hydronephrosis difficult. If a patient
has a symptomatic stone, hydration and observation to let the stone pass spontaneously are the
preferred approaches. If the stone does not pass and pain persists, infection/pyelonephritis is present,
or there is complete unilateral obstruction, then the stone should be removed ureteroscopically. If the
stone cannot be removed, then placement of a stent may be needed to relieve the obstruction. ESWL
is not recommended during pregnancy. Final surgical removal of a stone may be delayed until after
delivery, if necessary. Medical evaluation for the cause of the stone should be delayed until after
pregnancy and nursing are over, because urine calcium excretion will be markedly different than the
non-pregnant state.

	30.	 Are	magnesium	salts	or	pyridoxine	(vitamin	B6)	effective	therapies	for	calcium	nephrolithiasis?
Both of these agents have been proposed as ways to lower urine oxalate excretion—magnesium
because it can bind dietary oxalate and lower intestinal absorption, and pyridoxine because it is a
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cofactor for a key enzyme that can lower endogenous oxalate production. There are no controlled 
trials to prove that these therapies are effective in lowering urine oxalate or preventing calcium stone 
recurrence. However, a subset of patients with primary hyperoxaluria, an autosomal recessive disorder 
characterized by severe hyperoxaluria, nephrolithiasis, and CKD, may significantly lower urine oxalate 
excretion when treated with pyridoxine.

	31.	 Does	the	intestinal	microbiome	play	a	role	in	kidney	stone	risk?
Of the numerous organisms comprising the intestinal microbiome, oxalate-degrading bacteria, 
particularly Oxalobacter formigenes, are the most interesting in relation to stone disease. O. formigenes 
is an anaerobic bacterium that is a common component of colonic flora; O. formigenes metabolizes 
oxalate and presumably lowers the amount of oxalate available for intestinal absorption. It appears  
O. formigenes can stimulate colonic secretion of oxalate, which should reduce urine oxalate as well. 
Some observational studies have found lower rates of O. formigenes colonization in patients with 
kidney stones, suggesting a role in stone formation. Though animal models of hyperoxaluria have 
shown reduced urinary oxalate excretion when treated with O. formigenes, there are no controlled 
trials demonstrating a convincing effect in humans to date.

 1. Cystinuria is a stone disease in which the clinical phenotype follows an autosomal recessive  
pattern.

 2. Reduced proximal tubule reabsorption of cystine and dibasic amino acids is present.
 3. Hexagonal crystals may be seen in the urine.
 4. First presentation is usually in childhood.
5. The mainstays of therapy are very high fluid intake, alkalinization of the urine, and the use of thiol-

binding drugs such as tiopronin or D-penicillamine.

KEY POINTS:  FEATURES OF CYSTINURIA

 1. Protease inhibitors
 2. Carbonic anhydrase inhibitors (such as topiramate)
 3. Calcium supplements
 4. Triamterene
 5. Guaifenesin/ephedrine

KEY POINTS:  MEDICATIONS THAT CAN LEAD TO STONE  
FORMATION
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	 1.	 What	is	the	definition	of	chronic	kidney	disease	(CKD)?
CKD is defined as the presence of kidney damage or decreased kidney function (defined as estimated 
glomerular filtration rate [eGFR] ,60 mL/min per 1.73 m2) for 3 or more months, irrespective of the 
cause. The persistence for at least 3 months is necessary to distinguish CKD from acute kidney injury 
(AKI). Markers of kidney damage include:
• Albuminuria with albumin to creatinine ratio (ACR) $30 mg/g
• Urine sediment abnormalities
• Electrolyte abnormalities due to tubular disorders
• Abnormalities detected by histology
• Structural abnormalities detected by imaging
• History of kidney transplantation

	 2.	 How	is	this	definition	of	CKD	derived?
This definition is derived from the Kidney Disease: Improving Global Outcomes (KDIGO) 2012 Clinical 
Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. For this definition, 
eGFR is calculated from serum creatinine using the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation. Those with eGFR ,60 mL/min per 1.73m2 are considered to have reduced kidney 
function. Urinary albumin is assessed from the ACR, with four levels of ACR considered: ,10 mg/g, 
10 to ,30 mg/g (normal to slightly elevated), 30 to 300 mg/g (moderately increased), and .300 mg/g 
(severely increased).

	 3.	 What	is	the	staging	system	for	CKD?
Among patients who are diagnosed using the criteria described previously, staging of CKD should be 
done according to Table 18.1 and based on:
• Cause of disease
• Six categories of eGFR (G stages)
• Three levels of albuminuria (A stages)
eGFR is used clinically to evaluate the degree of kidney impairment, to follow the course of the dis-
ease, and to assess the response to therapy.

	 4.	 Why	should	there	be	a	staging	system	for	CKD?
Staging patients with CKD according to cause, eGFR, and albuminuria enhances risk stratification for 
the major complications of CKD. As seen in Fig. 18.1, increasing albuminuria is associated with a 
higher risk of adverse events at every level of eGFR. These complications include kidney outcomes 
and mortality. Risk stratification is used to inform appropriate treatments, determine the intensity of 
monitoring, and facilitate patient education. In addition, the definition and staging of CKD has been 
useful in providing a common terminology for CKD to facilitate the study of the epidemiology, natural 
history, and prognosis of CKD.

	 5.	 Why	is	it	important	to	identify	CKD	at	an	early	stage?
The main reasons for identifying CKD at an early stage are:
• To make a definitive diagnosis in case there are specific therapies that can be started
• To institute treatment to prevent progression of kidney disease such as inhibition of the renin-

angiotensin system
• To manage the complications of CKD, including anemia, mineral and bone disorders, acidosis, and 

most importantly cardiovascular disease
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Table 18.1. �Chronic�Kidney�Disease�Classification�Based�on�Glomerular�Filtration�
Rate�and�Albuminuria

GFR STAGES eGFR (mL/min/1.73m2) TERMS

G1 .90 Normal or high

G2 60–89 Mildly decreased

G3a 45–59 Mildly to moderately decreased

G3b 30–44 Moderately to severely decreased

G4 15–29 Severely decreased

G5 ,15 Kidney failure (add D if treated by dialysis)

ALBUMINURIA 
STAGES

ALBUMIN/CREATININE  
RATIO (mg/g) TERMS

A1 ,30 Normal to mildly increased

A2 30–300 Moderately increased

A3 .300 Severely increased

The cause of chronic kidney disease is also included in the Kidney Disease: Improving Global Outcomes  
classification. 

eGFR, Estimated glomerular filtration rate; GFR, glomerular filtration rate. 
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Figure 18.1. Prognosis of chronic kidney disease (CKD) by glomerular filtration rate (GFR) and albuminuria categories.
The colors represent different risks. (Obtained with permission from Kidney Disease: Improving Global Outcomes (KDIGO)
CKD Work Group. (2013). KDIGO 2012 clinical practice guideline for the evaluation and management of chronic kidney
disease. Kidney International Supplement, 3(1), 1–150.)
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• To enhance measures to prevent and detect AKI, given CKD is associated with a higher incidence
of AKI

• To plan for renal replacement therapy, whether it be initiating a transplant evaluation or planning
for vascular or peritoneal access for initiation of dialysis

Not recognizing CKD results in patients presenting at or near end-stage, often requiring the emer-
gency initiation of dialysis, which is associated with worse outcomes.

	 6.	 Why	use	eGFR	and	not	just	serum	creatinine	to	assess	kidney	function?
Serum creatinine alone is an imperfect marker of kidney function, since creatinine level can be
influenced by such factors as muscle mass, protein intake, and drugs that affect tubular creatinine
secretion such as trimethoprim or fenofibrate. The estimating equations have been derived using
regression analysis of studies where GFR and serum creatinine have been directly measured, and the
equations include a combination of other demographic and clinical variables.

	 7.	 Why	is	it	important	to	include	urinary	albumin	excretion	in	the	definition	of	CKD?
Urinary albumin measurement is the most abundant protein lost in the urine, and its measurement is
more standardized than that of urinary total protein. Albuminuria is a risk factor for the development
of end-stage kidney disease (ESKD) in the general population, and a powerful predictor of kidney
outcomes in CKD patients (see Fig. 18.1), with prognosis being worse with higher levels of
albuminuria. Nephrotic range proteinuria (ACR . 2200 mg/g) is associated with even higher risks.
Reduction of proteinuria in clinical trials is usually, but not always, associated with improved kidney
outcomes.

	 8.	 Should	elderly	patients	be	classified	as	CKD	even	though	there	is	an	expected	decline	in	GFR	with
aging?
The normal GFR in young adults is approximately 125 mL/min per 1.73 m2. GFR declines with age,
with the mean GFR being 65 mL/min per m2 at ages 80 to 89 years. Other studies have demonstrated
a decline in GFR ranging from 6 to 12 mL/min per 1.73 m2 per decade of age. Increased ACR also
occurs with aging. There has been controversy as to whether a decreased eGFR or increased ACR is a
disease or part of normal aging. Since these abnormalities are associated with adverse outcomes,
these people should be classified as having CKD.

	 9.	 What	are	the	causes	of	CKD?
The leading causes of CKD are:
• Diabetes
• Hypertension
• Glomerulonephritis
• Cystic kidney disease.
The current prevalence of each of these causes in the U.S. population from 1996 to 2013 is displayed
in Fig. 18.2. As can be seen, diabetes is the most common cause, with almost half of all people with
CKD having diabetes. All four of these leading causes have been increasing over time.

	10.	 How	do	you	make	the	diagnosis	of	the	cause	for	CKD?
An attempt should be made to obtain a specific kidney diagnosis. The first step in this process is a
careful urinalysis, looking for proteinuria, hematuria, and cellular casts. Further evaluation may include
quantification of proteinuria, kidney ultrasound, referral to a nephrologist, and a kidney biopsy. The
biopsy can be done as an outpatient and has a relatively low complication rate. The kidney tissue is
examined by light, immunofluorescent, and electron microscopy. Serum and urine electrolytes may be
used to assess for renal tubular disorders, and serum and urine immunofixation can be performed to
rule out a monoclonal protein. If glomerulonephritis is suspected, further evaluation could include
hepatitis serology, ANCA, anti-GBM antibodies, antinuclear antibodies, and anti–double-stranded DNA.

	11.	 How	do	you	further	classify	kidney	disease?
CKD can be classified into glomerular diseases, tubulointerstitial diseases, vascular diseases, and
cystic and congenital diseases (Table 18.2). These can be due to systemic diseases (e.g., systemic
lupus erythematosus causing glomerulonephritis) or be a primary kidney disease (e.g., idiopathic
focal and segmental glomerulosclerosis). CKD is not one unifying diagnosis but a term encompassing
multiple diseases with unique pathophysiology and treatment.

	12.	 Do	all	diabetic	patients	develop	CKD?
Only 30 to 40% of type 1 or type 2 diabetics develop kidney disease. In diabetic patients with
albuminuria and the presence of other diabetic complications, the cause of the underlying kidney
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Figure 18.2. Trends in the number of prevalent end-stage kidney disease (ESKD) cases by primary cause of ESKD in the 
U.S. population, 1996 to 2013. (In public domain from United States Renal Data System. (2015). 2015 USRDS annual data 
report: Epidemiology of Kidney Disease in the United States. Bethesda, MD: National Institutes of Health, National Institute 
of Diabetes and Digestive and Kidney Diseases.)

Table 18.2. Causes�of�Chronic�Kidney�Disease

LOCATION EXAMPLES

Glomerular Focal and segmental glomerulosclerosis, IgA nephropathy, membranous  
nephropathy, diffuse proliferative glomerulonephritis, minimal change disease

Tubulointerstitial Urinary tract infection, autoimmune disease, stones, obstruction

Vascular Anti-neutrophil cytoplasmic antibody-associated kidney limited vasculitis, 
fibromuscular dysplasia

Cystic and congenital Kidney dysplasia, medullary cystic disease

disease is often presumed to be diabetic nephropathy and a kidney biopsy is not performed. If there
are unusual features to the kidney disease such as red blood cell casts, nephropathy early in the
course of diabetes, or rapid progression of kidney disease, then a biopsy may be warranted. In some
studies, half of type 2 diabetic patients have kidney disease due to diseases other than diabetes.

	13.	 Why	do	African	American	patients	have	a	higher	incidence	of	CKD?
The incidence of CKD is higher in African Americans compared with other populations, and there is
marked familial aggregation of ESKD in African American families.

In patients of African ancestry, diseases such as idiopathic focal and segmental glomerulosclerosis,
human immunodeficiency virus–associated nephropathy (HIVAN), and hypertensive nephropathy are
associated with coding variants in the apolipoprotein L1 (APOL1) gene on chromosome 22q13. The risk
of these kidney diseases is greatly increased if two APOL1 nephropathy risk variants are inherited. These
risk variants confer an advantage in the ability to kill Trypanosoma brucei rhodesiense, the parasite
causing African sleeping sickness, providing a survival advantage in patients with these APOL1 alleles in
endemic areas.

	14.	 How	common	is	CKD?
The overall prevalence of all stages of CKD in the US general population is about 14% and has remained
stable over the past decade. In contrast, there has been an increase in Stage 3 CKD, with prevalence of
6%. There were 661,648 prevalent cases of ESKD at the end of 2013, and the unadjusted prevalence
was 2034 per million in the US population. Fig. 18.3 shows the trends in ESKD prevalence and annual
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change from 1996 to 2013. The number of incident (newly reported) ESKD cases in 2013 was 117,162. 
The adjusted incidence rate of ESKD in the United States rose sharply in the 1980s and 1990s, leveled 
off in the early 2000s, and has declined slightly since its peak in 2006.

	15.	 What	are	the	risk	factors	for	developing	CKD?
Risk factors for CKD include:
• Diabetes
• Hypertension
• Cardiovascular disease
• Multisystem diseases with potential kidney involvement such as systemic lupus erythematosus 

(SLE)
• Family history of kidney failure
• Smoking
• History of and recovery from AKI
• Obesity
• Metabolic syndrome
• Frequent urinary tract infections
• Kidney stones
• Lower urinary tract obstruction
• Reduction in kidney mass
• Low birth weight
• Exposure to nephrotoxic drugs

Socioeconomic risk factors associated with CKD are age, U.S. ethnic minorities (African Americans, 
American Indian, Hispanics), and exposure to certain chemicals or environmental conditions.

	16.	 Should	there	be	routine	screening	for	CKD?
Guidelines recommend targeted screening versus mass screening for CKD. The American College of 
Physicians recommends against screening low-risk patients. High-risk groups, as defined in question 15, 
should be screened on a regular basis especially those with hypertension, diabetes, cardiovascular 
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Figure 18.3.  Trends in the adjusted end-stage kidney disease prevalence (per million) (bars; scale on left) and annual 
change (%) (lines; scale on right) in the U.S. population, 1996 to 2013. The data are adjusted for age, sex, and race.  
(In public domain from United States Renal Data System. (2015). 2015 USRDS annual data report: Epidemiology of Kidney 
Disease in the United States. Bethesda, MD: National Institutes of Health, National Institute of Diabetes and Digestive and 
Kidney Diseases.)
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disease, structural disorders of the urinary tract, a familial history of kidney failure, those recovering from 
AKI, and those with proteinuria or hematuria discovered serendipitously.

	17.	 How	do	you	predict	the	prognosis	of	CKD?
The prognosis of CKD varies depending on the underlying cause, the level of GFR, the amount of 
albuminuria, and the presence of other comorbidities such as cardiovascular disease or diabetes.  
The contributions of each of these factors vary, depending on the outcome of interest. For example, 
the development of ESKD is more dependent on the cause of CKD and GFR than on other factors.

	18.	 Do	all	patients	with	CKD	progress	to	ESKD?
No, not all patients with CKD progress to ESKD. More patients will die before they reach ESKD, 
predominantly of cardiovascular disease. These competing risks between ESKD and cardiovascular 
disease depend on the population of patients studied, with the general finding that older patients with 
milder CKD are more likely to die of cardiovascular disease, while younger patients with more severe 
CKD are more likely to progress to ESKD. Emphasis should be placed on both reducing cardiovascular 
risk and in slowing the progression of CKD.

	19.	 How	often	should	eGFR	and	albuminuria	be	assessed	in	people	with	CKD?
It is recommended to assess eGFR and albuminuria at least annually in people with CKD and more 
often in those at a higher risk for progression, or when measurement will impact therapeutic 
decisions. Both lower eGFR and greater albuminuria are associated with an increased rate of kidney 
disease progression.

	20.	 How	fast	does	CKD	progress?
Progression of CKD is variable, depending on the population being studied, underlying disease, 
adequacy of therapy, presence of risk factors, and unknown factors. To provide perspective on CKD 
progression, it is important to note the decline in kidney function in various populations. A decline in 
kidney function of 0.3 to 1.0 mL/min per 1.73 m2 per year has been demonstrated in those without 
proteinuria or comorbidity. In patients with established CKD, rates of progression vary between  
2.5 and 4.5 mL/min per 1.73 m2 per year, with rapid progression defined as rates of more than 
5 mL/min per 1.73 m2 per year.

	21.	 What	are	the	risk	factors	for	progression	of	CKD?
Progression of kidney disease is defined as a loss of GFR over time and includes the need to initiate 
renal replacement therapy. Factors that affect progression are GFR and albuminuria categories, 
absolute amounts of albuminuria, the cause for the underlying kidney disease, hypertension, age, 
race/ethnicity, obesity, exposure to nephrotoxic agents, episodes of AKI, and laboratory parameters 
such as hemoglobin, serum albumin, calcium, phosphate, and bicarbonate.

	22.	 Why	does	kidney	disease	progress?
Common mechanisms underlie the progression of most kidney diseases. These mechanisms initially 
involve adaptive changes to loss of nephrons that eventually have maladaptive consequences. The 
best-described common mechanism of progression is glomerular hyperfiltration. Reductions in the 
nephron number cause increased filtration rate in residual nephrons—the greater the degree of 
nephron loss, the greater the compensatory increase in the function of the residual units. After these 
initially adaptive increases in function, pathologic changes appear, ultimately resulting in glomerular 

 1. CKD is defined as the presence of kidney damage or decreased kidney function (defined as eGFR 
,60 mL/min per 1.73 m2) for 3 or more months, irrespective of the cause.

 2. Albuminuria is a risk factor for the development of ESKD in the general population, and a powerful 
predictor of kidney outcomes in CKD patients, with prognosis being worse with higher levels of 
albuminuria.

 3. The leading causes of CKD are diabetes, hypertension, glomerulonephritis, and cystic kidney  
disease, with about 40% of all CKD due to diabetes.

 4. Risk factors for CKD include diabetes, hypertension, cardiovascular disease, structural kidney tract 
disease, multisystem diseases with potential kidney involvement such as SLE, family history of 
kidney failure, hereditary kidney disease, and smoking.

KEY POINTS:  CHRONIC KIDNEY DISEASE DEFINITION AND RISK  
FACTORS
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sclerosis. Other mechanisms of progression include kidney fibrosis, loss of podocytes, activation of
the renin-angiotensin-aldosterone system, and proteinuria.

	23.	 What	are	the	most	common	symptoms	of	CKD?
CKD is often asymptomatic in the early stages. In the late stages of kidney failure, symptoms include:
• Fatigue
• Weakness
• Anorexia
• Nausea and vomiting
• Volume overload with pulmonary edema
• Pericarditis
• Peripheral neuropathy
• Central nervous system abnormalities (ranging from loss of concentration and lethargy to seizures,

coma, and death), which can occur when kidney function is severely impaired
No direct correlation exists between the absolute serum levels of blood urea nitrogen or

creatinine and the development of these symptoms.

	24.	 Why	do	diabetics	develop	CKD?
Diabetic nephropathy is the leading cause of ESKD in the industrialized world, and its incidence
continues to increase. Clinically it manifests as albuminuria and progressive loss of kidney function.
The structural manifestations are:
• Glomerular basement membrane thickening
• Tubular basement membrane thickening
• Expansion of the mesangium at times forming nodules called Kimmelstiel-Wilson lesions
• Arteriolar hyalinosis
• Tubulointerstitial fibrosis

The pathophysiology of CKD in diabetics is complex and involves a combination of glucose
toxicity, glomerular hypertension, oxidative stress, toxic effects of other metabolites, cytokines, and
growth factors including advanced glycation end-products and transforming growth factor-beta,
combined with poorly defined genetic risk factors.

	25.	 What	are	the	complications	of	CKD?
Complications of CKD are discussed in subsequent chapters and include disorders of fluid and electrolyte
balance such as volume overload, hyperkalemia, metabolic acidosis, and hyperphosphatemia. Other
complications are hypertension, anemia, malnutrition, mineral and bone disorders, dyslipidemia, and
sexual dysfunction. In more advanced CKD, complications include uremic bleeding, increased
susceptibility to infection, pericarditis, uremic neuropathy, thyroid dysfunction, and infection. Most
importantly, CKD is a risk factor for cardiovascular disease.

	26.	 Why	do	CKD	patients	have	a	high	incidence	of	cardiovascular	disease?
Patients with CKD have a substantial increase in cardiovascular risk and disease (Fig. 18.4) that can
be in part explained by an increase in traditional risk factors such as hypertension, diabetes, and
metabolic syndrome. CKD alone is also an independent risk factor for cardiovascular disease. Among
patients with CKD, the risk of death, particularly due to cardiovascular disease, is much higher than
the risk of eventually requiring dialysis. CKD patients have worse outcomes from cardiovascular
disease, including a higher mortality after acute myocardial infarction.

	27.	 Can	the	progression	of	CKD	be	slowed?
The diagnosis of CKD and assessment of the tempo of progression set the stage for implementing
therapies directed at slowing progression and preventing the development of ESKD. Therapy includes:
• Blood pressure control
• Inhibition of the renin-angiotensin-aldosterone system
• Dietary protein restriction (in certain populations and settings)
• Glycemic control in diabetics
• Bicarbonate supplementation when serum bicarbonate concentration is ,22 mEq/L

Other principles of therapy include avoidance of nephrotoxic drugs such as NSAIDs or aminoglycoside
antibiotics, and avoidance of radiographic contrast agents. In addition, attention should be paid to reversible
causes of progression, such as urinary obstruction.

	28.	 What	drugs	should	be	avoided	in	patients	with	CKD?
Whenever possible, nephrotoxic medications should be avoided including NSAIDs, which should be
stopped when eGFR is ,30 mL/min per 1.73m2 and not prescribed long-term in patients with eGFR
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,60 mL/min per 1.73m2. Other nephrotoxic medications are aminoglycosides, amphotericin, and 
cisplatin. The GFR level needs to be considered when dosing drugs that undergo kidney excretion, 
especially for such medications as lithium and digoxin. Caution should be used when nutritional 
supplements are being used. Metformin should be discontinued in people with eGFR , 30 mL/min 
per 1.73m2. Oral phosphate-containing bowel preparations (used for colonoscopy prep) should be 
avoided in people with an eGFR ,60 mL/min per 1.73m2 because of the risk of phosphate 
nephropathy.

	29.	 When	should	a	CKD	patient	be	referred	to	a	nephrologist?
Early referral to a nephrologist is associated with improved outcomes once patients initiate dialysis. 
Referral to a nephrologist is recommended when eGFR ,30 mL/min per 1.73m2 and/or urine albumin 
creatinine ratio is .300 mg/g, with earlier referral recommended in specific cases. Early referral has 
been associated with several beneficial effects, including decreased mortality, reduced hospitalization, 
and improvement in the appropriate use of fistulas and grafts as opposed to catheters at the initiation 
of hemodialysis.
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Figure 18.4. Cardiovascular disease in patients with or without CKD, 2013. Data Source: Special analyses, Medicare 
5% sample. Patients aged 66 and older, alive, without end-stage kidney disease, and residing in the United States  
on 12/31/2013 with fee-for-service coverage for the entire calendar year. Totals of patients for the study cohort:  
N 5 1,238,888; With CKD 5 132,840; Without CKD 5 1,106,048. AFIB, Atrial fibrillation; AMI, acute myocardial 
infarction; ASHD, atherosclerotic heart disease; CHF, congestive heart failure; CKD, chronic kidney disease; CVA/TIA, 
cerebrovascular accident/transient ischemic attack; CVD, cardiovascular disease; PAD, peripheral arterial disease; 
SCA/VA, sudden cardiac arrest and ventricular arrhythmias; VHD, valvular heart disease. (In public domain from United 
States Renal Data System. (2015). 2015 USRDS annual data report: Epidemiology of Kidney Disease in the United States. 
Bethesda, MD: National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases.)

 1. In patients with established CKD, rates of progression vary between 2.5 and 4.5 mL/min per 
1.73m2 per year, with rapid progression defined as rates of more than 5 mL/min per 1.73 m2 
per year.

 2. CKD is a risk factor for all forms of cardiovascular disease, and aggressive risk factor reduction 
should be standard therapy for patients with CKD.

 3. Early referral to a nephrologist is associated with improved outcomes once patients initiate dialysis.

KEY POINTS:  CKD PROGRESSION AND CONSEQUENCES
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	 1.	 What	causes	anemia	in	patients	with	kidney	disease?
The anemia of chronic kidney disease (CKD) is primarily caused by deficiency of erythropoietin (EPO). 
The kidneys are the major source of EPO, and as kidney function declines, production of EPO declines 
proportionately. Several other factors decrease red blood cell (RBC) life span from the normal 120 days 
to approximately 70–80 days in patients with CKD. These include:
• RBC trauma due to microvascular disease from diabetes or hypertension
• Blood loss from hemodialysis (HD)
• Increased incidence of gastrointestinal bleeding from peptic ulcer disease and angiodysplasia of 

the bowel
• Increased oxidative stress

	 2.	 What	are	the	adverse	effects	of	anemia?
Anemia leads to decreased oxygen-carrying capacity of the blood and decreased delivery of 
oxygen to tissues. This results in fatigue (both with exercise and at rest), decreased cognitive 
function, loss of libido, and decreased sense of well-being. The increased workload on the heart 
may lead to left ventricular hypertrophy. Observational studies of dialysis patients in the 1990s 
demonstrated decreased hospitalizations and mortality among patients with higher hemoglobin 
(Hb) levels, but these may have been confounded by comorbidities that decreased Hb levels and 
also led to poorer outcomes. Randomized controlled trials (RCTs) of erythropoiesis-stimulating 
agents (ESAs) to raise Hb levels have not led to improved outcomes or consistently improved 
quality-of-life (QOF; Table 19.1 and question 17).

	 3.	 How	does	one	evaluate	anemia	in	a	patient	with	CKD?
EPO deficiency is a diagnosis of exclusion, and checking EPO levels in patients with CKD is generally 
not indicated. The routine evaluation of such patients should include:
• Measurement of RBC indices
• Reticulocyte count
• Transferrin saturation (TSAT)
• Serum ferritin
• Stool for occult blood testing

If these tests reveal no alternative cause of anemia, it can be presumed that the anemia is  
primarily due to EPO deficiency.

	 4.	 How	does	one	interpret	TSAT?
TSAT is calculated by dividing the serum iron level by the total iron-binding capacity. The total  
iron-binding capacity reflects circulating transferrin, the major iron-binding protein in plasma. TSAT 
correlates with the amount of iron available for erythropoiesis, because only circulating iron is 
available to the bone marrow for incorporation into RBC. Patients with TSAT ,20% have decreased 
iron delivery to the erythroid marrow, but supplemental iron can only correct this if the iron is 
effectively released from storage sites to the transferrin carrier protein.

	 5.	 How	does	one	interpret	the	serum	ferritin?
The serum ferritin level correlates with storage iron, located primarily in the reticuloendothelial 
system. Interpretation of serum ferritin levels is confounded by ferritin being an acute-phase 
reactant and rising with acute or chronic inflammation. In patients with CKD, serum ferritin level 
,100 ng/mL correlates with a deficiency in storage iron; such patients almost invariably respond to 
supplemental iron therapy.
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	 6.	 What	is	functional	iron	deficiency?
Functional iron deficiency is a bone marrow iron supply-demand mismatch in a patient with normal or 
elevated iron stores. It can occur in the setting of inflammation when elevated hepcidin levels impair 
the release of storage iron to circulating transferrin. It can also occur in patients treated with 
pharmacologic doses of ESAs when the bone marrow is stimulated to produce RBCs faster than the 
transferrin carrier protein can deliver adequate iron substrate. In such patients, TSAT tends to be low 
or low-normal, whereas serum ferritin level may be normal or even high. The operative definition of 
functional iron deficiency is based on a response to intravenous (IV) iron supplementation 
characterized by either an increase in Hb or a decrease in ESA requirements to achieve the same Hb.

	 7.	 What	is	the	role	of	IV	iron?
Studies have demonstrated that functional iron deficiency is common in patients with end-stage kidney 
disease (ESKD) who are treated with ESAs and that IV iron supplementation decreases ESA requirements 
by 20% to 25%. In CKD patients with iron deficiency anemia not receiving ESAs, 1 gm IV iron generally 
raises the Hb 1 gm/dL. For iron-deficient, non-hemodialysis patients who fail oral iron therapy, IV iron 
can be given in larger doses over fewer treatments for patient convenience and vein sparing. In HD 
patients, IV iron is generally administered in smaller, more frequent doses through the dialysis circuit.

	 8.	 What	are	the	adverse	effects	of	IV	iron?
IV iron may be associated with acute reactions such as nausea/vomiting and hypotension, which are 
likely related to free iron in the preparation. IV iron may be associated with allergic or anaphylactic 
reactions to the carbohydrate that binds the iron. There have been concerns regarding the long-term 
effects of IV iron administration, including iron accumulation in tissues, oxidative damage to 
endothelial cells, and increased susceptibility to infection. Retrospective studies in HD patients have 
shown an association with adverse clinical outcomes and monthly IV iron doses over 400 mg, but it is 
impossible to exclude confounding by indication. In a prospective study comparing IV and oral iron in 
patients with nondialysis patients with iron deficiency anemia, patients receiving IV iron had a 2.51 
higher incidence of cardiovascular events and a 2.12 increased risk of hospitalization due to infection 
over a 2-year follow-up period. This supports the Kidney Disease Improving Global Outcomes 
recommendation that in patients with nondialysis CKD and iron deficiency anemia, a 1- to 3-month 
trial of oral iron therapy be considered prior to initiating IV iron therapy.

Table 19.1. �Large�Randomized�Studies�in�Patients�With�Anemia�and�Chronic�
Kidney�Disease�Not�Receiving�Dialysis

CHOIR CREATE TREAT

Location United States Europe International

ESA Epoetin alfa Epoetin beta Darbepoetin alfa

Number of patients 1432 603 4038, type 2 diabetics

High Hb target g/dL 13.5 13–15 13

Low Hb target g/dL 11.3 10.5–11.5 Placebo control, ESA rescue 
for Hb ,9

Cardiovascular  
endpoints

Higher in high 
Hb group

No difference No difference except higher 
stroke and lower coronary 
revascularization in high  
Hb group

Progression of CKD No difference More in high Hb group No difference

Cancer deaths Not noted Not noted Higher in high Hb group 
among patients with prior 
cancer

Quality of life No difference Better in high Hb group No difference except less 
fatigue in high Hb group

CHOIR, Correction of Hemoglobin and Outcomes in Renal Insufficiency; CKD, chronic kidney disease; CREATE, 
Cardiovascular Risk Reduction of Early Anemia Treatment with Epoetin Beta; ESA, erythrocyte-stimulating 
agent; Hb, hemoglobin; TREAT, Trial to Reduce Cardiovascular Events with Aranesp Therapy.
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	 9.	 Why	are	oral	iron	supplements	ineffective	in	treating	the	iron	deficiency	in	patients	receiving
chronic	HD?
Increasing the Hb from 8 g/dL to 11 g/dL in a 70-kg patient requires the incorporation of 600 mg
elemental iron into newly synthesized RBC. Daily iron losses in HD patients are approximately 4 to
7 mg (averaged over dialysis and nondialysis days). Thus the 2 to 4 mg of oral iron absorbed daily
from conventional oral supplements in dialysis patients with elevated hepcidin levels could barely
keep pace with ongoing iron losses, and would not allow the patient to repair the accumulated deficit.
Compounding this problem is the phenomenon of functional iron deficiency, which often results in the
need for high levels of storage iron to facilitate the release of iron to transferrin and delivery of that
iron to the erythroid marrow.

	10.	 Are	there	other	options	for	iron	supplementation	in	HD	patients?
Oral ferric citrate, a phosphate binder, has absorbable iron that has been shown to increase serum
ferritin and TSAT and decrease IV iron requirements in HD patients. Unlike other oral iron
supplements, ferric citrate is associated more with diarrhea than with constipation. Sodium ferric
pyrophosphate added to the hemodialysate solution can replace 5 to 7 mg iron per treatment,
decreasing IV iron requirements by 48%. Dialysate sodium ferric pyrophosphate has a similar safety
profile to placebo.

	11.	 What	is	hepcidin?
Hepcidin is a protein synthesized by the liver in the setting of inflammation, which is usually present
in patients with CKD. Hepcidin decreases iron absorption from the gastrointestinal tract and
movement of iron from the reticuloendothelial system to the circulation. Hepcidin causes an increase
in serum ferritin levels, a decrease in TSAT, and contributes to functional iron deficiency.
Investigational drugs that decrease hepcidin activity improve ESA responsiveness.

	12.	 How	are	ESAs	administered?
Human recombinant erythropoietin (epoetin) is a polypeptide hormone that, like insulin, must be given
through a subcutaneous or IV route. Subcutaneously administered epoetin, because of its slower
absorption and longer half-life, is more effective than a comparable dose administered through IV.
Epoetin dose can be reduced 20% to 30% by switching patients from IV to subcutaneous dosing
while achieving the same Hb.

	13.	 What	is	the	recommended	dose	of	epoetin?
For patients receiving epoetin IV on HD, the recommended starting dose is 50 units/kg of body weight
three times weekly. For patients receiving epoetin therapy subcutaneously, the recommended starting
dose is 30 units/kg administered three times weekly (as is typically done in HD facilities) or
100 units/kg/week administered weekly or biweekly (which is typical for predialysis and peritoneal
dialysis patients). Dose should be titrated at monthly intervals, depending on the Hb response.

	14.	 What	is	the	recommended	dose	of	darbepoietin?
Darbepoetin alfa is an analog of human EPO, with two extra carbohydrate side chains and a longer
duration of action when compared with both native and recombinant hormone. The recommended
starting dose for darbepoetin alfa is 0.45 mcg/kg administered weekly or 0.75 mcg/kg administered
biweekly in dialysis and patients with CKD for both IV and subcutaneous administration, with
subsequent titration based on the Hb concentration. Success with longer dosing intervals for both
epoetin and darbepoetin has been reported.

	15.	 What	is	the	target	Hb	for	patients	with	CKD	receiving	ESA	therapy?
After considering the results of several RCTs of higher versus lower Hb targets in patients with CKD
receiving ESA therapy, the Food and Drug Administration (FDA) changed the product information for
epoetin and darbepoetin in 2011. In these RCTs patients experienced greater risks for death, major
adverse cardiovascular events, and stroke when administered ESAs to target Hb level .11 g/dL (per
the FDA; see the next section). No trial has identified a Hb target level, ESA dose, or dosing strategy
that does not increase these risks. Therefore it is recommended that the lowest ESA dose be used
that is sufficient to reduce the need for RBC transfusions.

	16.	 What	is	the	evidence	on	which	the	FDA	based	its	recommendations	regarding	target	Hb	level?
The Normal Hematocrit Cardiovascular Trial, published in 1998, demonstrated a tendency toward
more cardiovascular events among patients undergoing HD and receiving epoetin who were
randomized to a target hematocrit to 42% versus 30%. Three additional studies comparing high
versus low Hb targets for ESA therapy in patients with nondialysis CKD are summarized in Table 19.1.
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Retrospective analyses of these studies suggest that the risk of adverse outcomes is correlated with
the ESA dose received, rather than the Hb level achieved. A patient who achieves an Hb of 13 g/dL
using a low dose of ESA is at lower risk than a patient who requires a large dose of ESA to increase
the Hb level from 9 to 11 g/dL. It should be noted that the target Hb level in the high Hb arm of
all the principal trials was at least 13 g/dL, and the FDA’s statement that the risk for adverse
outcomes occurred when ESAs were administered to a target Hb .11 g/dL is a very cautious,
non-evidence-based interpretation of the studies’ results.

	17.	 Are	ESAs	toxic?
ESAs are administered to more than 95% of patients receiving dialysis in the United States. Like any
other pharmacologic agent, ESAs have risks that must be weighed against their benefits. The most
compelling benefit of ESA therapy is transfusion avoidance. A pre- versus posttreatment QOL benefit
of ESA therapy was reported in patients receiving dialysis whose baseline Hb in the pre-ESA era was
7–8 g/dL, and the Hb level was increased with ESA to 10–11 g/dL; however, no significant QOL
benefit has been shown in the RCTs comparing Hb targets of 9–11.5 and 13–15 g/dL. None of the
randomized clinical trials of ESA therapy has ever shown a mortality benefit, and the three large trials
in patients with CKD who are not receiving dialysis summarized in Table 19.1 suggest that caution
must be used when treating patients with ESAs to minimize the risk of adverse outcomes. Data
demonstrating an improvement in the rates of stroke, venous thromboembolism, and heart failure (but
not mortality) among dialysis patients following a reduction in mean Hb levels from a change in ESA
reimbursement also suggest that ESAs and/or higher Hb levels have adverse effects in this vulnerable
population.

	18.	 What	is	pure	red	cell	aplasia	(PRCA)?
PRCA is caused by antibodies produced against an exogenous ESA cross-reacting with endogenous
EPO. This results in the complete loss of RBC precursors from the bone marrow and severe anemia.
Most reported cases of PRCA have been associated with alterations of the ESA protein due to
manufacturing, packaging, or distribution issues, and PRCA is almost exclusively associated with
subcutaneous ESA administration. Most patients with PRCA recover after withdrawal of the ESA and
the use of immunosuppressive agents. PRCA is very rare in industrialized countries with robust
regulatory and pharmacovigilance systems.

	19.	 Do	ESAs	promote	cancer?
The increased number of cancer deaths noted in the high Hb arm of the TREAT study, coupled with data
from the oncology literature demonstrating increased tumor progression or recurrence among patients
treated with ESAs, suggests that ESAs should be used with caution in patients with CKD with existing
malignancies. The recommendation is that ESA treatment and dosing should be individualized in the
patient with CKD to weigh benefit versus risk and that very high doses of ESAs should be avoided.

	20.	 Are	there	newer	ESAs?
Methoxy-pegylated epoetin beta (Mircera) was approved by the FDA in 2008, but its introduction into
the U.S. market was delayed until 2015 because of patent infringement issues. Methoxy-pegylated
epoetin beta is effective when administered once monthly and has the same FDA recommendations
regarding dosing and target Hb levels as epoetin and darbepoetin. Its long duration of action may
make it attractive to non-hemodialysis patients who require subcutaneous ESA administration.

	21.	 What	are	biosimilars?
Since ESAs are complex proteins with side chains, not every molecule is identical to each other, and
therefore it is impossible to develop a “generic” version that is identical to the originator molecule. For
biologic drugs whose patents have expired, the FDA has developed an approval pathway for biosimilar
agents whose safety, efficacy, and potency is sufficiently similar to the originator molecule that it can
be used as a therapeutic alternative. The advantage of biosimilar agents is that they are expected to
be 20% to 30% less expensive than the originator molecule. Biosimilar ESAs have been used
successfully in Europe since 2008, and at least two biosimilar ESAs are under development in the
United States as of 2016.

	22.	 What	are	hypoxia-inducible	factor	(HIF)	prolyl	hydroxylase	inhibitors?
Several agents are under development that potentiate the activity of HIF, the substance in the kidney
and other tissues that senses decreased delivery of oxygen (from hypoxemia or anemia) and
stimulates the production of EPO. In the absence of hypoxia, HIF is rapidly degraded by an enzyme,
prolyl hydroxylase (HIF-PH). By inhibiting HIF-PH, these agents increase HIF and endogenous EPO
activity. These agents are orally active and effective, even in patients with ESRD, suggesting that
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significant EPO production can be induced in nonrenal tissues This is supported by the observation 
that HIF-PH inhibitors are effective in anephric patients with ESRD.

	23.	 Are	there	special	considerations	for	patients	with	CKD	and	sickle	cell	disease?
There are no evidence-based guidelines regarding whether the anemia of patients with CKD and 
sickle cell disease should be treated differently from other patients with anemia and CKD. Because of 
ongoing RBC destruction, patients with sickle cell disease have lower Hb levels and higher ESA 
requirements than their anemic CKD counterparts. Transfusions are more often required in patients 
with sickle cell disease than in other patients with anemia and CKD, so attention must be paid to the 
potential for iron overload and sensitization for future kidney transplantation. As in all patients, ESA 
and transfusion therapy in patients with sickle cell disease should carefully weigh risk versus benefit.

	24.	 What	is	the	role	of	transfusions	in	the	treatment	of	CKD-associated	anemia?
RBC transfusion therapy for the anemia of CKD in the pre-ESA era was associated with the 
transmission of bloodborne infections, iron overload, and sensitization for future kidney 
transplantation. Despite the controversies regarding the risk versus benefits of ESA therapy, there is 
no dispute that ESAs decrease RBC transfusion requirements, and far fewer patients receiving ESAs 
require RBC transfusions than patients not receiving ESAs. Nonetheless, RBC transfusions are 
occasionally required in patients with anemia and CKD, despite the use of ESA and iron therapy, 
especially in the setting of acute blood loss.

	25.	 What	Hb	level	should	trigger	transfusion	in	a	CKD	patient?
Because RBC transfusions carry the risk of sensitization for future kidney transplantation, they should 
be used judiciously in patients with CKD, especially those who are transplant candidates. There is no 
single Hb or Hb range that is considered a trigger for RBC transfusions in patients with CKD based on 
current practice guidelines, although most practitioners will transfuse patients with Hb ,7 g/dL. It 
should be pointed out that the Hb target/trigger for transfusion is not the same as the Hb target range 
for ESA therapy.

 1. The anemia of chronic kidney disease (CKD) is primarily caused by deficiency of erythropoietin.
 2. Many patients with CKD not receiving hemodialysis and most patients receiving hemodialysis are 

iron deficient and require iron supplementation.
 3. Because higher target hemoglobin levels and higher erythropoiesis-stimulating agent (ESA) doses 

have been associated with adverse outcomes, the FDA recommends using the smallest ESA dose 
sufficient to reduce the need for red blood cell transfusions.

 4. Biosimilar ESAs and hypoxia-inducible factor prolyl hydroxylase inhibitors may be promising alter-
natives to anemia treatment with “originator” ESAs.

KEY POINTS
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	 1.	 What	is	chronic	kidney	disease–mineral	and	bone	disorder	(CKD-MBD)?
CKD-MBD is a systemic disorder of mineral and bone metabolism resulting from CKD that may be 
manifested by either one or a combination of the following:
• Laboratory abnormalities associated with disturbed mineral metabolism, including abnormalities of:

• Calcium
• Phosphorus,
• Parathyroid hormone (PTH)
• Vitamin D metabolites

• Bone disease defined as renal osteodystrophy (ROD) including abnormalities in:
• Bone turnover
• Bone mineralization
• Bone volume
• Bone strength
• Linear growth

• Calcification of extraskeletal tissue, which would include the vasculature and other soft tissues

	 2.	 How	do	we	define	ROD?
ROD is the term used to describe the bone lesions associated with CKD-MBD. ROD is an alteration of 
bone morphology in patients with CKD. It represents the skeletal component of the systemic disorder 
CKD-MBD. It is assessed by bone histomorphometry. There are three key histologic descriptors:
• Bone turnover: normal, increased, or decreased
• Bone mineralization: normal or abnormal
• Bone volume: normal, increased, or decreased

This is referred to as the TMV (turnover, mineralization, and volume) system—with any 
combination of each of the descriptors possible in each specimen. The TMV classification scheme 
provides a clinically relevant description of the underlying bone pathology.

	 3.	 Name	the	factors	contributing	to	secondary	hyperparathyroidism	and	high-turnover	bone	disease.
The factors responsible for secondary hyperparathyroidism associated with CKD include:
• Hyperphosphatemia from diminished kidney phosphorus excretion
• Hypocalcemia, impaired kidney production of active 1,25-dihydroxyvitamin D (calcitriol)
• Alterations in the control of PTH gene transcription
• Skeletal resistance to the calcemic action of PTH
• Fibroblastic growth factor 23 (FGF23), which may indirectly promote hyperparathyroidism by inhib-

iting production of 1,25-dihydroxyvitamin D

	 4.	 Describe	the	bone	lesion	associated	with	hyperparathyroidism.
The primary histologic bone lesion associated with moderate to severe hyperparathyroidism is a high-
turnover lesion, sometimes called osteitis fibrosa cystica. Clinically it is associated with nonspecific 
bone pain, proximal myopathy. The serum-intact PTH level is usually higher than 350 to 500 pg/mL. 
Radiologic features are subperiosteal resorption, Brown tumors, and a mottled and granular  
salt-and-pepper appearance to the skull. The histologic features include:
• Increased turnover (T) as indicated by increased bone resorption and formation with increased 

numbers of osteoclasts and osteoblasts, and increased tetracycline uptake
• Abnormal mineralization (M), as indicated by increase of woven bone, peritrabecular fibrosis and 

there may or may not be increased osteoid
• Generally increased volume (V)
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	 5.	 How	is	high-turnover	bone	disease	treated?
Treatment of this disorder entails prevention and correction of the factors leading to secondary 
hyperparathyroidism:
• Phosphorus control: dietary restriction, phosphate binders, adequate dialysis
• Prevention of hypocalcemia: oral calcium supplements, correction of vitamin D deficiency, dialysis
• Suppression of PTH production and secretion: vitamin D receptor activators (VDRA), including cal-

citriol, paricalcitol, and doxercalciferol, and/or the use of calcimimetics (cinacalcet, elecalcetide; 
Table 20.1)

• Surgical parathyroidectomy: in severe cases, parathyroidectomy may be required; however, bone 
biopsy should be considered prior to surgery

	 6.	 What	disorders	are	associated	with	low-turnover	bone	disease?
Low-turnover or adynamic bone disease is defined by the presence of low or absent bone formation 
as determined by decreased tetracycline uptake into bone, in conjunction with a paucity of bone-
forming osteoblasts and bone-resorbing osteoclasts (decreased T). It may also be associated with a 
defect in mineralization (abnormal M), resulting in the histologic lesion referred to as osteomalacia. 
Bone volume (V) is variable. Clinically it may manifest with nonspecific bone pain and fractures. PTH 
concentrations are relatively low (less than 100 to 200 pg/mL), and hypercalcemia is a common 
feature. There may be a tendency for increased extraskeletal calcification. Low turnover is 

Table 20.1. �Impact�and�Challenges�With�Vitamin�D�to�Treat�Secondary�
Hyperparathyroidism�in�Patients�With�Chronic�Kidney�Disease

VITAMIN D  
COMPOUND

BIOLOGIC AND CLINICAL  
IMPACT CHALLENGES

Ergocalciferol (D2)
Cholecalciferol (D3)

Effective in repleting 25-D and 
1,25-D in patients with early-stage 
CKD and adequate kidney function

Requires activation in the liver to 
generate 25-D
Requires activation in the kidney to 
generate active 1,25-D
Provides only partial suppression of 
PTH in patients with later-stage CKD

ER Calcifediol Effective in repleting 25-D and 
1,25-D in patients with CKD 3 and 4
Effectively suppresses SHPT

No data in CKD stage 5

Calcitriol Biologically active VDR agonist
Effectively suppresses SHPT
Reduces abnormal high bone  
turnover

Hypercalcemia, hypercalciuria, and 
hyperphosphatemia evident at high 
doses

Doxercalciferol Suppresses SHPT similar to or better 
than calcitriol
Noted reduction in serum bone- 
specific alkaline phosphatase and 
osteocalcin

Requires activation in liver to  
generate active 1,25-D
Induces significant elevation of  
serum P, elevating need for  
phosphate binder use

Alphacalcidol Suppresses SHPT similar to or better 
than calcitriol

Requires activation in kidney to  
generate active 1,25-D
Induces significant elevation of se-
rum P, elevating need for phosphate 
binder use

Paricalcitol Biologically active VDR agonist
Effectively suppresses SHPT
Noted reduction in serum bone- 
specific alkaline phosphatase and 
osteocalcin

Minimal elevation in Ca, P, and  
Ca 3 P product, requiring Ca and 
P monitoring

1,25-D, 1,25-Dihydroxyvitamin D; 25-D, 25-hydroxyvitamin; Ca, calcium; CKD, chronic kidney disease; ER, 
extended release; P, phosphorus; PTH, parathyroid hormone; SHPT, Secondary hyperparathyroidism; VDR, 
vitamin D receptor.
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characterized histologically by absence of cellular (osteoblast and osteoclast) activity, osteoid 
formation, and endosteal fibrosis. This is a disorder of decreased bone formation, accompanied by a 
secondary decrease in bone mineralization. Low turnover disease was initially described as a result of 
aluminum toxicity. Aluminum bone disease is diagnosed by special staining, which demonstrates the 
presence of aluminum deposits at the mineralization front. Outside of aluminum, the major risk factors 
for low turnover bone disease include diabetes, aging, and malnutrition. The other causes of low bone 
formation in CKD are multifactorial and include:
• Vitamin D deficiency
• High serum phosphate
• Metabolic acidosis
• Elevated circulating cytokine levels (interleukin [IL]-I, tumor necrosis factor [TNF])
• Low estrogen and testosterone levels

Normal or mildly elevated serum PTH concentrations have been associated with adynamic bone 
disease, as there is a resistance to the bone stimulatory effect of PTH in CKD. PTH receptor 
downregulation is one potential mechanism to explain the bone resistance effect to PTH resulting,  
in part, from persistently elevated PTH.

	 7.	 What	is	osteomalacia?
Osteomalacia is an abnormality of mineralization (M) that is characterized by an excess of 
unmineralized osteoid, manifested as wide osteoid seams and a markedly decreased mineralization 
rate. The presence of increased unmineralized osteoid per se does not necessarily indicate a 
mineralizing defect, because increased quantities of osteoid appear in conditions associated with high 
rates of bone formation when mineralization lags behind the increased synthesis of matrix. Other 
features of osteomalacia include the absence of cell activity and the absence of endosteal fibrosis; 
there is normal or decreased osteoid volume and decreased mineralization. Frequently, aluminum 
disease is associated with osteomalacia. Serum PTH is, in general, normal or low, and hypercalcemia 
is common. Looser zones or pseudofractures are radiologic characteristics.

	 8.	 What	is	mixed	uremic	osteodystrophy	(MUO)?
MUO is the term that has been used to describe bone biopsies that have features of secondary 
hyperparathyroidism together with evidence of a mineralization defect. There is extensive osteoclastic 
and osteoblastic activity and increased endosteal peritrabecular fibrosis, coupled with more osteoid 
than expected, and tetracycline labeling uncovers a concomitant mineralization defect. Unfortunately, 
MUO, in particular, and high- and low-turnover bone disease have been inconsistent and poorly 
defined. Thus it is best to describe bone histology or ROD according to the TMV system, as defined as 
part of CKD-MBD.

	 9.	 What	is	calcific	uremic	arteriolopathy	(CUA)?
CUA, or calciphylaxis is a rare but life-threatening syndrome characteristically occurring in individuals 
with ESRD, but has been described in patients with normal kidney function and calcium/phosphate 
metabolism. CUA generally presents as excruciatingly painful eschars on the lower limbs but may 
affect other sites, including the abdominal wall, breasts, and penis, and only rarely the face or upper 
extremities. The syndrome typically begins with dysesthesia, followed by the development of 
erythema resembling livedo reticularis, and progression to frank ulceration. There may be palpable 
deposits of calcium subcutaneously. The lesions are intensely painful, and the surrounding tissue may 
be pruritic. The lesions have been proposed to occur at sites of adipose tissue where diminished 
blood flow contributes to hypoxia. Major risk factors for CUA include:
• Female gender
• Diabetes mellitus
• Obesity
• Malnutrition
• Elevated serum phosphate
• Warfarin

The underlying pathology is vascular calcification. The calcification was historically assumed to 
be a passive event caused by deranged calcium and phosphate metabolism; however, this 
calcification is an actively regulated process. Elevated phosphate levels has been regarded as one of 
the most important factors in initiating CUA, with persistent hyperphosphatemia and hypercalcemia 
promoting vascular mineralization. Defects in a number of inhibitors of calcification, including matrix 
GLA protein and fetuin, play a causative role. Most patients with CUA die from complications of wound 
infections. Therapy should be focused on wound management and controlling serum phosphate 
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levels. Parathyroidectomy is controversial and is generally not recommended unless PTH levels are
markedly elevated (.900 ng/mL). Aggressive dialysis, nutrition, and non-calcium-containing
phosphate binders are the mainstay of therapy. Some studies have demonstrated anecdotal response
to sodium thiosulfate. It is unclear if calcimimetics or bisphosphonates are beneficial.

	10.	 How	should	treatment	be	approached	for	patients	with	CKD	stages	 3	to	4?
The earliest manifestations of CKD-MBD in the evolution of CKD are increases in FGF23, phosphate
retention, decreases in calcitriol, then increases in PTH, and finally (in late stage 4, early stage 5
disease) hyperphosphatemia and eventually hypocalcemia. Most patients are also calcidiol
(25-hydroxy vitamin D) deficient. Unfortunately, adequate studies demonstrating clinical outcome
benefit to various therapies are lacking. Therefore treatment recommendations have been based on
expert opinion and clinical judgment. The current approach to therapy should be aimed at reversing
or preventing these perturbations in mineral metabolism. A reasonable approach would be to
prevent phosphate retention either through moderate phosphate restriction or the introduction of
phosphate binders (Table 20.2). To date, the use of phosphate binders has not been approved in
CKD stages 3 and 4, nor are there adequate studies demonstrating that the use of phosphate
binders results in improved patient outcome. Furthermore, there may be a risk of worsening
coronary artery calcifications, especially with the use of calcium-containing phosphate binders.
It is also reasonable to correct the calcidiol deficiency by replacing nutritional vitamin D, either
with cholecalciferol (1200 to 2000 units/day) or ergocalciferol (50,000 units once monthly to
once weekly). Cholecalciferol is vitamin D3, which comes from animal sources, as opposed to
ergocalciferol, vitamin D2, which comes from plants. Although cholecalciferol is more readily orally
absorbed, once absorbed, both D2 and D3 compounds are essentially equivalent. Extended-release
(ER) calcifediol (25-hydroxycholecalciferol) may be more effective than nutritional vitamin D in
correcting both the vitamin D deficiency and hyperparathyroidism. If PTH levels remain elevated
after some degree of phosphate control and correction of vitamin D deficiency, then it would be
reasonable to use a VDRA—calcitriol, paricalcitol, or doxercalciferol. There does not appear to be
a role for calcimimetics in CKD stages 3 and 4. Although the National Kidney Foundation’s Kidney
Disease Outcomes Quality Initiative (K/DOQI) and Kidney Disease: Improving Global Outcomes
(K/DIGO) have suggested therapeutic targets for PTH concentrations, unfortunately there are
insufficient data to support those targets, and patients should be treated using clinical judgment
(Table 20.3).

	11.	 How	should	treatment	be	approached	for	patients	with	CKD	stage	5?
Patients with stage 5 CKD who have not been previously treated generally present with
hyperphosphatemia, hyperparathyroidism, and very low calcitriol concentrations, and may have low,
normal, or elevated serum calcium. Furthermore, most of these patients are also calcidiol deficient.
Similar to patients with CKD stages 3 and 4, there is a lack of prospective clinical studies
demonstrating that correction of mineral abnormalities improve hard clinical endpoints. However,
expert consensus agrees that therapy should definitely be focused to control serum phosphate to at
least 5.5 mg/dL, if not to normal values by the use of adequate dialysis, dietary phosphate restriction,
and phosphate binders. The use of calcium-containing binders (calcium carbonate or calcium acetate)
should be limited to less than 1500 mg of calcium a day. Calcium acetate is a more effective
phosphate binder per mg of calcium compared with calcium carbonate. Thus the use of calcium
carbonate may result in greater absorption of calcium relative to phosphate binding, compared with
calcium acetate. If patients have evidence of vascular calcifications, calcium-containing binders
should be avoided. The non-calcium-containing binders include either sevelamer, lanthanum, or iron-
based compounds (see Table 20.2). Both sevelamer, as either sevelamer HCl or carbonate, and
lanthanum carbonate have been available for many years and have proven to be effective with few
side effects or long-term risks. However, the dose for sevelamer generally requires three to four times
the number of pills than that required for lanthanum with comparable phosphate control. Two iron-
based phosphate binders, ferric citrate and sucroferric oxyhydroxide, are effective, with few side
effects. Ferric citrate increases iron loading and lowers erythropoietin stimulating agent (ESA)
requirements. Succroferric oxyhydroxide is as effective as sevelamer carbonate, with about a third of
the pill burden. Succroferric oxyhydroxide does not significantly affect iron balance or ESA dosing.

If patients have extremely elevated serum phosphorus, a short course of aluminum-containing
phosphate binder may be considered; however, its long-term use should be avoided because of the
risk of aluminum toxicity.

Hyperparathyroidism and calcitriol deficiency could be addressed with the use of VDRAs.
Calcitriol is effective but carries a greater risk of causing hypercalcemia and/or hyperphosphatemia,
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whereas paricalcitol appears to have the lowest risk for hypercalcemia and hyperphosphatemia. 
Doxercalciferol, a prohormone, is also effective at reducing PTH, but may have a higher incidence of 
hypercalcemia and/or hyperphosphatemia than paricalcitol. Only one study has directly compared 
VDRAs in patients receiving dialysis, and that was between calcitriol and paricalcitol, which 
demonstrated comparable reduction in PTH but greater incidence of hypercalcemia and increase in 
calcium 3 phosphate product in those receiving calcitriol. Unfortunately, no prospective studies have 
yet been performed that have demonstrated the use of VDRAs improve hard clinical outcomes, such 
as survival, fractures, and cardiovascular events.

Table 20.2. Characteristics�of�Commonly�Used�Phosphate�Binders

PHOSPHATE 
BINDER BENEFITS HAZARDS

BONE BIOPSY 
FINDINGS

Aluminum Potent and effective
Useful for short term in se-
vere hyperphosphatemia

Dementia
Low-turnover bone  
disease/osteomalacia
Anemia
Should not be used as 
maintenance therapy

Markedly de-
creases turnover, 
markedly impairs 
mineralization, and 
moderately de-
creases volume

Calcium salt 
based

Effective
Inexpensive
Treats hypocalcemia
Antacid properties useful  
for reflux and peptic ulcer 
disease

High calcium load
Hypercalcemia
Development of adynamic 
bone disease
Extraosseous/vascular 
calcifications

May slightly  
decrease bone 
turnover, no effect 
on mineralization 
or volume

Sevelamer Effective
No systemic absorption
Lowers level of low-density 
lipoprotein cholesterol
Lower risk of hypercalcemia
Reduces aortic and coronary 
calcification versus calcium 
salts
Lower risk of adynamic bone 
disease versus calcium salts

Expensive
Binds bile acids
May inhibit absorption of 
active vitamin D
Not effective in acidic  
environment
Gastrointestinal  
symptoms such as  
diarrhea/constipation
High pill burden

May slightly in-
crease bone turn-
over, no effect on 
mineralization, and 
may slightly  
increase bone  
volume

Lanthanum  
carbonate

Potent and effective over 
wide pH range
Lack of hypercalcemia
No evidence of increased 
risk of low bone turnover 
disease
Reduced pill burden

Expensive
Gastrointestinal symp-
toms such as dyspepsia

May increase bone 
turnover, no effect 
on mineralization, 
and increases in 
bone volume

Ferric citrate Effective
Significant absorption of iron 
that may decrease iron and 
ESA requirements
Lack of hypercalcemia

Expensive
Gastrointestinal symp-
toms such as diarrhea/
dark stools
High pill burden
Potential for iron overload

Unknown

Sucroferric  
oxyhydroxide

Potent and effective over 
wide pH range
Lack of hypercalcemia
No significant systemic  
absorption
Reduced pill burden

Expensive
Gastrointestinal symp-
toms such as diarrhea/
dark stools

Unknown
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The calcimimetic, cinacalcet lowers PTH, calcium, and phosphate concentrations in ESKD 
patients. The EVOLVE study, a 5-year prospective trial of cinacalcet, used in combination of VDRAs,  
did not reduce mortality, cardiovascular disease, or fractures, but was associated with decrease in 
parathyroidectomies, compared with VDRA use alone. In addition to cinacalcet, there is a parenteral 
calcimimetic, elecalcetide, which also appears to be similarly effective to cinacalcet.

There has been some controversy as to the optimal PTH concentration to achieve in patients 
with stage 5 CKD. K/DIGO has expanded the K/DOQI range (150 to 300 pg/mL) to two to nine times 
the upper limit of normal for the particular PTH assay being used. The problem is that it has not 
clearly been defined as to what PTH values are consistently associated with normal bone histology. 
Furthermore, it has been noted that there are great discrepancies between various PTH assays. Thus 
a reasonable approach is to manage patients with only one PTH assay, to follow trends in PTH levels 
(as suggested by K/DIGO), and to use appropriate clinical judgment in managing PTH levels. Whether 
it is reasonable to correct the calcidiol deficiency by replacing nutritional vitamin D with 
cholecalciferol or ergocalciferol remains open for debate. To date, there is no data on the use of ER 
calcifediol in patients with stage 5 CKD.

	12.	 Can	osteoporosis	be	diagnosed	in	patients	with	CKD?
Osteoporosis is a condition of decreased bone mass, leading to fragile bones, which are at an 
increased risk for fractures. The diagnosis of osteoporosis is generally based on measurements of 
bone mineral density (BMD). The World Health Organization (WHO) has established criteria for making 
the diagnosis of osteoporosis. These criteria are based on comparing the BMD of the patient with that 
of a typical healthy, young gender-matched adult. BMD values that fall well below the average for 
healthy young adults (stated statistically as 2.5 standard deviations below the average referred to as 
the T-score) are diagnosed as osteoporotic. Although these criteria are widely used, they were based 
and validated only on Caucasian females. Furthermore, underlying diseases, such as chronic kidney 
disease, were excluded from the analyses. In non-CKD populations, fracture risk increases 
approximately 1.6-fold for every SD decrement in BMD, irrespective of gender. Although CKD patients 

Table 20.3. �Comparison�of�Kidney�Disease�Outcomes�Quality�Initiative�With�
Kidney�Disease:�Improving�Global�Outcomes�Mineral�Guidelines

K/DIGO K/DOQI

Monitoring of Ca, phos, 
PTH

Starting at CKD stage 3
CKD stage 5
Ca and phos monthly
PTH quarterly
Include alkaline phosphatase: high 
or low levels may predict bone 
turnover

Same, no comment on alkaline 
phosphatase

Goal calcium Normal range CKD stages 3–5 Same, weighted to lower end of 
normal range (8.4–9.5 mg/dL)

Goal phosphorus Normal range stages 3–5 Range 2.7–4.6 mg/dL stages 3–4, 
3.0–5.5 mg/dL for stage 5

Goal PTH Evaluate patients with PTH above 
upper limits of normal for correct-
able factors: low phos/ca, low vita-
min D. Treat based on trends to 
achieve PTH between 2 and 9 
times the upper limit of normal

Target ranges:
CKD3 35–70 pg/mL
CKD4 70–110 pg/mL
CKD5 150–300 pg/mL

Bone biopsy Reasonable in various settings and 
prior to bisphosphonate therapy in 
CKD-MBD

Should be considered

Ca, Calcium; CKD, chronic kidney disease; CKD-MBD, chronic kidney disease–mineral and bone disorder; K/
DIGO, Kidney Disease: Improving Global Outcomes; K/DOQI, Kidney Disease Outcomes Quality Initiative; 
phos, phosphorus; PTH, parathyroid hormone.
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have decreased BMD, the degree of bone loss is not directly associated with the decrease in 
estimated GFR. Furthermore, BMD measurements are not able to discriminate between the 
histological or microarchitectural abnormalities seen in CKD and thus have not been able to 
consistently discriminate between CKD patients who fracture and those who do not fracture. It is 
important to remember that there are many potential causes for decreased bone density in CKD 
patients, including hypogonadism, sedentary lifestyle, smoking, use of steroids, poor protein intake, 
vitamin D deficiency, diabetes, and Ca deficiency. Thus in CKD patients, fractures are not necessarily 
related to osteoporosis, and the diagnosis could only be made after ruling out and correcting all 
underlying causes of CKD-MBD and generally requires a bone biopsy prior to proceeding with 
traditional anti-osteoporotic therapy.

	13.	 Is	there	a	role	for	parathyroidectomy?
Ideally, parathyroidectomy should be avoided with the initiation of early therapy to prevent the 
development of severe hyperparathyroidism with monoclonal nodular transformation of the 
parathyroid gland. As the parathyroid glands develop monoclonal nodularity, there is loss of both the 
calcium-sensing receptor and the vitamin D receptor. Thus, as the parathyroid glands develop large 
nodules, they are no longer responsive to normal physiologic control and are resistant to 
pharmacologic therapy, which is a poor prognostic sign. An attempt should be made to treat patients 
early before severe hyperparathyroidism develops. In patients with severe hyperparathyroidism, 
treatment with high-dose VDRAs and cinacalcet may be necessary; however, if severe 
hyperparathyroidism persists and patients develop hypercalcemia and hyperphosphatemia, a 
parathyroidectomy may be required. There is much controversy as to the best approach for 
parathyroidectomy, whether a subtotal parathyroidectomy should be performed or a total 
parathyroidectomy with reimplantation of part of a gland into either the forearm or the 
sternocleidomastoid muscle. The problem of reimplantation is that frequently the implanted tissue 
becomes fibrotic and does not function, or the patient (rarely) could develop parathyroidomatosis, in 
which microscopic cells produce high levels of PTH. A relatively common complication following 
parathyroidectomy is the development of the hungry bone syndrome. This occurs in patients with 
long-standing, severe hyperparathyroidism. Following the rapid drop in PTH concentrations, the bones 
rapidly take up both calcium and phosphate as they remineralize, resulting in hypocalcemia and 
possibly hypophosphatemia. These patients require high doses of calcium and calcitriol to prevent 
symptomatic hypocalcemia. Depending on the severity of the preexisting hyperparathyroidism, this 
can last for weeks to even months. Experienced parathyroid surgeons may be able to perform partial 
parathyroidectomy, while trying to selectively remove nodular tissue, and leave behind normal-
appearing gland. Surgery should be performed utilizing intraoperative PTH measurements. Although 
several studies have suggested improved survival in dialysis patients following parathyroidectomy, a 
cohort analysis of USRDS ESRD database demonstrated increased morbidity following 
parathyroidectomy.

	14.	 What	are	the	biochemical	changes	in	mineral	metabolism	following	kidney	transplantation?
Significant changes in mineral metabolism are observed following transplantation. PTH concentrations 
decrease significantly during the first 3 months but typically stabilize at elevated values after 1 year. It 
is common for PTH values to range from one to two times the upper limit of normal. Serum calcium 
tends to increase after transplant and then stabilize at the higher end of the normal range within  
2 months. A small percentage of patients will have persistent hypercalcemia. Serum phosphorus 
generally decreases rapidly to within or below normal levels after surgery, and hypophosphatemia,  
if present, generally resolves within 2 to 4 months. However, a small group of patients will have 
persistent hypophosphatemia. Low levels of calcitriol typically do not normalize until almost  
18 months after transplantation. If patients have persistent hypercalcemia with hyperparathyroidism, 
the practice is to wait at least 1 year prior to considering a parathyroidectomy. Lately it has become 
relatively common practice to treat patients with hypercalcemia and hyperparathyroidism with 
cinacalcet; however, data demonstrating a long-term benefit of this practice presently are lacking.

	15.	 What	bone	lesion	is	typical	after	kidney	transplantation?
Fractures are very common following kidney transplantation associated with bone loss in the first 1 to 
2 years. The use of corticosteroids for immunosuppression is considered to be the major contributor. 
The decreased use of corticosteroids has resulted in less fractures following transplantation. However, 
other factors such as persistent hyperparathyroidism, vitamin D deficiency, persistent and/or 
progressive CKD, and hypophosphatemia are contributing factors. Therapy should be focused on 
identifying the underlying metabolic disorder and appropriately managing it.
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 1. Chronic kidney disease–mineral and bone disorder (CKD-MBD) is a systemic disorder of mineral 
and bone metabolism resulting from CKD that may be manifested by at least one of the following:
 a. Laboratory abnormalities associated with disturbed mineral metabolism
 b. Bone disease, defined as ROD
 c. Calcification of extraskeletal tissue

 2. The manifestations of CKD-MBD in the chronologic evolution of CKD are:
 a. Phosphate retention
 b. Increases in FGF23
 c. Decreases in calcitriol
 d. Increases in PTH
 e. Finally (in late stage 4, early stage 5 disease), hyperphosphatemia and eventually hypocalcemia.
Most patients are also calcidiol (25-hydroxy vitamin D) deficient.

 3. In stage 5 CKD, therapy is focused on maintaining the serum phosphate below 5.5 mg/dL by the 
use of adequate dialysis, dietary phosphate restriction, and phosphate binders.

 4. Treatment of hyperparathyroidism in stage 5 CKD should be addressed with the use of vitamin D 
receptor activators (VDRAs) and calcimimetics.

 5. The optimal PTH concentration in patients with stage 5 CKD has not been prospectively deter-
mined, and there are significant discrepancies between various PTH assays. Thus a reasonable  
approach is to manage patients with only one PTH assay, to follow trends in PTH levels (as  
suggested by K/DIGO), and to use appropriate clinical judgment in managing PTH levels. Kidney 
Disease: Improving Global Outcomes (K/DIGO) suggests a target of two to nine times the upper  
limit of normal for the particular PTH assay being used.

KEY POINTS
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	 1.	 What	is	the	relationship	between	the	decrease	in	the	glomerular	filtration	rate	and	cardiovascular	
disease?
Patients with chronic kidney disease (CKD) have a substantial increase in risk for death from cardio-
vascular disease. Even small decreases in kidney function, as measured by the estimated glomerular 
filtration rate (eGFR), are associated with this higher risk, and it increases progressively as kidney 
function declines. Patients with CKD are substantially more likely to die from heart disease than 
progress to dialysis. In patients with end-stage kidney disease (ESKD), the risk for death is 10- to 
100-fold higher than age- and gender-matched individuals without kidney disease. Conversely, in 
patients with known heart disease (like coronary artery disease or heart failure), the greater the  
severity of kidney disease, the worse the patient outcome, including higher mortality and, in patients 
hospitalized for non-ST segment elevation myocardial infarction, a longer length of stay.

	 2.	 What	is	the	relationship	between	albuminuria/proteinuria	and	cardiovascular	disease?
The presence of albuminuria is also associated with a higher risk of death from cardiovascular dis-
ease. This risk begins even when the amount of urine albumin is not enough to meet the criteria for 
the diagnosis of microalbuminuria. As the amount of urine albumin increases, so does the risk for 
death from heart disease—the risk is higher in individuals with microalbuminuria and even higher 
among those with overt proteinuria.

	 3.	 Why	is	the	risk	for	cardiovascular	disease	increased	in	CKD?
Both traditional and nontraditional risk factors are important contributors to cardiovascular disease.  
Diabetes mellitus and hypertension are the two most common causes of CKD—both are also known  
cardiovascular risk factors. Moreover, diseases like hypertension are more severe in the setting of CKD. 
However, traditional risk factors are insufficient to explain the high cardiovascular risk seen with CKD. A 
large number of nontraditional risk factors have been identified, such as systemic inflammation, high serum 
phosphorus, and oxidative stress (among others). However, at this time, it remains unclear if any of the  
traditional or nontraditional risk factors can be modified to reduce the risk of heart disease (Table 21.1).

	 4.	 What	types	of	cardiovascular	disease	are	seen	in	patients	with	CKD?
There are two major overlapping categories of cardiovascular disease associated with CKD: disorders 
of cardiovascular perfusion, which includes atherosclerotic cardiovascular disease; and disorders of 
cardiac function, such as congestive heart failure and left ventricular hypertrophy. Disorders of vascu-
lar perfusion include coronary artery disease, cerebrovascular disease, peripheral vascular disease, 
and renovascular disease.

	 5.	 Are	there	other	forms	of	cardiovascular	disease	seen	in	patients	with	CKD?
Cardiovascular calcification is a frequent contributor to cardiovascular disease in CKD; it can occur  
either in heart valves, the tunica intima, or the tunica media of the blood vessels. Calcified blood vessels 

Table 21.1. Nontraditional Risk Factors for Cardiovascular in Chronic Kidney Disease

Salt and volume overload Anemia

Left ventricular hypertrophy Metabolic acidosis

Uremic toxins Use of immunosuppressants

Sympathetic overactivity Oxidative stress

Altered mineral metabolism Inflammation

Vascular calcification Endothelial cell dysfunction

Protein-energy wasting Albuminuria/proteinuria
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can often be seen on plain x-rays in patients with CKD, particularly among the elderly or those being
treated with dialysis. Though not fully understood, during vascular calcification, the smooth muscle
cells of vessels express osteocytic phenotypes and the calcium phosphate deposition resembles hy-
droxyapatite seen in bone. The greater the severity of vascular calcification, the greater the risk of
death. There are many reasons why patients with CKD develop vascular calcification; an increase in
serum phosphorus is considered to be an important contributor, and this may be a potentially modifi-
able risk factor. Hence, the management of elevated phosphorus levels may reduce the risk for heart
disease; however, this approach remains unproven.

Calciphylaxis, or cacificic uremic arteriolopathy, is an accelerated form of vascular calcification
typically seen in patients with CKD stage 5. Risk factors include warfarin therapy, altered mineral
metabolism, and obesity. The process can lead to nonhealing wounds and is often fatal. Parathyroid-
ectomy and/or sodium thiosulfate therapy may be of benefit.

	 6.	 What	are	the	clinical	manifestations	of	cardiovascular	disease	in	CKD?
Manifestations of cardiovascular disease include angina pectoris, myocardial infarction, congestive
heart failure, stroke, peripheral vascular disease, arrhythmias, and sudden cardiac death. In advanced
CKD, cardiovascular disease is often manifested by left ventricular hypertrophy, diastolic dysfunction,
and heart failure. The national registry for dialysis patients—the United States Renal Data System—
reports that about 30% of patients with CKD over 66 years of age have congestive heart failure. Left
ventricular hypertrophy may be accompanied by left ventricular remodeling and fibrosis, and these
changes, with or without coronary artery disease (in addition to electrolyte shifts and volume expan-
sion), may contribute to the high incidence of sudden cardiac death in this population. Indeed, sudden
cardiac death is the most common cause of death in dialysis patients.

The clinical manifestations of acute coronary syndrome are also atypical in patients with CKD,
and the electrocardiographic findings may be obscured by the presence of left ventricular hypertrophy.

	 7.	 What	should	be	the	goal	blood	pressure	for	the	treatment	of	hypertension	in	patients	with	CKD?
Long-term follow-up of participants with nondiabetic CKD in the Modification of Diet in Renal Disease
study showed that aggressive control of blood pressure was associated with slowing in the rate of
loss of kidney function. However, the results of other studies examining the association of intensity of
blood pressure control on the progression of kidney disease has not been consistent, and a recent
meta-analyses of clinical trials in patients with nondiabetic kidney disease was not able to show the
benefit as seen in the Modification of Diet in Renal Disease study. The results of the Systolic Blood
Pressure Intervention Trial (SPRINT) trial have recently been published and show that targeting blood
pressure ,120 mm Hg systolic, measured using a standardized approach distinct from how mea-
surements are made in clinical practice, was associated with a 25% lower risk for the composite
primary outcome of myocardial infarction, other acute coronary syndromes, stroke, heart failure, or
death from cardiovascular causes. The benefit was the same in patients with and without kidney
disease; the results of the effect of aggressive control of blood pressure on the rate of loss of kidney
function are awaited. Given the results of this landmark study, it seems prudent to target lower blood
pressure in patients with CKD, which has not been the norm recently.

	 8.	 Does	reduction	in	proteinuria	decrease	cardiovascular	risk?
The greater the proteinuria, the higher the cardiovascular risk. A reduction in urine protein excretion is
associated with long-term slowing in the loss of kidney function. However, whether or not reduction in
proteinuria will reduce cardiovascular risk is unclear at this time. Nevertheless, given the benefit of
the slowing rate of decline of the GFR, attempts should be made to reduce urine protein excretion to
at least ,1.0 g/day.

There are two broad strategies for reducing urine protein excretion:
• Therapies specific to the underlying disease (like that for glomerular diseases)
• Nonspecific therapies. Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers are

the most effective nonspecific anti-proteinuric therapies and should be the first-line antihypertensive
therapies as long as there are no contraindications for their use. The combined use of angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers is no longer recommended, as it is
associated with a higher risk for clinically meaningful acute worsening of kidney function.

	 9.	 What	is	the	role	of	lipid	management	in	CKD?
The greater the amount of proteinuria, the worse the abnormalities in the lipid panel. Patients with
proteinuria generally have elevated total cholesterol and low-density lipoprotein cholesterol, as well as
low levels of high-density lipoprotein cholesterol. Patients with diabetes may have, in addition, elevated
triglyceride levels.
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Lipid-lowering therapies are as effective in lowering cholesterol levels in patients with CKD as in
the general population. No dosage adjustments are required for statins, bile acid sequestrants, niacin,
or ezetemibe. Fibrates do require a dosage adjustment for kidney function. However, the magnitude
of effect of these drugs on reducing cardiovascular disease may not be as large as that seen in the
general population. Two large, randomized, controlled trials have been unable to show any significant
reduction in fatal and/or nonfatal cardiovascular events in dialysis patients. The Study of Heart and
Renal Protection (SHARP) study demonstrated that treatment of patients with CKD with simvastatin/
ezetimibe was associated with a significant reduction in cardiovascular events; however, there was no
effect on cardiovascular or all-cause mortality. The results were the same whether or not the patients
were undergoing dialysis. These data indicate that the benefit with lipid lowering in patients with CKD
may not be as large as that seen in patients without kidney disease.

	10.	 What	is	the	relationship	between	anemia	and	its	management	to	the	cardiovascular	mortality	in
CKD?
Anemia is a cardinal manifestation of CKD and it generally is apparent when the eGFR is ,30 mL/min
per 1.73 m2. Observational studies have shown that the greater the severity of anemia, the higher the
risk for death. However, several randomized, controlled trials have failed to demonstrate a reduction
in mortality risk with erythropoietin therapy, the cornerstone of anemia management in patients with
CKD. In fact, some of these studies have shown a higher risk for stroke and/or death when the treat-
ment was targeted to achieve a hemoglobin level of 13 g/dL. Hence, erythropoietin therapy should not
be started unless the hemoglobin level decreases to between 9.0 and 10.0 g/dL, and care should be
exercised to prevent it from increasing to above 12.0 g/dL.

	11.	 Can	serum	troponin	be	used	in	the	diagnosis	of	myocardial	infarction	in	patients	with	kidney	disease?
The use of biomarkers for the diagnosis of myocardial infarction in patients with CKD can be problem-
atic. Serum troponin has been found to be elevated in patients with CKD who have no clinical suspi-
cion of acute myocardial injury. It is not absolutely clear why this is the case. This may have to do
with subclinical myocardial ischemia or decreased clearance of troponin degradation products be-
cause of kidney disease.

Baseline elevations in troponin are associated with the higher risk of cardiovascular death in
these patients. Troponin I is a more specific marker of infarction that troponin T in these patients.
Even so, whether or not an elevation in serum troponin in a given patient indicates acute myocardial
injury, it is necessary to take into account the patient’s clinical presentation and change in the blood
levels of troponin over time. For example, a rising troponin level in a patient who presents with typical
chest pain would be consistent with the diagnosis of acute myocardial infarction. On the other hand,
small and unchanging elevations in an otherwise asymptomatic patient would portend a poor long-
term prognosis but are unlikely to be of any immediate import.

	12.	 Are	there	special	considerations	for	treatment	of	myocardial	infarction	in	CKD?
Patients with CKD who present with acute myocardial infarction generally do not do as well as those
without kidney disease. Furthermore, CKD patients do not do as well after percutaneous coronary
intervention, with or without stenting or after coronary artery bypass grafting. The risk-benefit ratio
of all these procedures should be carefully considered, and a decision should be made on a case-by-
case basis.

The treatment of an acute myocardial infarction with percutaneous coronary intervention also
involves a risk for acute kidney injury, which may be secondary to contrast-induced nephropathy or
cholesterol emboli. Patients at increased risk of contrast-induced nephropathy are those with a serum
creatinine $1.5 mg/dL or an eGFR ,60 mL/min per 1.73 m2, patients with diabetes mellitus, those
treated with biguanides, and the elderly.

	13.	 What	are	the	clinical	manifestations	of	cholesterol	emboli?
Patients will have progressive and often irreversible loss of kidney function after an intra-arterial proce-
dure (over days and weeks), which often does not improve. Livedo reticularis, low complement levels,
peripheral and or urinary eosinophilia, and physical findings of distal emboli (in the digits or retina) may
be seen.

	14.	 How	reliable	is	the	measurement	of	serum	brain	natriuretic	peptide	in	patients	with	CKD?
Like serum troponin, serum levels of brain natriuretic peptide are elevated in patients with CKD; in
many cases, marked elevations are noted. The magnitude of increase in serum brain natriuretic pep-
tide depends on the degree of left ventricular hypertrophy and/or left ventricular systolic dysfunction.
It is unclear if serum brain natriuretic peptide can be used to diagnose circulatory congestion in
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patients with CKD or to serially monitor response to diuretics or ultrafiltration with dialysis. A fair bit
of caution should be exercised before ordering and/or interpreting brain natriuretic peptide levels in
patients with advanced CKD or those treated with dialysis.

	15.	 Is	there	an	increased	risk	of	atrial	fibrillation	and	stroke	in	CKD?
The risk of atrial fibrillation increases with the decline in the GFR. By the time patients have pro-
gressed to ESKD and are requiring dialysis, the prevalence of atrial fibrillation is at least 10-fold
higher than in the general population, so around 1 in 8 dialysis patients suffer from atrial fibrillation.
Previous and ongoing studies with arrhythmia-monitoring devices suggest that atrial fibrillation may
be even more common and underdiagnosed in the dialysis population. It is thought that coronary
artery disease, degenerative valvular disease, left ventricular hypertrophy, and fluctuating levels of
electrolytes during hemodialysis likely promote the arrhythmia.

Atrial fibrillation carries an increased risk of thromboembolic stroke in CKD patients. The US Renal
Data System reported an annual incidence of 15% in hemodialysis patients compared with 10% in pa-
tients with CKD not undergoing dialysis, and 3% in individuals without CKD. The 2-year mortality rates
after stroke in these subgroups were 74%, 55%, and 28%, respectively.

	16.	 What	are	the	special	considerations	for	the	management	of	atrial	fibrillation	in	CKD	patients?
Oral anticoagulation can be considered for the prevention of cardioembolic strokes from atrial fibrillation.
This is supported by subgroup analyses from one single, randomized, controlled trial (Stroke Prevention
in Atrial Fibrillation SPAF-3 trial), which found that warfarin reduced the risk of strokes in patients with
CKD stages 3A to 3B. However, strong evidence is lacking in the advanced stages of CKD. There are no
randomized trials assessing the benefits and risks of anticoagulation in patients with advanced stages of
CKD or on dialysis, and the observational studies published so far have been split. Moreover, platelet
dysfunction, anemia, endothelial, and vascular dysfunction, as well as other factors make the risk of
intracranial hemorrhage or gastrointestinal bleeding significantly higher in people with advanced kidney
disease. As such, the risk-benefit balance of anticoagulation in advanced CKD may be tilted by increased
bleeding complications.

Overall, in patients with CKD and not on dialysis, the risk of thromboembolism should be as-
sessed using the CHA2DS2-VASc score. This scoring system accounts for congestive heart failure,
hypertension, age $75 (doubled), diabetes, stroke or transient ischemic attack, or systemic embolism
(doubled), vascular disease, age 65 to 74, and sex. Men with a CHA2DS2-VASc score $1 and women
with a score $2 should be considered for anticoagulation. For patients on dialysis, the initiation of
anticoagulation needs to be individualized. Careful monitoring of the degree of anticoagulation is
necessary in these patients, and the risk of bleeding is further increased when oral anticoagulation is
combined with aspirin therapy. The HAS-BLED (hypertension, abnormal kidney/liver function [1 point
each], stroke, bleeding history or predisposition, labile INR, elderly [.65 years], drugs/alcohol con-
comitantly [1 point each]) is used in atrial fibrillation patients to determine those at a higher risk of
bleeding. However, while it accounts for abnormal kidney function, its use has not been formally
validated in patients with advanced CKD and dialysis.

	17.	 Which	oral	anticoagulants	can	be	used	in	CKD	patients	with	atrial	fibrillation?
When the decision is made to anticoagulate, the 2014 American Heart Association and the 2016
European Society of Cardiology guidelines recommend warfarin as the oral anticoagulant of choice
in patients with atrial fibrillation and advanced CKD or ESKD. Warfarin has less than 1% kidney elimi-
nation, and should not accumulate with decreased kidney function or on dialysis. However, patients
with advanced CKD and dialysis have alterations of their hepatic metabolism and tend to require
lower doses of warfarin.

Non–vitamin K oral anticoagulants (NOACs), also referred to as direct oral anticoagulants, are
increasingly being used in non-valvular atrial fibrillation. They include the direct thrombin inhibitor
(dabigatran) and factor Xa inhibitors (rivaroxaban, apixaban, edoxaban). These drugs are at least non-
inferior to warfarin in the prevention of thromboembolic complications of atrial fibrillation for the average
patient. However, they have not been properly studied in advanced CKD and ESKD.

All NOACs are, to some extent, renally cleared (Table 21.2), and may potentially accumulate in
patients with a low GFR. This could lead to an increased risk for bleeding, especially since no clini-
cally available coagulation parameter accurately estimates the level of anticoagulation. As such,
dosage adjustments are recommended in patients with CKD using the Cockcroft-Gault creatinine
clearance formula (Table 21.3). Using the body surface area standardized CKD-EPI GFR formula
may lead to dosing error, as it is not in line with the randomized controlled trials used to make these
suggestions.
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Currently, the US Food and Drug Administration approved the use of apixaban for patients with  
a creatinine clearance ,15 mL/min or on dialysis. Caution should still be exercised when using this 
medication, since these suggestions were based on small pharmacokinetic studies. 

	18.	 How	do	you	manage	major	hemorrhage	in	patients	on	oral	anticoagulants?
For warfarin, and all the NOACs, 4-factor prothrombin complex concentrate rather than fresh frozen 
plasma is recommended for reversing anticoagulation in acute life-threatening hemorrhages. Anti- 
fibrinolytic agents, such as tranexamic acid and epsilon-aminocaproic acid, may also be used.

For warfarin-associated bleeding, intravenous vitamin K can be used concomitantly. As for dabigatran, 
idarucizumab is a humanized anti-dabigatran monoclonal antibody fragment that is effective for emergency 
reversal. Hemodialysis has also been used to clear dabigatran, but it is not suitable for factor Xa inhibitors. 

Table 21.2. Non–Vitamin K Oral Anticoagulants

WARFARIN DABIGATRAN APIXABAN RIVAROXABAN EDOXABAN

Renal  
clearance

,1% 80% 27% 36% 50%

Removal  
after 4 h of  
hemodialysis

,1% 50%–60% 7% ,1% 9%

Table 21.3.  US Food and Drug Administration-Recommended Dosing 
of Non–Vitamin K Oral Anticoagulants by Creatinine Clearance

Creatinine Clearance mL/min (Cockcroft-Gault Equation)

 .90 51–90 31–50 15–30
,15 OR ON 
DIALYSIS

Dabigatrana 150 mg BID 150 mg BID 150 mg BID 75 mg BID NR

Apixabanb 5 or 2.5 mg 
BID

5 or 2.5 mg 
BID

5 or 2.5 mg 
BID

5 or 2.5 mg 
BID

5 or 2.5 mg 
BID

Edoxabanc 60 mg QD 60 mg QD 30 mg QD 30 mg QD NR

Rivaroxaban 20 mg QD 20 mg QD 15 mg QD 15 mg QD NR
aDabigatran is not approved in the rest of the world for CrCl 15 to 29 mL/min.
bApixaban is only approved for CrCl ,15 mL/min in the United States; 2.5 mg twice daily if the patient has 

any two of the following: serum creatinine $1.5 mg/dL, age $80 years, or body weight #60 kg.
cNot recommended in patients with eCrCl .95 mL/min due to high renal clerance.
BID, Twice daily; QD, daily; NR, not approved by the FDA.

 1. Even small changes in kidney function—either a decrease in the GFR or an increase in urine albumin 
excretion—are associated with a higher risk of death from cardiovascular causes.

 2. Both traditional and nontraditional cardiovascular risk factors are more common and are often severe 
in patients with CKD, and they account for the high risk for heart disease.

 3. The serum levels of biomarkers, such as troponin and brain natriuretic peptide, are sometimes in-
creased in patients with CKD; their diagnostic value depends on the clinical setting and change 
over time.

KEY POINTS
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	 1.	 What	is	the	typical	lipid	profile	in	patients	with	chronic	kidney	disease	(CKD)?
Dyslipidemias are common in patients with CKD, those on dialysis (both hemodialysis and peritoneal
dialysis), and those who have undergone kidney transplantation. Dyslipidemia is also prevalent in over
60% of people who have received cardiac or liver transplantation, and this may be partially due to
the long-term use of calcineurin inhibitors and/or steroids as immunosuppressants. Proteinuria, and
particularly nephrotic syndrome, is associated with a greater elevation in total cholesterol, low-density
lipoprotein (LDL) cholesterol, triglycerides, and lipoprotein(a) (Lp-a) than in persons with CKD without
proteinuria. The concentration of high-density lipoprotein (HDL) cholesterol is also often reduced in
nephrotic syndrome. Hemodialysis and peritoneal dialysis patients have increased levels of triglycer-
ides and Lp-a compared to patients with milder degrees of CKD, with peritoneal dialysis patients
having particularly atherogenic lipid profiles, perhaps due to constant dextrose absorption. LDL cho-
lesterol is often normal or low in hemodialysis patients, perhaps due to poor nutrition and chronic
inflammation. Table 22.1 depicts the most common lipid abnormalities seen across the spectrum of
kidney disease.

	 2.	 What	are	the	unique	characteristics	of	the	pathophysiology	of	dyslipidemia	in	CKD?
A number of unique clinical features among patients with CKD and those on dialysis lead to changes
in the structure and function of lipid molecules. Uremia and frequent heparinization in dialysis
patients can decrease the activity of lipoprotein lipase and hepatic triglyceride lipase necessary to
cleave triglycerides into free fatty acids. Incomplete triglyceride catabolism causes an accumulation
of remnant particles (chylomicrons) that contribute to increased atherosclerosis. Although the con-
centration of LDL cholesterol is often no higher than that in the general population, there are differ-
ences in the qualitative nature of LDL cholesterol. Small dense LDL (sdLDL) and intermediate LDL
(ILDL) fractions are increased in CKD. The decreased activity of lipases described above prevents the
degradation of very-low-density LDL (VLDL) into LDL cholesterol, resulting in the accumulation of
ILDL. The increased plasma residence time of these particles further results in structural changes in
the apo(B) protein they carry, decreasing hepatic clearance. Decreased clearance by the liver results
in uptake by macrophages, which may result in adherence to the vascular endothelium, leading to
plaque formation.

CKD is also associated with change in the distribution of HDL cholesterol fractions. Low apo-
AI level and decreased lecithin:cholesterol acyltransferase (LCAT) activity result in reduced esterifi-
cation of free cholesterol and a reduced cholesterol-carrying capacity of HDL molecules. Proteinuric
kidney diseases, especially nephrotic syndrome, are characterized by elevations in plasma Lp(a)
concentrations, LDL, and total cholesterol due to increased liver production. In addition, there is a
reduction in the cardioprotective HDL2 component of HDL cholesterol. Proteinuria also leads to an
elevated free fatty acid to albumin ratio. Angiopoietin-like 4 (angptl4) is a protein expressed primarily
in the liver, and its levels are elevated in nephrotic syndrome in response to these free fatty acids.
Angptl4 inhibits lipoprotein lipase, leading to hypertriglyceridemia in persons with nephrotic
syndrome.

	 3.	 When	should	patients	with	kidney	disease	be	evaluated	for	dyslipidemia?
Recent guidelines from the Kidney Disease Improving Global Outcomes (KDIGO) have recommended
that all adult patients with newly identified CKD, including those on dialysis or kidney transplant re-
cipients, should be evaluated with a lipid profile. Although the evidence to suggest improved clinical
outcomes after measuring lipids is lacking, the risks of testing are low, and the data may provide
information on cardiovascular disease (CVD) prognosis and guide treatment.

	 4.	 What	tests	should	be	used	to	evaluate	dyslipidemia	in	patients	with	CKD?
As with the general population, a complete lipid profile including total, HDL, LDL cholesterol, and
triglycerides should be obtained when evaluating dyslipidemia. While a lipid profile obtained after an
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CKD  
NOT ON  
DIALYSIS

NEPHROTIC 
SYNDROME HEMODIALYSIS

PERITONEAL 
DIALYSIS

POST- 
TRANSPLANT

Total  
cholesterol

hor ↔ hh gor ↔ hor ↔ hor ↔

HDL  
cholesterol

g or ↔ g g g gor ↔

LDL  
cholesterol

h hh g h h

Triglycerides h hh h hh hor ↔
Lp(a) h hh h hh hor ↔

Table 22.1. �Lipid�Profiles�Across�the�Spectrum�of�Kidney�Disease�as�Compared�to�
the�General�Population

CKD, Chronic kidney disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Lp(a), lipoprotein(a).
Modified from Kwan, B.C., Kronenberg, F., Beddhu, S., et al. (2007). Lipoprotein metabolism and lipid manage-

ment in chronic kidney disease. J Am Soc Nephrol. 18(4):1246–1261. 

overnight fast is ideal, even nonfasting values can provide important information. Fasting lipid profiles
should be considered when significant abnormalities, especially high triglycerides, are noted with non-
fasting samples. The routine measurement of lipoprotein(a), apolipoprotein B, and other lipid markers
is not recommended due their lack of utility in current clinical practice.

	 5.	 How	often	should	lipids	be	checked	in	persons	with	CKD	and	dyslipidemia?
There is no recognized clinical benefit of measuring lipids annually in most people with CKD, especially
if they are already on a statin. Possible reasons for remeasuring lipids include:

 1. Assessing treatment adherence by ensuring an appropriate decrease in LDL cholesterol levels,
although this can be achieved through questionnaires, pill counts, and verifying prescription refills.

 2. Reevaluating the 10-year CVD risk in persons younger than 50 years of age who are not being
treated with a statin.

 3. Determining the need for a greater treatment intensity to achieve target lipid goals (at least 30%
reduction in LDL cholesterol) after initial treatment is begun.

	 6.	 Are	the	principles	of	testing	different	in	children	with	CKD?
A number of organizations, including the American Academy of Pediatrics, American Heart Association,
and KDIGO, recommend that all children older than 2 years of age with any CVD risk factors, including
CKD, have a fasting lipid profile checked. In contrast to adults, despite an absence of high-quality evi-
dence, it is recommended that children undergo annual fasting lipid profiles in order to detect second-
ary causes of dyslipidemia, and because growth and development can affect the lipid profile.

	 7.	 What	is	the	association	of	dyslipidemia	with	CVD	and	mortality	in	patients	with	CKD?
Unlike in the general population, the linear association between higher levels of cholesterol and CVD-
related mortality is less evident in patients with CKD, especially those on dialysis. Instead, observational
studies have demonstrated a “reverse epidemiology” between total cholesterol levels and mortality in dial-
ysis patients; that is, increased risk at low cholesterol levels, with evidence that malnutrition and chronic
inflammation may act as affect modifiers of this association. Hypercholesterolemia is an independent risk
factor for cardiovascular and all-cause mortality in dialysis patients without evidence of malnutrition or in-
flammation. Observational data from non-dialysis CKD populations has been conflicting. Data from the
Atherosclerosis Risk in Communities (ARIC) study suggested that higher total cholesterol and triglyceride
levels were associated with a higher risk of CVD events in patients with CKD. However, the Cardiovascular
Health Study (CHS) and the Modification of Diet in Renal Disease (MDRD) study reported that dyslipidemia
was not associated with the increased risk of kidney failure and cause, or CVD mortality.

	 8.	 Does	treatment	of	dyslipidemia	reduce	the	risk	of	CVD	events	and	mortality	in	patients	with	CKD?
The 10-year cardiovascular risk for most adults over the age of 50 years with CKD is .10%, thereby
meeting the general population requirements for statin therapy. Data supporting the use of statins in
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the primary prevention of CVD comes primarily from post hoc analysis of trials of the general popula-
tion. A meta-analysis of 50 such trials, which included 45,285 participants with stage 3 or 4 CKD, re-
ported a significant reduction in all-cause and cardiovascular mortality and nonfatal CVD outcomes.
The best randomized controlled trial (RCT) evidence in patients with CKD comes from the Study of
Heart and Renal Protection (SHARP) trial, which is the only randomized trial to focus on statin therapy
for the primary prevention of CVD events and mortality in patients with kidney disease. The SHARP
trial included 9438 participants with CKD with a mean estimated glomerular filtration rate (eGFR) of
27 mL/min per 1.73 m². Participants were randomized to either simvastatin 20 mg, ezetimibe 10 mg,
or placebo. Among 6247 SHARP participants with CKD not on dialysis, there was a reduced incidence
of CVD mortality, nonfatal myocardial infarction, and stroke (9.5% vs. 11.9%) among patients treated
with simvastatin and ezetimibe compared to placebo. Whether combination therapy with ezetimibe is
superior to monotherapy with statins in CKD patients is yet unknown.

	 9.	 Is	dyslipidemia	associated	with	a	decline	in	kidney	function?
A number of observational studies have demonstrated an association between dyslipidemia and a
higher risk of kidney function decline. Post hoc analysis from the Reduction of Endpoints in NIDDM
with the Angiotensin II Antagonist Losartan (RENAAL) trial showed that in persons with type 2 diabe-
tes, proteinuria of at least 300 mg/day and at least CKD stage 3, higher total, and LDL cholesterol at
baseline was associated with an increased risk of end-stage kidney disease (ESKD). Low HDL choles-
terol and high triglyceride levels in the setting of even mild to moderate CKD were also associated
with a decline in kidney function. In addition, among diabetics without kidney disease, the presence
of high total cholesterol was associated with an increased risk of developing albuminuria.

	10.	 Does	treatment	of	dyslipidemia	prevent	the	progression	of	kidney	disease?
The best trial evidence for this comes from a secondary analysis of the SHARP study, which random-
ized 6245 individuals with non-dialysis-requiring CKD, to either simvastatin/ezetimibe or placebo.
There was no difference in the risk of ESKD, or the composite outcome of ESRD, or the doubling of
serum creatinine between the two groups. A meta-analysis of 57 studies including 143,888 partici-
pants demonstrated that while therapy with statins did not decrease the risk of kidney failure events,
the rate of decline in the estimated glomerular filtration rate (eGFR) and the change in proteinuria or
albuminuria were lower for those receiving statin therapy. Therefore while dyslipidemia is a risk factor
for progressive kidney disease, it remains unclear if treating dyslipidemia results in better kidney
outcomes.

	11.	 Which	CKD	patients	should	receive	pharmacological	statin	therapy	for	dyslipidemia?
The KDIGO guidelines recommend that all adults aged over 50 years with an eGFR less than 60 mL/min
per 1.73 m2 not treated with dialysis or kidney transplantation (GFR categories G3a-G5) should be
treated with a statin or statin/ezetimibe combination. This recommendation is based on the results of
the SHARP trial and the fact that most patients older than 50 years with at least CKD 3a would have a
greater than 10% risk of coronary heart disease (CHD) at 10 years, thus warranting statin therapy.
Therefore the level of LDL cholesterol would not be required to assess the CHD risk and initiate therapy
in this population. The treatment of hypertriglyceridemia in CKD is limited by a lack of data. A sub-
group analysis of nearly 1000 men from the Veterans Affairs High-Density Lipoprotein Intervention
Trial (VA-HIT) did not demonstrate a mortality benefit with lowering triglycerides in participants with
CKD. Currently, due to the increased risk of drug-related adverse events, co-administration of fibrates in
patients receiving statin therapy is not recommended and is contraindicated in persons with advanced
CKD. The exception to this may be the prevention of pancreatitis when levels are .500 mg/dL
despite lifestyle modification therapy.

	12.	 Why	should	pharmacologic	therapy	not	be	initiated	in	patients	receiving	chronic	dialysis	but	be
continued	if	patients	are	already	taking	statins?
The KDIGO guidelines recommend against initiating statins in dialysis patients. Two trials—4D (Die
Deutsche Diabetes Dialyse) study, in which hemodialysis patients with diabetes and high serum LDL
were treated with atorvastatin or placebo; and AURORA (Use of Rosuvastatin in subjects On Regular
hemodialysis: an Assessment of survival and cardiovascular events), in which dialysis patients were
treated with rosuvastatin or placebo—failed to demonstrate a significant reduction in mortality or other
CVD outcomes. The SHARP trial reported no interaction between dialysis and non-dialysis participants
with regard to the simvastatin/ezetemibe benefit; however, an analysis limited to dialysis patients did
not demonstrate a benefit. In the SHARP trial, 34% of CKD stage 3 to 5 patients progressed to ESKD
during the course of the trial, and because an overall benefit in the non-dialysis patients was reported,
the KDIGO guidelines recommend that statins be continued at the time of dialysis initiation. Importantly,
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these guidelines in dialysis patients do not consider patients with recent acute coronary events,
younger patients with longer life expectancies, and those who might receive a kidney transplant
and therefore receive a yet unquantified benefit from the initiation of statin therapy.

	13.	 What	is	the	evidence	for	statin	therapy	in	patients	with	CKD	and	eGFR	.60mL/min	per	1.73	m2?
The KDIGO guidelines recommend that all patients older than 50 years with CKD diagnosed with
structural kidney abnormalities but with an eGFR greater than 60 mL/min per 1.73 m2 (GFR catego-
ries G1-G2) be treated with a statin. However, given the lack of robust clinical evidence, this recom-
mendation is weaker than recommendations for persons older than 50 years with an eGFR less than
60 mL/min per 1.73 m2. Albuminuria is the most common non-GFR marker that identifies structural
CKD. In people both with and without diabetes, albuminuria is associated with adverse CVD out-
comes and mortality. However, there is a lack of RCT data on whether statins reduce CVD events in
this particular population. The CARE (Cholesterol and Recurrent Events) Study and CARDS (Collabora-
tive Atorvastatin Diabetes Study) included people with albuminuria who were at an increased risk of
CVD events, and found a lower risk of CVD events with atorvastatin therapy. In contrast, the PRE-
VEND IT (Prevention of Renal and Vascular Endstage Disease Intervention Trial), which was a 2 3 2
study of fosinopril/placebo and pravastatin/placebo, did not find a significantly lower risk of cardio-
vascular outcomes with pravastatin therapy.

	14.	 Should	all	patients	who	have	received	kidney	transplants	receive	statin	therapy?
The KDIGO guidelines suggest that all kidney transplant recipients should receive therapy with a
statin. The ALERT (Assessment of Lescol in Renal Transplant) trial was a large study that randomly
assigned 2102 kidney transplant recipients aged 30 to 75 years to either fluvastatin, 40 mg (later
80 mg), or placebo. Over 5.7 years of follow-up, fluvastatin reduced the risk of cardiac deaths
and nonfatal myocardial infarction but did not reduce the rates of coronary intervention cerebrovas-
cular events, noncardiovascular death, all-cause mortality, and graft loss. In a subsequent 2-year
open-label extension in which all participants of the trial were offered fluvastatin treatment, 1652
participants agreed to receive 80 mg of fluvastatin while 442 participants declined. An intention-to-
treat analysis by original treatment group demonstrated that participants randomized to the drug
had a borderline statistically significant lower risk of incident CVD events and mortality. A meta-
analysis of 22 RCT studies further reported that statin treatment had uncertain effects on overall
mortality, but that CVD outcomes may be reduced. Given the lack of robust data, KDIGO suggested,
rather than recommended, the use of statins in these patients.

	15.	 What	is	the	role	of	proprotein	convertase	subtilisin/kexin	type	9	inhibitors	in	treating	dyslipidemia
in	CKD?
Proprotein convertase subtilisin/kexin type 9 (PCSK-9) is an enzyme that binds to the LDL receptor, re-
duces its cell surface density, and leads to hypercholesterolemia. In recent years, a number of studies of
antibodies inhibiting PCSK-9 have been shown to effectively treat hypercholesterolemia and reduce CVD
events in persons already being treated with maximal statin therapy. Data suggests that levels of PCSK-9
are elevated in kidney disease, are removed by dialysis, and are lowered after kidney transplantation.
The recently completed Long-term Safety and Tolerability of Alirocumab in High Cardiovascular Risk Pa-
tients with Hypercholesterolemia Not Adequately Controlled with Their Lipid Modifying Therapy (ODYSSEY
LONG TERM) trial enrolled 174 patients with an eGFR ,60 mL/min per 1.73 m2 at baseline. In this sub-
group, treatment with aliroucumab was associated with 62% reduction in LDL cholesterol levels, com-
pared to 8% elevation in the placebo arm (P value, .02). This study was not powered to evaluate the
effect of the intervention on clinical outcomes, and further studies are needed that include a larger num-
ber of patients with CKD. Whether these drugs offer the same degree of lipid reduction and cardiovascu-
lar benefit in patients not taking statins, for instance those with statin intolerance, remains unknown.

	16.	 What	is	the	role	of	LDL	apheresis	in	persons	with	kidney	disease?
Persons who are homozygous for familial hypercholesterolemia, or those with an LDL cholesterol
$200 mg/dL and documented coronary heart disease, or those with an LDL cholesterol $300 mg/dL
despite medical therapy, or people intolerant of medical therapy are often candidates for LDL aphere-
sis. Apheresis decreases LDL cholesterol by 50% to 75% per session and are usually performed on a
weekly or biweekly basis. The above indications and results are based on small-scale studies done in
the general population without specific recommendations for persons with kidney disease.

	17.	 Which	patients	should	be	monitored	for	statin-induced	adverse	events?
Myopathy is the most common adverse event due to statin therapy and can occur in up to 10% of
persons taking the drug. Of the statins, pravastatin, fluvastatin, and rosuvastatin are ones associated
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 1. Patients with CKD usually have high triglycerides and low HDL cholesterol concentrations, while  
total and LDL cholesterol are normal or low. In patients with nephrotic syndrome, all except HDL 
cholesterol are high.

 2. All adult patients with newly identified CKD, including those on dialysis, or kidney transplant recipients, 
should be evaluated with a complete lipid profile.

 3. Unlike the general population, dyslipidemia is not linearly associated with kidney function decline or 
mortality in patients with CKD, perhaps due to confounding from malnutrition or inflammation.

 4. All adults older than 50 years with eGFR ,60 mL/min per 1.73 m2 not treated with dialysis or kidney 
transplantation should be treated with a statin or a statin/ezetimibe combination.

 5. Most trial data do not suggest a benefit for statin treatment in dialysis patients.

KEY POINTS

with the lowest risk of myopathy, especially when concomitant drugs that inhibit cytochrome P450 
3A4 cannot be avoided. In addition, fibrates have a synergistic effect on the occurrence of myopathy 
in patients already receiving statins, and this may be partially responsible for their limited use to treat 
hypertriglyceridemia in patients with advanced CKD. Certain patient populations, such as the elderly, 
(.80 years), frail persons, Asian populations, and those with underlying liver disease, may be at an 
increased risk of adverse events from statin therapy. Routine monitoring is not recommended. De-
creasing the dose of the drug, switching to a statin with less myopathy risk, and vitamin-D repletion  
if deficient are some strategies that can be adopted to mitigate the risk of myopathy. Persons who  
develop statin-induced rhabdomyolysis should not be treated with statins in the future due to the risk 
of recurrence. Alternatives, such as PCSK9 inhibitors, may be considered.
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	 1.	 What	is	malnutrition?
To define malnutrition, an expert panel of the International Society of Renal Nutrition and Metabolism
(ISRNM) has recommended the use of the term “protein-energy wasting” (PEW) to encompass states
of undernutrition that could result from a complex interplay of decreased nutrient intake and/or
increased catabolism.

	 2.	 How	is	nutritional	status	examined,	and	how	is	malnutrition	diagnosed	in	patients	with	chronic
kidney	disease	(CKD)?
• There is no single way to assess nutritional status, which is a consequence of a complex interplay

of nutrient intake and catabolism, with significant effect modification by comorbid conditions,
especially inflammatory conditions.

• PEW can be diagnosed in clinical practice using five different criteria:
• Biochemical measures (serum albumin, prealbumin, transferrin, and cholesterol)
• Measures of body mass (body mass index [BMI], unintentional weight loss, and total body fat)
• Measures of muscle mass (total muscle mass, mid-arm muscle circumference, and creatinine

appearance)
• Measures of dietary intake (dietary protein and energy intake)
• Integrative nutritional scoring systems (subjective global assessment of nutrition and

malnutrition-inflammation score)
• In addition to these readily available measures of PEW, a series of other markers have also been

proposed, which could have applicability as research tools; these include measures of appetite,
food intake and energy expenditure, other measures of body mass and composition (such as dual
energy x-ray absorptiometry [DEXA], bioimpedance, near-infrared interactance, or computed
tomography/magnetic resonance imaging of muscle mass) and laboratory measures (such as
growth hormone levels, C-reactive protein, interleukin-1, interleukin-6, tumor necrosis factor
alpha, serum amyloid-A or peripheral blood cell counts; Box 23.1).

	 3.	 Why	is	malnutrition	associated	with	mortality	in	CKD?
Markers of PEW are some of the strongest independent predictors of adverse outcomes in patients
with CKD and end-stage kidney disease. The link between PEW and mortality has been established
almost exclusively in epidemiologic and observational studies. Thus only an association has been
established. Causality needs to be verified in randomized controlled trials of nutritional interventions,
even though the association is strong, robust, and consistent. Multiple pathophysiologic mechanisms
have been invoked to explain the link between poor nutritional status and mortality in CKD:
• Lower muscle and adipose mass decrease circulating lipoprotein that normally suppresses circu-

lating endotoxin
• Gastrointestinal, hematopoietic, and immune dysfunctions leading to more infections
• Micronutrient deficiency leading to oxidative stress and endothelial dysfunction
• Inadequate circulating gelsolin to oppose deleterious effects of circulating actin, including platelet

activation leading to increased thromboembolic events
• The maladaptive activation of the inflammatory and oxidative cascade can potentiate the effects of

low nutrient intake by increasing catabolism
• Novel factors such as proinflammatory high-density lipoprotein (HDL), myeloperoxidase, and

pentraxin may also play important roles

	 4.	 What	is	the	obesity	paradox	in	patients	with	CKD?
Obesity has reached epidemic proportions in the general population and has been linked to increased
morbidity and mortality. Several epidemiologic studies have suggested a link between obesity and
higher risk of developing incident CKD; the link between obesity and adverse outcomes in the general
population is evident from epidemiologic studies showing a linear increase in mortality associated
with higher BMI, especially greater than 30 kg/m2. Studies in patients with moderate to advanced CKD
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have shown a reversal of this risk factor pattern, with a linear decrease in mortality in those with 
higher BMI. In fact, patients with BMI levels reaching morbid obesity have shown the best survival, 
questioning the validity of the obesity paradigm in this patient population. Similar reversals in risk 
factor patterns, also known as “obesity paradox” or “reverse epidemiology,” have emerged in other 
patient populations characterized by chronic disease states and a high burden of comorbid conditions 
(such as those with advanced chronic obstructive pulmonary disease, congestive heart failure, 
rheumatoid arthritis, malignancies, and liver cirrhosis). The common thread in the populations 
displaying this phenomenon of reverse epidemiology is their extremely high short-term mortality rate, 
which probably explains the mechanism whereby obesity appears protective within short periods of 
time: in such patients the mechanisms responsible for the long-term deleterious effects seen in the 
general population (metabolic syndrome/insulin resistance/atherosclerosis) are likely overshadowed 
by the beneficial effects of higher overall nutritional reserves.

	 5.	 Can	manipulations	of	weight	improve	outcomes	in	patients	with	CKD?
Interventions aimed at alleviating obesity are advocated in the general population to prevent long-
term deleterious consequences. Such interventions are based on robust evidence linking obesity to 
adverse outcomes. Because descriptive studies in patients on renal replacement therapy suggest that 
obesity may confer a survival benefit rather than a risk, it may be less likely that interventions 
validated in the general population can be extrapolated to these patients without critical appraisal of 
the consequences. There is currently no evidence from clinical trials that have tested the risks versus 
benefits of weight reduction interventions in dialysis patients. Due to the marked discrepancy between 
epidemiologic studies of obesity in the general population and in patients on dialysis, any weight 
loss–based intervention in the latter group would have to proceed with utmost care taken to ensure 
that no harm is done. There also has to be openness about the possibility that gain in dry (edema 
free) weight could in fact be beneficial in this patient population because the complex homeostatic 

Box 23.1. Criteria for the Clinical Diagnosis of Protein-Energy Wasting in 
Patients With Kidney Disease

Serum Chemistry and Other Laboratory 
Markers
Serum albumin ,3.8 g/dL (Bromcresol Green)
Serum prealbumin (transthyretin) ,30 mg/dL 
Serum cholesterol ,100 mg/dL
Serum biochemistry: transferrin, urea, triglyceride,  

bicarbonate
Hormones: leptin, ghrelin, growth hormones
Inflammatory markers: CrP, IL-6, TNF-a, IL-1, SAA
Peripheral blood cell count: lymphocyte count or  

percentage

Body Mass and Composition
Body mass index ,22 kg/m2 (,65 years) ,23 kg/m2 

(.65 years)
Unintentional weight loss over time: 5% over  

3 months or 10% over 6 months
Total body fat percentage ,10% 
Weight-based measures: weight for height
Total body nitrogen
Total body potassium
Energy-beam based methods: DEXA, BIA, NIR
Underwater weighing and air displacement weighing
14 K Dalton fragment of actomyosin 
Microarrays
Muscle fiber size
Relative proportions of muscle fiber types

Muscle alkaline soluble protein
Computed tomography and/or magnetic resonance im-

aging of muscle mass

Muscle Mass
Muscle wasting: reduced muscle mass 5% over  

3 months or 10% over 6 months
Reduced mid-arm muscle circumference area (.10% 

of reduction in relation to 50th percentile of refer-
ence population)

Urinary creatinine appearance

Dietary Intake
Unintentional low dietary protein intake: ,0.80 g/kg 

per day for at least 2 months for dialysis patients or 
,0.6 g/kg per day for patients on CKD stages 2–5

Appetite, Food Intake, and Energy  
Expenditure
Appetite assessment questionnaires
Population based dietary assessments: food frequency 

questionnaires
Measuring energy expenditure by indirect or direct cal-

orimetry

Nutritional Scoring Systems
SGA and its modifications 
Malnutrition-Inflammation Score

BIA, bioelectrical impedance analysis; CRP, C-reactive protein; DEXA, dual energy x-ray absorptiometry; IGF-1, 
insulin-like growth factor 1; IL, interleukin (e.g., IL-1 and IL-6); NIR, near-infrared interactance; SAA, serum 
amyloid A; SGA, subjective global assessment of nutritional status; TNF-aa, tumor necrosis factor alpha.
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changes occurring in the process of increasing lean body mass end even adiposity may entail short-
term benefits.

	 6.	 What	is	known	about	weight	reduction	strategies	in	advanced	CKD?
Weight reduction strategies bring up even more complex questions in patients with non–dialysis-dependent
CKD. Some, but not all, observational studies in this patient population have also indicated a salutary
association between higher BMI and lower mortality, but at the same time obesity has also been linked to
more severe loss of kidney function, and restriction of dietary protein intake may be beneficial in retarding
progressive loss of kidney function. Due to such complex interplays, weight loss–based interventions could
in fact have benefits on kidney function in these patients, but any attempt to induce weight loss through
limiting nutrient intake in patients with non–dialysis-dependent CKD has to be coordinated by trained
personnel to ensure no deleterious effects on broader nutritional status and consequently on survival.

	 7.	 What	is	the	effect	of	cholesterol-lowering	interventions	in	CKD	patients?
Blood lipid (cholesterol) level is one of the biochemical markers linked to nutritional status and used
to define PEW in CKD. However, in the general population, lowering blood cholesterol is the
cornerstone of primary and secondary cardiovascular disease (CVD) prevention. Given the extremely
high CVD morbidity and mortality observed in the CKD population, it appeared seemingly reasonable
to use cholesterol-lowering therapies in patients on dialysis, especially because such pharmacologic
interventions are not only antiinflammatory, but they are not burdened by worsening PEW. One issue
that appeared to contradict the cholesterol-CVD paradigm in the CKD population was that high
cholesterol was not associated with higher mortality in CKD. In fact, epidemiologic data showed that
high lipids may in fact be protective. This is referred to as the “lipid paradox” and is another
component of the “reverse epidemiology” phenomenon.
• Due to the uncertainty, two randomized controlled trials (Study to Evaluate the Use of Rosuvastatin

in Subjects on Regular Hemodialysis: An Assessment of Survival and Cardiovascular Events [AURORA]
and Die Deutsche Diabetes Dialyse Studie [4D Study]) were designed to test the hypothesis that
lowering blood cholesterol by statin therapy can decrease CVD event rates and mortality in patients
in dialysis. Both of these studies yielded negative results, corroborating the findings of epidemio-
logic studies, and again suggesting that the classical Framingham risk factor patterns cannot be
automatically translated to patients with kidney disease.

• A third study (Study of Heart and Renal Protection, SHARP) enrolled patients with non–dialysis-
dependent CKD (besides dialysis patients) found that cholesterol lowering resulted in lower risk of
a composite CVD event rate. SHARP did not find improvement in all-cause mortality. The CVD
benefit of cholesterol lowering was significant only in patients with CKD not on renal replacement
therapy, but there was no statistically significant interaction with dialysis status, suggesting that
the lack of statistically significant effect in patients on hemodialysis may have been the result
of the lower number of patients on hemodialysis enrolled. The results of SHARP suggest that
therapeutic cholesterol lowering has a modest CVD benefit in patients with kidney diseases,
especially those with non–dialysis-dependent CKD.

	 8.	 What	is	the	role	of	nutritional	counseling?
Compared with the general population, nutritional interventions in patients with CKD and especially
those undergoing maintenance hemodialysis therapy are more complex. The most basic intervention
is dietary counseling, the goals of which are aimed on the one hand to provide the necessary amount
of energy, protein, and other nutrients and on the other hand to avoid biochemical imbalances that are
the result of the lack of kidney function. These two goals of dietary intervention are often in conflict
with each other, as for example, adequate amounts of protein in diet will result in an obligatory intake
of potassium and phosphorus and could lead to hyperkalemia and/or hyperphosphatemia. Dietary
counseling is even more complex in patients with CKD, in whom protein restriction of 0.6 to 0.8 g/kg
per day has been suggested as an intervention to retard progression of kidney disease, but in whom
restrictions of this magnitude may result in unintended worsening in their nutritional status. Because
of this complexity, nutritional management (including formal assessment of nutritional status and
formal nutritional interventions) should be provided by trained nutritionists to ensure the adequacy of
the nutritional value of any imposed restricted diets.

	 9.	 Can	meals	consumed	during	dialysis	improve	nutritional	status?
Meals during hemodialysis are routine in many countries but not in the United States, although recent studies
have popularized the concept of oral dietary supplements in dialysis clinics. A randomized controlled trial in
110 hemodialysis patients showed that high-protein meals during in-center hemodialysis improved serum
albumin while serum phosphorus remained within target range by use of a potent phosphorus binder.
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	10.	 What	types	of	nutritional	interventions	are	there	in	dialysis	patients?
Due to the complex medical conditions that are common in CKD, nutritional interventions often extend 
far beyond dietary counseling in these patients.

Nutritional interventions for malnourished CKD patients can be classified into three groups of 
oral/enteral, parenteral, and pharmacologic (Box 23.2). Among dialysis patients, the goal of nutritional 
interventions is to maintain serum albumin greater than 4.0 g/dL, and this may be achieved by 
maintaining oral supplements of 1 to 2 servings per day (Fig. 23.1).

Artificial nutrition through feeding tubes, gastrostomy tubes, or parenteral nutrition (which is 
sometimes applied in the context of hemodialysis, called intradialytic parenteral nutrition) can be 
applied in certain conditions, usually over short periods of time.

	11.	 Can	pharmacologic	interventions	be	used	in	patients	on	dialysis	to	improve	nutritional	status?
Pharmacologic measures to improve nutrition include appetite stimulators (megestrol acetate) or 
interventions to improve biochemical measures of PEW, such as the use of anabolic hormones. These 

Box 23.2. Nutritional Support and Therapy

Oral or Eternal Interventions
•  Meals during dialysis treatment
•  Intense/tailored protein-energy

•  Oral nutritional supplements
•  Tube feeding

Parenteral Interventions
•  Intradialytic parenteral nutrition (IDPN)
•  Total parenteral nutrition (TPN)

Pharmacologic Interventions
•  Appetite stimulators
•  Antidepressant
•  Antiinflammatory and/or antioxidative
•  Anabolic and/or muscle enhancing

Periodic Nutritional Assessment and Diet Counseling
• Low Protein Diet (LPD) to target a DPI of ~0.6 g/kg/day
• Low K (<2 g/d), Na (<2 g/d), PO4 (<1 g/d) and fluid (<1 L/d) intake as needed
• Assess dry weight, muscle mass, laboratory values, nutritional scores
• Assess diet adherence: 24-hr urine urea nitrogen (eDPI), creatinine, K, Na

Start nutritional intervention
• Continue diet counseling
• Correction of acidemia if present
• Correction of inflammation if possible
• Diet supplementation with high biological value proteins,

EAA or KA to achieve (or exceed) DPI ~0.6-0.8 g/kg/d &
DEI 30-35 kcal/kg/d

• Higher alkalinized or vegetarian diet
• Toxin absorbents in certain groups

Monthly-to-quarterly assessment
• Monitor nutritional status, appetite,

DPI, DEI, weight & muscle mass,
urinary and serum biomarkers

Maintenance of intervention
• Continue dietary intervention

to maintain achieved targets
DPI ~0.6-0.8 g/kg/d and DEI
30-35 kcal/kg/d

 Adjunct Pharmacologics
• Appetite stimulators
• Anti-depressants
• Anti-inflammatory agents
• Anti-oxidants
• Anabolic agents
• PO4 & K binders
• Diuretics & RAAS modulators

 Intensified Therapy
• Increase dose of dietary

supplement
• Change supplementation

method
• If poor nutritional status

continues or deteriorates,
consider tube feeding or
parenteral interventions

• Consider initiation of dialysis

No Improvement of
DeteriorationImprovement

Indication for Nutritional Interventions
• Unintentional weight loss or sarcopenia
• Poor appetite or poor oral intake
• Too low (<0.6) or high (>0.8 g/kg/d) DPI
• Disarrays in serum K, PO4

• Serum albumin level <4.0 g/dL
• Fast decline in renal function

Figure 23.1. Proposed nutritional therapy algorithm for the entire range of chronic kidney disease. Adapted from
Kovesdy, C. P., Kopple, J. D., & Kalantar-Zadeh, K. (2013). Management of protein-energy wasting in non-dialysis-
dependent chronic kidney disease: Reconciling low protein intake with nutritional therapy. American Journal of Clinical
Nutrition, 97, 1163–1177.
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interventions have been tested in small clinical trials, but their use in clinical practice remains 
uncommon, due to their potential to cause adverse effects, and due to the lack of robust outcome 
studies supporting their application.

	12.	 Can	nutritional	interventions	result	in	better	outcomes	in	patients	with	CKD?
PEW is the strongest predictor of increased mortality in patients with CKD of all stages. Based on the 
compelling results of epidemiologic studies, it is plausible to postulate that interventions aimed at 
improving nutritional status could be beneficial in these patients. Unfortunately, there are no clinical 
trial data to prove this hypothesis, and because of this, nutritional interventions cannot be advocated 
as a means to improve patient survival. Clinical trials have shown that various interventions can be 
successfully applied to improve biochemical measures of PEW (such as serum albumin) or to 
favorably change body composition, but it remains unclear if the application of such interventions 
(which include dietary and pharmacologic interventions) can result in better clinical outcomes. Well-
conducted large observational studies have suggested that nutritional supplementation in dialysis 
patients is associated with favorable outcomes. The clinical benefit of such interventions would have 
to be proven in dedicated randomized controlled clinical trials.

 1. PEW and its markers are among the strongest predictors of mortality in dialysis patients.
 2. Obesity is associated with higher risk of incident CKD, but once CKD is established, obesity is  

paradoxically associated with survival advantages.
 3. Oral nutritional supplements and other nutritional and dietary interventions should maintain serum 

albumin greater than 4.0 g/dL.

KEY POINTS
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	 1.	 How	do	you	recognize	progressive	kidney	failure?
Progressive kidney failure is recognized by an increasing serum creatinine over time. However, some
patients may have a normal creatinine early in the course of their chronic kidney disease (CKD).
Individuals with an abnormal urinary sediment (e.g., proteinuria or hematuria) or abnormal pathology
on a kidney biopsy are at risk for progressive kidney failure.

Because serum creatinine is a reflection of muscle mass, a person with low muscle mass can
have CKD despite a creatinine in the normal range. Conversely, patients with larger muscle mass may
have an abnormally elevated creatinine despite normal kidney function. For these reasons, calculating
an estimated glomerular filtration rate (eGFR) is the recommended way to assess kidney function
(see chapter on Glomerular Filtration Rate). These equations should not be used in acute kidney injury
because the calculations assume a stable serum creatinine.

	 2.	 How	do	you	monitor	the	rate	of	loss	of	kidney	function?
Kidney function is monitored with serum creatinine (or eGFR correlates as outlined previously) and
urinalysis. A certain degree of fluctuation in serum creatinine can be expected and is usually related
to changes in volume status, medications, and diet. Creatinine values should be viewed over time to
judge progression of CKD.

Creatinine-based GFR-estimating equations are less accurate in elderly patients and lead to
overdiagnosis of CKD, particularly in those patients with higher eGFR. Directly measuring creatinine
clearance or using creatinine in combination with cystatin C–based eGFR equations can be used to
further assess kidney function in older patients if a definitive diagnosis of CKD is required (e.g., a
potential kidney donor).

A rise in urine protein excretion (or a failure to decrease urine protein excretion following
treatment) is also an indicator of disease activity and progression of kidney disease. Therapy should
be aimed at reducing proteinuria to slow the progression of kidney disease. This can be done by
treating the underlying disease, if possible, or using inhibitors of the renin angiotensin system (such
as angiotensin-converting enzyme [ACE] inhibitors or angiotensin receptor blockers [ARBs] but not in
combination) to decrease proteinuria.

	 3.	 What	are	the	risk	factors,	diseases,	and	complications	that	should	be	considered	in	the	management
of	patients	with	progressive	kidney	failure?
See Box 24.1.

	 4.	 What	is	the	blood	pressure	(BP)	goal	for	a	person	with	progressive	kidney	failure?
Although guidelines such as Joint National Committee (JNC) 8 relaxed BP goals compared with prior
treatment recommendations, there has been evidence from studies published subsequent to these
guidelines supporting a more aggressive approach to BP management.

The Systolic Blood Pressure Intervention Trial (SPRINT) was a prospective randomized controlled
trial that was enriched with CKD patients (although without significant proteinuria) that assigned
patients to a systolic BP goal of less than 120 mm Hg (intensive treatment) or less than 140 mm Hg
(standard treatment). BP was measured differently from typical office BPs, using a device that can
average multiple consecutive readings with the patient resting alone in a room. A mean of three
consecutive BPs was used as the visit BP.
Overall, participants assigned to the intensive treatment group, as compared with those assigned to
the standard treatment group, had a 25% lower relative risk (RR) of major cardiovascular events, with
consistent results across subgroups defined according to age, sex, race, medical history, and baseline
BP. In addition, the intensive treatment group had a 27% lower RR of death from any cause. SPRINT
was the first randomized controlled trial (RCT) to demonstrate a benefit in lower BP goals (i.e., systolic
,140). Of note, the method of BP assessment in the trial is rarely used in clinical practice.
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In an earlier RCT, the African American Study of Kidney Disease and Hypertension, African 
Americans with hypertension and CKD were randomly assigned one of two mean arterial pressure 
goals: 102 to 107 mm Hg or 92 mm Hg or less. Achieved BP averaged 128/78 mm Hg in the lower BP 
group and 141/85 mm Hg in the usual BP group. The mean change in GFR over the 4 years of the 
study did not differ significantly between arms (–2.21 vs. –1.95 mL/min per 1.73 m2 per year, in the 
lower and usual BP arms, respectively; P 5 .24).

To address BP targets in diabetic patients, the Action to Control Cardiovascular Risk in Diabetes 
blood pressure (ACCORD BP) trial randomly assigned 4733 patients with type 2 diabetes who had 
cardiovascular disease or at least two additional risk factors for cardiovascular disease to either 
intensive therapy (goal systolic BP less than 120 mm Hg) or standard therapy (goal systolic BP less 
than 140 mm Hg). There was no significant difference in the annual rate of the primary composite 
outcome of nonfatal myocardial infarction, nonfatal stroke, or death from cardiovascular causes 
between the intensive versus standard therapy groups. There was an increase in drug side effects, 
including hypotension (2.4% vs. 1.4%), syncope (2.3% vs. 1.7%), and acute kidney injury (4.1% vs. 
2.5%), in the intensive therapy group versus standard therapy group. Both SPRINT and ACCORD used 
the same BP targets, with different patient populations (ACCORD was diabetes only and SPRINT used 
patients at high cardiovascular disease (CVD) risk but excluded diabetes) and had different results. Of 
note, SPRINT had twice the number of patients as ACCORD did.

Given conflicting data, current treatment goals are systolic ,130 and diastolic ,80 for CKD 
with proteinuria. Kidney Disease: Improving Global Outcomes (KDIGO) currently recommends a goal 
BP of systolic ,140 and diastolic ,90 for nonproteinuric CKD patients.

	 5.	 What	are	the	preferred	antihypertensive	medications	for	a	patient	with	progressive	kidney	failure?
Multiple studies suggest that in CKD, particularly with increased urine protein excretion, an ACE 
inhibitor or ARB is the preferred antihypertensive medications (and perhaps direct renin inhibitors if 
ACE inhibitors or ARBs are not tolerated). For a patient with proteinuria, BP reduction and urine protein 
excretion should be goals of therapy and used to titrate doses of either of these medication classes 
upward. Studies of ACE inhibitors and ARBs in patients with diabetes, human immunodeficiency virus 
(HIV)-associated nephropathy, and multiple other glomerular diseases demonstrate a benefit from the 
use of these agents in slowing the progression of kidney disease independent of their BP effects.

Due to their effects on glomerular hemodynamics, patients treated with ACE inhibitors and ARBs 
should have their serum creatinine and potassium levels monitored. Side effects include hyperkalemia 
and acute kidney injury (AKI). Late-onset kidney failure from angiotensin blockade has been 
described. A study of older patients who had significant worsening of creatinine with angiotensin 
blockade (.25% increase in serum creatinine) found that once angiotensin blockade was stopped, 
most showed improvement or stabilization in kidney function. Whether these changes represent a 
transient hemodynamic effect or true progression of their underlying CKD needs further investigation.

	 6.	 What	studies	have	demonstrated	that	BP	control	slows	the	progression	of	CKD?
Multiple observational studies show that individuals with lower BPs have better overall kidney 
outcomes and slower progression to ultimate kidney failure. However, it is important to demonstrate 
this effect through a randomized clinical trial looking at kidney end points with different BP goals. For 
instance, if patients are randomized to a higher versus lower BP, do the patients in the lower BP group 
have slower progression to kidney failure? The answer to this question is, No. In large studies 

Box 24.1. Factors to Consider in the Management of Patients With Progressive 
Kidney Failure (No Matter the Original Etiology)

Contributors to the Loss of Kidney 
Function
• Hypertension
• Diabetes mellitus
• Dietary salt intake
• Proteinuria
• Metabolic acidosis

Complications of Chronic Kidney Disease
• Anemia
• Platelet dysfunction
• Abnormal bone and mineral metabolism (e.g.,  

secondary hyperparathyroidism)
• Lipid abnormalities (elevated cholesterol and  

triglycerides)
• Metabolic acidosis
• Volume overload
• Electrolyte disturbances (e.g., hyperkalemia)
• Cardiovascular disease
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including the Modification of Diet in Renal Disease (MDRD) study, African American Study of Kidney
Disease and Hypertension (AASK), Ramipril Efficacy in Nephropathy-2 (REIN-2) Study as well as in
SPRINT, lower BP goals failed to slow the progression of kidney failure. This was confirmed in a 2016
meta-analysis of 613,815 patients and 123 studies.

Every 10-mm Hg reduction in systolic BP significantly reduced the risk of major cardiovascular
disease events (RR 0.80, 95% CI 0.77 to 0.83), coronary heart disease (RR 0.83, 95% CI 0.78 to
0.88), stroke (RR 0.73, 95% CI 0.68 to 0.77), and heart failure (RR 0.72, 95% CI 0.67 to 0.78), which,
in the populations studied, led to a significant 13% reduction in all-cause mortality (RR 0.87, 95% CI
0.84 to 0.91). However, the effect on kidney failure was not significant (RR 0.95, 95% CI 0.84 to 1.07).

At this time, we do not have compelling evidence that lowering BP preserves kidney function,
but given its powerful effect at modulating risk of stroke, heart disease, and total mortality, this should
not dissuade from careful and thoughtful BP management.

	 7.	 What	is	the	goal	hemoglobin	A1c	(HbA1c)	in	patients	with	progressive	kidney	failure?
The goal HbA1c in patients with CKD with respect to its effect on hard clinical outcomes has not been
clearly established and is beyond the scope of the chapter; from the kidney perspective, glucose
control close to normal range is associated with the slowest rate of progression of kidney disease.
The Diabetes Control and Complications Trial (DCCT) randomly assigned approximately 1400 patients
with type I diabetes to intensive therapy aimed at maintaining glucose concentrations close to the
normal range as compared with conventional therapy. Intensive therapy reduced the occurrence of
microalbuminuria by 39% and albuminuria by 54%.

The Epidemiology of Diabetes Interventions and Complications (EDIC) Study is a long-term,
observational study which follows the DCCT cohort of patients to determine the effects of prior DCCT
treatment on diabetes complications, particularly nephropathy and macrovascular complications. It
showed that the benefits of intensive diabetes controlled were sustained: after 16 years of follow-up
in EDIC (22 years since the start of the DCCT trial), patients originally assigned to intensive glycemic
control were significantly less likely to develop impaired kidney function (eGFR , 60 mL/min per
1.73 m2) –3.9% versus 7.6% in the standard therapy group.

Thus a goal HbA1c of close to 7%, particularly in older patients, is a reasonable target and is consistent
with the 2012 Kidney Disease Outcomes Quality Initiative and KDIGO guidelines for patients with CKD.

	 8.	 Is	hemoglobin	Alc	a	good	marker	of	blood	sugar	control	in	a	person	with	progressive	kidney	failure?
Although hemoglobin A1c is a sufficient marker of blood sugar control in a patient with earlier stages of
kidney disease who does not yet require dialysis, this parameter has limited utility in patients with stage
5 disease. Studies suggest little correlation between average blood glucose level and hemoglobin A1c
with clinical outcomes in late-stage CKD due to nonenzymatic glycosylation of hemoglobin in the uremic
serum and shortened red blood cell survival. Multiple other potential markers have been studied, and
glycosylated albumin may be a good alternative for assessment of glycemic control.

	 9.	 Does	the	management	of	lipids	affect	the	course	of	patients	with	progressive	kidney	failure?
Current treatment guidelines recommend treatment of hyperlipidemia in patients with CKD. A meta-
analysis published in 2009 included 26 studies with 25,017 participants with stage 3 or stage 4 CKD.
Compared with placebo, statin therapy decreased the risk of all-cause mortality, cardiovascular
death, and nonfatal cardiovascular events. There was no effect on rate of GFR decline. More evidence
supporting the use of statins came from the SHARP trial (Study of Heart and Renal Protection). This
randomized controlled trial evaluated the efficacy of simvastatin plus ezetimibe compared with placebo
in lowering cardiovascular morbidity in patients with CKD, approximately one-third of whom were on
maintenance dialysis. SHARP included 6247 patients with CKD who were not treated with maintenance
dialysis. During a median follow-up of 4.9 years, simvastatin/ezetimibe lowered the incidence of the
primary end points of coronary death, myocardial infarction, ischemic stroke, or any revascularization
procedure (9.5% vs. 11.9% in the placebo group).

The evidence for the use of statins in patients who are on dialysis is discussed elsewhere in
this book.

	10.	 How	does	diet	(salt,	protein,	and	fluids)	affect	the	progress	of	kidney	disease?
Sodium restriction to less than 2 g/day in patients with CKD can facilitate better BP and volume
control, as well as reducing albuminuria. Early studies of dietary protein restriction suggested that a
lower-protein diet decreased hyperfiltration and glomerular pressure and may potentially benefit the
progression of kidney disease. However, the large MDRD study failed to demonstrate a benefit in
slowing kidney disease progression among people who reduced their protein intake, only delaying the
onset of symptoms. KDIGO currently recommends that patients at risk of progressive CKD to avoid
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high protein intake (.1.3 g/kg per day) and patients with CKD stage 4 should restrict protein intake 
to 0.8 g/kg per day.

	11.	 How	should	proteinuria	be	used	as	a	marker	and	a	target	of	disease	activity	in	the	person	with	
progressive	kidney	disease?
Proteinuria is an important surrogate outcome for disease activity in someone with progressive kidney 
disease. In a patient with glomerular kidney disease, the level of proteinuria correlates with disease activity 
and potential risk for progression. Therefore therapeutic decisions aimed at lowering protein excretion 
should be implemented in a paradigm similar to BP management; baseline protein excretion should be 
estimated using a urine test such as the urine protein-to-creatinine ratio. The urine protein-to-creatinine 
ratio roughly approximates the amount of protein a patient excretes in a single 24-hour period. A lower 
value of approximately 0.3 g or less is considered normal. A value .0.3 g is abnormal.

In a patient with an abnormal level of proteinuria, therapy, such as ACE inhibitors or ARBs, should 
be initiated to lower urine protein excretion. The urine protein excretion should be rechecked to 
determine the effect of therapy. The therapeutic goal is to decrease the urine protein-to-creatinine ratio 
to the lowest value possible. If, after initiating the therapy, the desired urine protein-to-creatinine ratio is 
not reached, the medication chosen should be titrated up as tolerated. However, patients should not be 
treated with a combination of both ACE inhibitors and ARBs or a combination of ACEi and direct renin 
inhibitors because studies have shown that these drugs in combination are associated with an increased 
risk of adverse events and a more rapid decline in GFR, despite effectively lowering proteinuria.

	12.	 When	is	anemia	likely	to	occur	in	the	person	with	progressive	kidney	disease?
Anemia is a common feature in patients with advanced CKD. It becomes increasingly common as the 
eGFR declines to less than 60 mL/min per 1.73 m2. In a study of more than 15,000 participants in the 
National Health and Nutrition Examination Survey (NHANES), the prevalence of anemia (hemoglobin 
,12 g/dL in men and ,11 g/dL in women) increased from 1% at an eGFR of 60 mL/min per 1.73 m2 
to 9% at an eGFR of 30 mL/min per 1.73 m2 and to 33% in males and 67% in females at an eGFR of 
15 mL/min per 1.73 m2.

	13.	 What	are	the	mechanisms	by	which	anemia	develops	in	the	patient	with	progressive	kidney	disease?
The mechanism for anemia is multifactorial in the person with CKD. An important contributor is 
decreased endogenous erythropoietin production related to decreased nephron mass; however, also 
contributing to anemia are factors including iron deficiency, both absolute and functional.

	14.	 What	are	the	therapeutic	options	in	the	treatment	of	anemia	in	the	patient	with	progressive	kidney	
disease?
Therapies available for the patient with anemia and kidney disease include iron supplementation and 
erythrocyte-stimulating agents (ESAs) once iron stores are replete. The initial evaluation in patients 
with anemia should include red cell indices, iron, ferritin, total iron-binding capacity, transferrin 
saturation, vitamin B12 and folate, reticulocyte count, and platelets. Patients with iron deficiency 
should be treated with iron. Iron stores may be supplemented through oral iron supplementation. 
When oral iron is not efficacious, intravenous iron is an alternative option.

Patients whose hemoglobin falls to less than 10 g/dL despite adequate iron stores can be 
treated with ESAs such as epoetin-alfa or darbepoetin given subcutaneously.

	15.	 What	are	the	treatment	goals	for	anemia	in	a	patient	with	progressive	kidney	disease?
The treatment goals for anemia in a patient with progressive kidney disease are based on several clinical 
trials. Three clinical trials have been performed to evaluate the effect of anemia correction with ESAs on 
clinical outcomes such as death, congestive heart failure, myocardial infarction, and stroke. Two clinical 
trials enrolled a wide range of patients with CKD and anemia, randomly assigning them to treatment  
for correction of their anemia to hemoglobin of approximately 13 versus hemoglobin of approximately 11. 
Although one study failed to demonstrate any benefit or harm when the two arms were compared, the 
other demonstrated worse outcomes in the group randomized to the higher hemoglobin level. Finally, a 
trial randomly assigning patients to receive darbepoetin to achieve a target hemoglobin of 13 g/dL as 
compared with placebo (i.e., no anemia correction) failed to demonstrate a difference in cardiovascular 
outcomes or mortality between the two arms. However, it is noteworthy that this trial did demonstrate a 
significantly increased risk of stroke in the arm receiving active treatment with the ESA. In addition, there 
was an increase in cancer-related deaths in patients with a prior history of cancer.

The treatment goal recommended by the US Food and Drug Administration (FDA) for ESAs is to 
consider starting ESA therapy when the hemoglobin is ,10 g/dL if the rate of hemoglobin decline 
indicates the likelihood of requiring a red blood cell transfusion and a reduction in alloimmunization- and 
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transfusion-related risks is the goal. In addition, the previously mentioned trials have demonstrated an
increased risk of adverse cardiovascular events when hemoglobin .11 g/dL, and the FDA now specifies
that ESA dosing should be reduced or stopped if the Hb level exceeds 11 g/dL. The relative benefit to
quality of life as compared with the increased risk of cardiovascular events, particularly stroke, should be
considered on a case-by-case basis.

	16.	 What	are	the	parameters	that	should	be	monitored	in	bone	and	mineral	metabolism,	and	when	are
changes	in	these	parameters	likely	to	occur	in	the	person	with	progressive	kidney	disease?
The parameters that should be monitored in patients with progressive kidney disease with respect to
bone and mineral metabolism include serum levels of calcium, phosphorous, 25-hydroxyvitamin D,
and intact parathyroid hormone (PTH). Although phosphorous retention occurs early in CKD, a rise in
PTH (particularly when GFR , 60) serves to maintain serum calcium and serum phosphorous within
normal ranges in the vast majority of patients until late stages of progressive kidney disease.

	17.	 What	is	the	mechanism	by	which	bone	and	mineral	metabolism	changes	in	the	person	with
progressive	kidney	disease?
The earliest changes involve rising fibroblast growth factor (FGF)-23 levels, which increase phosphate
excretion in the urine and suppress 1,25 vitamin D production. Increased phosphorous and low
1,25-vitamin D lead to hypocalcemia, which stimulates PTH production (secondary
hyperparathyroidism) to normalize serum calcium.

	18.	 What	are	the	therapeutic	options	to	treat	the	changes	in	bone	and	mineral	metabolism	seen	in
progressive	kidney	disease?
The therapeutic options available for a person with derangements in bone and mineral metabolism
include normalizing 25 vitamin D levels and dietary counseling to decrease phosphorous intake. In the
setting of persistent hyperphosphatemia, a phosphate binder can be used. These binders are taken
with the patient’s meal to bind the phosphorus in the food, preventing absorption. Phosphate binders
include calcium carbonate, calcium acetate, sevelamer, lanthanum, and iron-based binders.
Aluminum-containing binders are not recommended due to the increased risk of aluminum toxicity. It
should be noted that no studies have demonstrated an improvement in clinical outcomes with the use
of phosphate binders. Indeed, there is concern that the use of calcium-based binders can lead to an
increase in vascular calcification. This was demonstrated in a study by Block et al., in which patients
treated with binders had increased calcification of the coronary arteries and abdominal aorta
compared with placebo.

In addition to treating 25 vitamin D deficiency, active 1,25 vitamin D (calcitriol) or active vitamin D
analogues (paricalcitol, ergocalciferol) and the calcimimetic cinacalcet can be used to suppress
secondary hyperparathyroidism. However, similar to phosphate binders, the evidence of the effectiveness
of vitamin D analogues on clinical outcomes in CKD is lacking. The relative combination of these agents
should be considered on a case-by-case basis following measurement of serum calcium, phosphorus,
vitamin D and intact PTH levels.

	19.	 What	are	the	treatment	goals	for	changes	in	bone	and	mineral	metabolism	in	the	patient	with
progressive	kidney	disease?
The treatment goals for a patient with derangements in bone and mineral metabolism are focused on
maintaining serum calcium and phosphorous within the normal range. With regard to PTH, current
treatment guidelines suggest initiating therapy when the serum PTH is progressively rising and
remains persistently greater than the upper limit of normal for the assay.

	20.	 What	are	the	potential	benefits	of	treating	metabolic	acidosis	and	what	is	the	target	bicarbonate
level?
The prevalence of metabolic acidosis (serum HCO

–
3 , 22) increases as CKD progresses. Chronic

metabolic acidosis in CKD is associated with adverse consequences such as increased muscle
catabolism, bone reabsorption, systemic inflammation, impaired myocardial contractility, and increased
mortality. It is also associated with a higher risk of progressive loss of kidney function. Patients with
metabolic acidosis can be treated with alkali therapy to maintain bicarbonate in the normal range
(23 to 29 mEq/L). Options include sodium bicarbonate, sodium citrate, and alkali-rich diets (fruits and
vegetables). Therapy with bicarbonate slowed progression of CKD in multiple single-center trials.

	21.	 What	is	the	effect	of	smoking	on	progression	of	CKD?
Smoking is associated with a higher incidence of cardiovascular- and cancer-related deaths in
patients with CKD, similar to the general population. Some studies have also found an association
between smoking cessation and a slower rate of progression of CKD.
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	22.	 In	preparation	for	dialysis,	when	and	what	should	patients	be	told	to	assist	them	in	their	decision	
regarding	modality	choice?
Patient education should begin early. The patients may wish to understand their options early in their 
disease progression; however, referral to a nephrologist and education with respect to options for 
kidney or placement therapy should begin no later than stage 4 CKD. Options such as conservative 
care, hemodialysis, peritoneal dialysis, home hemodialysis, and renal transplantation should be 
discussed and plans established.

	23.	 In	a	person	interested	in	hemodialysis,	when	and	what	should	be	done	to	facilitate	the	timely	
placement	of	a	functional	vascular	access,	and	why	is	that	important?
For a patient who is opting for hemodialysis, vascular access should be placed early enough so that 
the vascular access is usable when hemodialysis is initiated. Patients and their health care providers 
should be instructed to avoid venipuncture above the hands, particularly in the nondominant arm, to 
preserve the veins for arteriovenous fistula (AVF) formation. An AVF takes several months to mature 
and will fail to mature in approximately half the cases. Arteriovenous grafts will be able to be used  
2 to 3 weeks after placement. Peritoneal dialysis requires sufficient time for not only catheter 
placement and healing (approximately 2 to 4 weeks) but also the training that will be required for  
the patient and his or her family prior to the full initiation of the therapy. Having a patient’s vascular 
access or peritoneal access ready when it is necessary to initiate renal replacement therapy is 
important to avoid placement of an intravenous catheter and hospitalization to initiate hemodialysis. 
Catheters have increased risk of infection and mortality compared with AVF.

	24.	 Can	a	person	receive	a	kidney	transplant	without	having	been	on	dialysis?
Patients can be listed for kidney transplant when eGFR  20. Preemptive transplantation (i.e., prior to 
initiation of dialysis) has been shown to provide a patient and graft survival benefit over transplantation 
following the initiation of dialysis. In that regard, education and timely referral of a patient for kidney 
transplantation should be considered for those patients with progressive CKD who are appropriate 
candidates (Fig. 24.1).
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Figure 24.1. Prognosis of chronic kidney disease (CKD) by glomerular filtration rate (GFR) and albuminuria categories:
KDIGO 2012. (Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. (2013). KDIGO 2012 clinical practice
guideline for the evaluation and management of chronic kidney disease. Kidney International Supplements, 3, 1–150.)
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 1. Chronic kidney disease (CKD) progression can be monitored using serum creatinine and urine protein 
excretion.

 2. Proteinuria is an important surrogate outcome for disease activity in someone with progressive kidney 
disease. In a patient with glomerular kidney disease, the level of proteinuria correlates with disease 
activity and potential risk for progression. Proteinuria can be reduced with angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockers; however, several studies have shown that these 
drugs should not be used in combination due to an increased risk of adverse events.

 3. Although hemoglobin A1c is a sufficient marker of blood sugar control in a patient with early stages of 
kidney disease, it has limited utility in patients with stage 5 disease. Studies suggest little correlation 
between average blood glucose level and hemoglobin A1c in CKD stage 5 due to nonenzymatic 
glycosylation of hemoglobin and shortened red blood half-life.

 4. Patients with progressive CKD should be educated about treatment options, including conservative 
care, hemodialysis, peritoneal dialysis, and transplantation.

 5. In patients with metabolic acidosis, treatment with oral bicarbonate may slow progression of CKD, 
improve bone health, and nutritional status.

KEY POINTS
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	 1.	 How	can	chronic	kidney	disease	(CKD)	alter	the	pharmacokinetic	behavior	of	most	drugs?
CKD directly and indirectly affects the pharmacokinetic properties of most drugs. Alterations of drug
pharmacokinetics in patients with kidney failure are based on changes in absorption, distribution,
metabolism, and elimination.

	 2.	 How	can	changes	in	absorption	resulting	from	CKD	alter	the	pharmacokinetic	behavior	of	drugs?
• Alkaline saliva. As CKD progresses, saliva becomes more alkaline. This compromises absorption of

drugs that need an acid milieu (e.g., iron supplements) and contributes to a higher gastric pH.
• Nausea and vomiting may reduce drug ingestion and absorption.
• Volume overload states: Edema of the gastrointestinal tract limits absorption.
• Drug interactions: Many drugs used in the management of CKD limit drug absorption by forming

nonabsorbable complexes (e.g., iron, phosphate-binding agents).
• Gastrointestinal neuropathy: Uremia may delay gastric emptying time, particularly in patients with

diabetes.

	 3.	 How	can	changes	in	distribution	from	CKD	alter	the	pharmacokinetic	behavior	of	drugs?
The volume of distribution (VD) represents the ratio of administered dose to the resulting plasma drug
concentration. The calculated VD is a theoretic representation of the size of the anatomic space occu-
pied by the drug if it were present throughout the body in the same concentration as that in the
plasma. Drugs with a large VD, such as digoxin, are distributed widely throughout the tissues and are
present in relatively small amounts in the blood. In patients with CKD, changes in drug distribution
may arise from either fluid retention or reductions in the extent of protein binding in tissue and
plasma. CKD has very limited effects on drugs with large volume distribution. Conversely, drugs that
are less lipid soluble and highly protein bound will tend to have a lower VD because they are more
restricted to the vascular compartment. Kidney impairment and hemodialysis has a significant effect
on drugs with small VD. For example, in critically ill patients with CKD, for a drug like vancomycin
with a small VD, higher than recommended loading and daily doses are needed to rapidly achieve
therapeutic serum concentrations.

Malnutrition and proteinuria reduce the amount of protein available for protein binding, and
uremic stage may alter the affinity of many drugs to albumin. Thus the concentration of free drug will
increase in these settings, which can result in increased free fraction and potential adverse drug
reactions. Therapeutic drug monitoring (TDM) for free or unbound drug concentrations in patients with
kidney insufficiency or heavy proteinuria (e.g., free phenytoin levels) is an important consideration.

	 4.	 How	can	changes	in	metabolism	as	a	result	of	CKD	alter	the	pharmacokinetic	behavior	of	drugs?
Even drugs without or with only minimal kidney elimination can have altered pharmacokinetics in
advanced CKD. CKD may increase, decrease, or have no effect on nonkidney clearance. Some drugs are
metabolized to active metabolites that are insignificant with normal kidney function but accumulate in
CKD. For example, morphine metabolizes to 6- and 3-morphine-gluconate with respiratory depression
and seizure properties. In CKD the clearance of the parent compound (morphine) is not significantly
affected; however, morphine metabolizes to 6- and 3-morphine-gluconate, which accumulate and place
patients at risk for serious adverse drug reactions. Therefore it is recommended that morphine be used
cautiously in patients with CKD or avoided completely if high doses or a prolonged use is indicated.

	 5.	 How	can	changes	in	elimination	as	a	result	of	CKD	alter	the	pharmacokinetic	behavior	of	drugs?
A reduction in the glomerular filtration rate (GFR) will generally lead to an increased half-life of a drug
that is eliminated primarily by the kidney. Clearance is a measure of the efficiency of the kidney at
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excreting a specific compound. The clearance of a drug is the amount of plasma from which the drug 
is completely removed from over unit time. For example, a furosemide clearance of 20 mL/min means 
that every minute enough furosemide is excreted in the urine to completely clear out all of the furose-
mide from 20 mL of plasma.

	 6.	 What	characteristics	determine	whether	a	drug	is	removed	by	dialysis?
• Molecular weight. As a general rule, smaller molecular weight substances pass through the 

dialyzer membrane much more easily than larger weight molecules. In general, free drug molecules 
with a molecular weight of less than 500 Daltons (D) are removed efficiently by hemodialysis.

• Protein binding. Decreased protein binding may increase the amount of free drug available for 
removal during dialysis. In the setting of an overdose, the amount of ingested drug may exceed the 
normal protein-binding capacity. This would allow removal of the excess drug by hemodialysis, 
even though dialysis has a minimal effect when the drug is used at normal doses.

• VD. Drugs with large volumes of distribution are not removed effectively by dialysis. Lipid-soluble 
drugs usually have large volumes of distribution, making significant removal of the drug difficult 
because the plasma volume is rapidly replenished from other tissues (e.g., cyclosporine and digoxin).

• Water solubility. Drugs with high water solubility will be dialyzed to a greater extent than those 
with high lipid solubility.

• Dialyzer membrane. The pore size, surface area, and geometry are the primary factors in deter-
mining whether a dialysis membrane will clear a specific drug. Historically, standard dialysis mem-
branes did not effectively remove vancomycin (molecular weight, 3300 D) given its size. Currently, 
high-flux membranes that remove larger-molecular-weight molecules have become standard of 
care in dialysis practice. Therefore vancomycin and many other antibiotics are removed by these 
membranes. Dosing of these medications should be held until after dialysis on those days.

• Blood and dialysate flow rates. Increased flow rates during hemodialysis will increase drug 
clearance. Patients who cannot tolerate standard blood flow rates will require less replacement 
dosing of a drug after hemodialysis.

	 7.	 How	is	kidney	function	assessed	for	drug	dosing	determination?
The best way is to estimate the GFR. The gold standard is measurement of the clearance of inulin; 
however, this is cumbersome and impractical for clinical use. Measurement of the 24-hour creatinine 
clearance (CrCl) is no longer recommended for similar reasoning. This has led to the development of 
equations to estimate GFR such as the Cockcroft-Gault (CG) and Modification of Diet in Renal Disease 
(MDRD) study. These equations use serum creatinine as one of the variables and both generally  
provide similar dosing recommendations. Adverse events such as drug accumulations are relatively 
uncommon when the GFR remains .50 mL/min.

It is still important to consider potential analytic interferences in these calculations based on the 
concurrent drug therapy. Some drugs may artifactually increase or decrease the measured serum  
creatinine concentration without directly influencing GFR. Drugs that inhibit the tubular secretion of 
creatinine will raise the serum level (e.g., trimethoprim, cimetidine, and probenecid).

	 8.	 What	the	best	method	to	estimate	kidney	function	for	drug	dosing	in	CKD?
Most approved drugs advice to use CG method by the way to estimated kidney function for medication 
dosage adjustment in patients with kidney disease. Recently, it has been questioned that other 
methods of estimating kidney function perhaps are more accurate than CG method for estimating 
kidney function. It is important to remember that CG formula, MDRD, and Chronic Kidney Disease-
Epidemiology (CKD-EPI) Collaboration equation are only an “estimation” and “approximation” of  
kidney function. Neither of these methods provides accurate “measurement” or “calculation” of kidney 
function. In addition, there are many other changes in the kidney that might affect drug handling 
than just filtration rate such tubular function and organic acid accumulations. Health care providers 
should also consider drug safety and efficacy for dosage adjustment. In general, a number of recent 
studies comparing the equations for their influence on drug dosage adjustment have shown that the 
MDRD perhaps is a better method with a greater concordance with measured GFR compared with 
other methods.

	 9.	 What	commonly	prescribed	drugs	cause	hyperkalemia	in	patients	with	CKD	and	receiving	dialysis?
Many drugs used as therapy for CKD and associated conditions, such as heart failure and hypertension, 
can cause or worse hyperkalemia. Often, it is combinations of these medications that lead to hyperkale-
mia. Potassium (K1) supplements are used frequently in combination with diuretic therapy. K1-sparing 
diuretics (spironolactone, amiloride) inhibit kidney elimination of K1. Angiotensin-converting enzyme 
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(ACE) inhibitors and angiotensin receptor blockers (ARBs) are common causes via alterations in the  
renin-angiotensin-aldosterone system (RAAS). Digoxin inhibits the basolateral Na-K ATPase in cardiac 
myocytes. Because of a narrow therapeutic window, overdose states are not uncommon and can result 
in elevated K1. Acute and/or chronic reductions in GFR in association with the previously mentioned 
medications can tip a patient into hyperkalemia by compromising K1 excretion by the kidneys. Nonste-
roidal antiinflammatory drugs (NSAIDs) and beta blockers also impair kidney K1 excretion mainly 
through inhibition of RASS system leading to hyperkalemia. Digoxin inhibits the basolateral Na-K ATPase 
in cardiac myocytes. Penicillin infusion solutions contain a high amount of K1 for drug stability.

Calcineurin inhibitors (CNIs) such as tacrolimus or cyclosporine are the backbone of immunosup-
pression in kidney transplant and are additionally used in the treatment of some glomerulonephritis. 
Both of these are associated with various electrolyte abnormalities including hyperkalemia.

	10.	 Which	antimicrobials	should	be	avoided	prior	to	hemodialysis	on	scheduled	dialysis	days?
Many antibacterial agents are water-soluble, small molecules, and not highly protein bound; thus they 
are well dialyzed and will require supplementation post-dialysis. Many of these agents are already  
administered in a reduced dose or frequency given the reduced kidney clearance. Beta-Lactam agents 
such as penicillins, cephalosporins, carbapenems, and monobactams are examples of such compounds. 
Aminoglycosides also exhibit similar properties. Carbapenem and imipenem can lower the seizure 
threshold and should be avoided altogether in patients receiving dialysis; meropenem in a reduced 
dose is a therapeutic alternative. Antifungals such as fluconazole may require supplemental dosing; 
however, the echinocandins (caspofungin, micafungin) and the amphotericin family do not. Antiviral 
agents should receive individual consideration given their varying properties. Entecavir and telbivudine 
appear to be removed by hemodialysis, whereas lamivudine does not.

	11.	 When	is	re-dosing	or	a	supplemental	dose	required	following	hemodialysis?
Dialysis clearance must increase total clearance by at least 30% to be considered clinically significant 
and to require a replacement dose after hemodialysis. The physicochemical characteristics as  
discussed previously determine the extent that a drug may be affected by dialysis.

	12.	 How	does	kidney	failure	effect	drug	metabolism?
Although the kidney is largely thought to be responsible for drug elimination, the kidney plays an  
important role in drug metabolism, thus contributing to need for dose adjustments. Current drug dosing 
guidelines are based on CKD, but both CKD and acute kidney injury (AKI) have been associated with  
decreased metabolism, specifically via cytochrome P450 (CYP) enzymes. The proposed mechanism is 
through increased circulating levels of urea, PTH, and cytokines, all of which are thought to downregu-
late both hepatic and intestinal CYP activity. In addition, individuals in kidney failure have been noted  
to have decreased drug transport (organic anion transporters and P-glycoprotein) capacity, further  
decreasing metabolism. Although the exact mechanism is not fully understood, improvement in drug  
metabolism has been noted in patients on dialysis.

	13.	 How	should	aminoglycosides	be	adjusted	for	hemodialysis?
First, the patient’s dosing weight should be determined. Use ideal body weight (IBW) unless total body 
weight (TBW) is less.
• Nonobese is: TBW , 130% of IBW
• IBW (males) 5 50 kg 1 (2.3 3 height in inches .60 inches)
• IBW (females) 5 45 kg 1 (2.3 3 height in inches .60 inches)
• In patients who are obese, adjust IBW: ABW (kg) 5 IBW 1 0.4 (TBW 2 IBW), where ABW is actual 

body weight.
Second, select the appropriate loading and maintenance doses:

• Loading dose should be considered in life-threatening infection (for gentamicin and tobramycin, 
give 2.5 mg/kg; for amikacin give 7.5 mg/kg as a loading dose).

• Select appropriate maintenance dose according to indications (Table 25.1).

	14.	 What	adjustments	should	be	made	for	administering	vancomycin	to	patients	receiving		
hemodialysis?
It is important to load patients receiving dialysis with 15 to 20 mg/kg based on ABW. Maintenance 
doses will depend on the dialysis membrane used during hemodialysis (Table 25.2).

	15.	 What	adjustments	should	be	made	for	patients	with	diabetes?
The breakdown of insulin decreases as kidney function deteriorates. Patients with diabetes must be 
monitored for symptoms of hypoglycemia because their insulin requirement may decrease concurrently. 
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Table 25.1. Aminoglycoside Dosing in Patients Undergoing Dialysis

Dose and Frequency in Patients Undergoing Dialysis

DRUG

HEMODIALYSIS 
(DOSE  
POSTDIALYSIS)

PERITONEAL 
DIALYSIS  
(EVERY 48 H)*

CONTINUOUS RENAL 
REPLACEMENT  
THERAPY (EVERY 24 H)

Gentamicin
Serious infection
Urinary tract infection
Synergy

1.5–2 mg/kg
1 mg/kg
1 mg/kg

1.5–2 mg/kg
1 mg/kg
1 mg/kg

1.5–2 mg/kg
1 mg/kg
1 mg/kg

Tobramycin
Urinary tract infection

1.5–2 mg/kg
1 mg/kg

1.5–2 mg/kg
1 mg/kg

1.5–2 mg/kg
1 mg/kg

Amikacin 7.5 mg/kg 7.5 mg/kg 7.5 mg/kg

Sulfonylureas that are excreted primarily by the kidneys can accumulate and result in a prolonged
hypoglycemic effect. For example, glyburide is metabolized to active metabolites with hypoglycemic
properties. A substitute to a drug with greater hepatic excretion, such as glipizide, should be considered
when GFR is reduced to less than 50 mL/min. Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are a
new class of hypogluycemic agents that work by inhibiting glucose absorption from the kidney. The use
of these agents should be avoided in patients with estimated glomerular filtration rate (eGFR) less than
40 mL/min. In addition, AKI has been reported with the use of SGLT2 inhibitors, most likely related to
hypoxic injury from osmotic diuresis and dehydration or concomitant use of NSAIDs. Finally, metformin
should be used with caution in patients with CKD (Table 25.3).

	16.	 What	is	the	new	guideline	for	the	appropriate	use	of	metformin	in	patients	with	various	degree	of
kidney	disease?
Historically, metformin was contraindicated in patients with CKD. The U.S. Food and Drug Administration
(FDA) required a labeling change for metformin. Dosing is now based off of eGFR rather than the
previous serum creatinine. The eGFR should be calculated before patients begin treatment with
metformin and at least annually thereafter. In patients with an eGFR $60 mL/min, no dose adjust-
ments are required for the use of metformin with annual monitoring. However, patients with an eGFR
between 30 and 60 mL/min require more frequent kidney function monitoring every 3 to 6 months
and dosage to be adjusted to no more than 1000 mg per day. In patients with an eGFR less than
30 mL/min, metformin should be discontinued to avoid the risk of lactic acidosis.

	17.	 How	does	narcotic	pain	management	differ	in	patients	with	CKD?
Meperidine should be avoided in patients with kidney failure because of accumulation of its metabo-
lite (normeperidine), which undergoes kidney elimination. Normeperidine also has an excitatory effect
on the central nervous system and causes seizures if it accumulates.

Propoxyphene should also be avoided in patients with kidney failure because of the accumulation
of a metabolite (norpropoxyphene). Both can cause ventricular arrhythmias as a result of class IA
antiarrhythmic properties. Another complication, propoxyphene-induced hypoglycemia, can be seen in
patients with CKD.

Morphine should be used with caution in patients with kidney failure. Morphine undergoes
glucuronidation to morphine-6-glucuronide (M6G) and morphine-3-glucuronide. M6G accumulates in
kidney failure and is a more potent analgesic than the parent compound. In patients with end-stage
kidney disease, the half-life of M6G is estimated to be 38 to 103 hours.

Codeine is metabolized in the liver to codeine-6-glucuronide, norcodeine, and morphine. A dose
reduction of 50% is generally recommended in kidney failure.

Hydromorphone is considered to be relatively safe and effective in patients with kidney
failure. It is metabolized in the liver to hydromorphone-3-glucuronide followed by a reduction to
6-a-hydroxyhydromorphone and 6-b-hydroxyhydromorphone, both of which are less potent analgesics
than the parent drug. Seizure activity and cognitive impairment have been reported in patients with
kidney failure receiving high-dose hydromorphone therapy.

Fentanyl is another good option for pain management in patients with kidney failure, even
though the kidneys eliminate both the parent drug and its metabolites.
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HEMODIALYSIS (HD) (HIGH FLUX)
CONTINUOUS VENOVENOUS  
HEMOFILTRATION (HD, HEMODIAFILTRATION) PERITONEAL

Loading dose 15–20 mg/kg dose based on actual body 
weight (ABW)
Note: Not to exceed 1500 mg
May consider 20 mg/kg in severe  
infections (i.e., meningitis, severe sepsis, 
endocarditis, osteomyelitis, and hospital-
acquired pneumonia [HAP])

15–20 mg/kg dose based on ABW
Note: Not to exceed 1500 mg
May consider 20 mg/kg in severe infections (i.e., meningitis, 
severe sepsis, endocarditis, osteomyelitis, HAP)

Not necessary

Maintenance dose 
(postdialysis)

,75 kg: 500 mg after HD for predialysis 
level ,20
.75 kg: 1000 mg after HD for predialysis 
level ,20

10–15 mg/kg every 24 h
Note: May consider higher doses in patients who are obese 
not to exceed 1500 mg Intravenous (IV) q24h

IP (intraperitoneal): 30 mg/kg loading 
dose
15 mg/kg every 3–5 days
Note: Patients that are not anuric may 
need to adjust dosing frequency because 
there is residual kidney function
IV: 15–20 mg/kg per dose

Serum level  
monitoring

Draw serum level prior to the second HD 
session, then get random levels with am 
labs on HD days only (or q48 h)
Note: Subsequent serum levels should be 
drawn prior to every or every other HD 
session

Draw serum level prior to the second or third dose  
(approximately 24 h after last dose)
Note: May draw random daily levels with am labs

IP: Draw serum trough level 72 h after 
loading dose
IV: Draw serum trough level 48–72 h 
after initial dose

Dosing based on  
serum levels

If pre-HD level is:
.20: hold dose
10–20: give dose after HD (based on 
weight)
,10: administer another loading dose 
after HD

If serum level is:
.20: hold dose
10–20: continue with q24h dosing
,10: 15–20 mg/kg loading dose n consider more 
frequent dosing or increasing the dose

If level is: .20: hold dose ,20: 
administer another dose

Table 25.2. Vancomycin Administration in Patients Undergoing Dialysis
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	18.	 How	is	dosage	of	anticonvulsants	adjusted	in	patients	with	CKD?
Phenytoin is a highly protein-bound drug. In patients receiving dialysis or in patients with CKD and 
significant proteinuria, the free fraction of phenytoin (free phenytoin) is elevated, although plasma 
phenytoin levels seem low. If not adjusted, total phenytoin levels are of little value. In patients receiving 
dialysis, the monitoring of free concentration is recommended for a target plasma concentration of  
1 to 2 mcg/mL.

If unable to obtain a free phenytoin level, the following equations can be used to adjust the  
serum concentrations based on either reduced albumin levels or presence of kidney failure (CrCl  
, 10 mL/min).
• Hypoproteinemia: Cadjusted 5 Cmeasured/[(0.2 3 albumin) 1 0.1]
• AKI and dialysis: Cadjusted 5 Cmeasured/[(0.1 3 albumin) 1 0.1]

	19.	 List	the	common	drug	interactions	for	cyclosporine	and	tacrolimus	in	kidney	transplant	recipients.
Many drugs are known to interact with CNIs (cyclosporine and tacrolimus); some agents are more 
problematic than others. Antiepileptic medications such as phenytoin, carbamazepine, and phenobarbital; 
antituberculosis agents such as rifampin, rifabutin, and isoniazid (INH); and herbal supplements such 
as St. John’s wort are well-known inducers of the cytochrome P-450 (CYP3A4) pathway and would 
decrease plasma concentrations of CNIs. Thus these drug-drug interactions may increase the risk  
of acute rejection following transplantation. The use of these agents in combination with CNIs requires 
dose escalation and careful TDM.

Coadministration of CNIs with agents that strongly inhibit the CYP3A4 enzymatic system may 
conversely result in nephrotoxicity. Nefazodone, nondihydropyridine calcium channel blockers  
(verapamil, diltiazem), antibiotics (erythromycin, clarithromycin, telithromycin, but not azithromycin), 
antifungal agents (ketoconazole, fluconazole, itraconazole, voriconazole), and grapefruit are strong 
CYP3A4 inhibitors. Grapefruit and grapefruit juice are known inhibitors of the cytochrome P-450  
pathway and should be avoided in transplant patients and patients with CKD taking statins and  
calcium channel blockers.

	20.	 What	are	the	common	risk	factors	for	aminoglycoside	kidney	toxicity?
Dose and duration of therapy, advanced age, use of other nephrotoxic agents (cyclosporine, tacrolimus, 
vancomycin), sepsis, hypotension, dehydration, and intravenous radiologic contrast medium have 
been reported as important risk factors in the development of aminoglycoside-induced nephrotoxicity. 
However, when confounding factors are adjusted using multivariate analysis, only dose, duration,  
advanced age, and baseline creatinine level have been associated with nephrotoxicity.

Table 25.3. Medication Adjustments for Patients With Diabetes

NORMAL KIDNEY 
FUNCTION

CHRONIC KIDNEY 
DISEASE STAGES 3–5 HEMODIALYSIS

Metformin 500–2000 mg/day Avoid Avoid (lactic acidosis)

Rosiglitazone 4–8 mg/day Caution Caution (heart failure and 
fluid retention)

Pioglitazone 15–30 mg/day Caution Caution (heart failure and 
fluid retention)

Glyburide 2.5–10 mg bid 50% Avoid

Glipizide 5–20 mg bid 100% 50%

Glimepiride 1–8 mg/day 50% Avoid

Nateglinide 120–180 tid 100% 100%

Dapagliflozine 5-10 mg/day Avoid Fungal urinary tract infec-
tions, dehydration and AKI

Canaglifozine 100-300 mg/day Avoid Fungal urinary tract infec-
tions, dehydration and AKI

Rapaglinide 0.5–4 mg tid 100% 100%

Sitagliptin 100 mg/day 50 mg/day 25 mg/day
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	21.	 What	drugs	have	been	associated	with	or	precipitate	nephrolithiasis?
Several agents can crystallize in the urine, such as indinavir, topirmate, acyclovir, sulfadiazine, and  
triamterene. Stones related to these drugs usually involve the crystalline structure. Topirmate is a  
carbonic anhydrase inhibitor and causes systemic metabolic acidosis, which leads to decreased  
urinary citrate excretion. Alternation of urinary pH may increase the risk of calcium phosphate stones. 
Nephrolithiasis also has been reported with prolonged use of ceftriaxone in children. Large amounts of 
vitamin C intake in men have been associated with an increased risk of calcium-based stone formation, 
presumably related to its metabolism to oxalate. Initiation of uricosuric therapy with probenecid  
can precipitate uric acid stone formation. Loop diuretics (e.g., furosemide) can also play a role as a 
result of increased urinary calcium excretion and volume contraction related to diuresis. Conversely, 
thiazide-type diuretics reduce urinary calcium excretion.

	22.	 How	can	ACE	inhibitors	and	ARBs	cause	kidney	dysfunction	while	being	protective	in	diabetic		
nephropathy?
ACE inhibitors and ARBs exert their effects by blocking the RAAS pathway. The pharmacodynamic  
effects of these agents are achieved by inhibiting the vasoconstrictive effect of angiotensin II at the 
efferent arteriole in the glomerulus. RAAS blockade at the glomerular structure of the nephron  
reduces glomerular capillary pressure, which is associated with reduced proteinuria, an important 
surrogate outcome for kidney function. As a result of the reduced filtration fraction associated with 
this hemodynamic change, an increase in the baseline serum creatinine concentration prior to drug 
initiation of 30% is generally determined acceptable. However, this increased in the serum creatinine 
has been associated with an increased risk of adverse outcomes long term. Increases in creatinine 
beyond this are suggestive of atherosclerotic kidney artery stenosis and should be further evaluated.

	23.	 What	is	the	association	between	proton	pump	inhibitors	(PPIs)	and	acute	interstitial	nephritis	
(AIN)?
The PPIs (i.e., omeprazole and lansoprazole) are fast becoming one of the most common causes of 
drug-induced AIN. The first documented case was in 1992. Since then, numerous case series with  
biopsy-proven disease have been published. The interaction appears to be a class effect because all 
PPIs have been documented to cause AIN. The onset of disease is idiosyncratic in that the development 
of symptoms has ranged from 1 week to 18 months after drug initiation. PPI-induced AIN generally 
does not manifest as the typical hypersensitivity reaction. The PPI should be withdrawn upon  
suspicion of this diagnosis. However, although most patients do recover kidney function, many are  
left with some level of CKD.

	24.	 What	are	the	dosing	recommendations	and	indications	for	use	of	bisphosphonates	in	states		
of	kidney	injury?
In general, most of the data for the use of bisphosphonates in patients with varying degrees of AKI 
have come from trials looking at treatment of hypercalcemia associated with multiple myeloma and 
other malignancies. Metabolic changes in bone morphology associated with CKD complicate the  
definition of osteoporosis and thus the validity of the indication for these therapies in this population 
(Table 25.4).

Table 25.4. Dosing Recommendations for Bisphosphonates in Kidney Injury

HYPERCALCEMIA 
IN ACUTE  
KIDNEY INJURY

CHRONIC  
KIDNEY DISEASE 
STAGES 3–5 HEMODIALYSIS

Pamidronate (Avedia) OK Avoid—associated 
with development of 
focal segmental  
glomerulosclerosis

OK—for 1 dose of 
30 mg if failing 
other therapies

Alendronate (Fosamax) — Avoid in glomerular 
filtration rate ,30–35

Avoid

Ibandronate (Boniva) OK Avoid
Risedronate (Actonel) — Avoid

Zoledronic acid (Zometa) Use with caution Avoid Avoid
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	25.	 What	are	the	dosing	recommendations	for	enoxaparin	and	other	low-molecular-weight	heparin		
in	CKD?
Enoxaparin dose should be adjusted for the treatment of the most common thrombotic disorders in 
patient with CKD. For patients with stable estimated GFR less than 30 mL/min, the dose should be 
adjusted to 1 mg/kg per day and Xa activities should be monitored twice a week initially, then 
weekly after 2 weeks of treatment. The heparin level should be drawn 4 hours after the dose and 
the dose should be adjusted to heparin level of 0.7 to 1.1. Unfractionated heparin should be con-
sidered the alternative of choice for patients with unstable kidney function or undergoing dialysis 
(Table 25.5).

	26.	 Discuss	the	dosing	of	antigout	drugs	in	adults	with	CKD.
Gout is a common inflammatory arthritis disorder in patients with CKD. Although NSAIDs are the 
drugs of choice for the treatment of acute attack in patients with normal kidney function, NSAIDs 
should be avoided or used with caution in patients with CKD. Corticosteroids orally, intravenously, 

Table 25.5.  Dosage Recommendations for Anticoagulations in Chronic Kidney 
Disease

DRUGS NORMAL DOSAGE CKD STAGE 3-5 HD

Alteplase 60 mg over 1 h, then 20 
mg/h for 2 h

100% 100%

Anistreplase 30 U over 2–5 min 100% 100%

Apixaban 5 mg po bid 100% 50%

Aspirin 81–325 mg/day 100% 100%

Clopidogrel 75 mg/day 100% 100%

Dabigatran 150 mg po bid 100% AVOID

Dalteparin 100 U/kg 100% Avoid
Check anti–factor  
Xa activity 4 h after 
second dose in patients 
with kidney dysfunction

Dipyridamole 50 mg tid 100% 100%

Enoxaparin 1 mg/kg q12h 100% 50%

Fondaparinux 2.5–10 mg Subq 100% Avoid

Heparin 75 U/kg load then 15 U/kg/h 100% 100%

Iloprost 0.5–2.0 ng/kg/min for 5–12 h 100% 100%

Prasugrel 10 mg 100% 100%

Rivaroxaban 20 mg/day 50%–75% Avoid

Streptokinase 250,000-U load, then  
100,000 U/h

100% 100%

Sulfinpyrazone 200 mg bid 100% 100%

Ticlopidine 250 mg bid 100% 100%

Tinzaparin 175 U/kg 100% Avoid

Tranexamic acid 25 mg/kg tid–qid 50% 25%

Urokinase 4,400-U/kg load, then  
4,400 U/kg qh

100% 100%

Warfarin 5 mg per day then adjust  
per INR

100% 50%–100%

CKD, Chronic kidney disease; HD, hemodialysis; INR, international normalized ratio; U, units.
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intra-articularly, or indirectly via adrenocorticotropic hormone can be given safely in this setting. 
Colchicine also can be used for the treatment of gout flare-up; however, the dose should be  
adjusted to 0.5 mg orally 2 to 3 times per day for patients with eGFR between 10 and 50 mL/min.  
Intravenous colchicines is contraindicated in CKD because of the associated risk for multiorgan 
failure. Recombinant urate oxidase (rasburicase) can be used in patients with hyperuricemia and 
have failed other standard oral antihyperuricemic drug therapy. No dosage adjustment is required 
in this setting (Table 25.6).

Table 25.6.  Dosage Recommendations for Antigout Drugs in Chronic Kidney 
Disease

NORMAL KIDNEY  
FUNCTION CKD STAGES 3–5 HEMODIALYSIS

Allopurinol 300–400 mg 25%–50% 25%

Colchicine 1 mg, then 0.5 mg q8h 25% Avoid

Corticosteroids 40 mg 100% 100%

Febuxostat 40–80 mg/day 100% NA

Rasburicase 0.15–0.2 mg/kg 100% 100%

CKD, Chronic kidney disease; NA, not applicable.

 1. Kidney disease alters pharmacokinetic and pharmacodynamic of most commonly used drugs.
 2. Pharmacologic agents that could cause hyperkalemia in patients with CKD and undergoing dialysis 

should be used with caution.
 3. Consider a loading dose of antibiotic in the treatment of serious infection and adjust dosage  

according to kidney function to avoid toxicities.
 4. Drug-induced kidney injury should be differentiated from other form of kidney impairment.

KEY POINTS
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	 1.	 What	are	the	diagnostic	criteria	for	nephrotic	syndrome?
Nephrotic syndrome is a syndrome that results from severe proteinuria. Heavy glomerular protein
losses ($3.5 g in an adult or .40 mg/m2 per hour in a child) lead to the other three criteria for
nephrotic syndrome: hypoalbuminemia, hyperlipidemia, and edema. From a practical standpoint,
measuring a urine total protein-to-creatinine ratio is preferable to collecting a 24-hour urine for
protein. A ratio of $3.5 correlates with nephrotic-range proteinuria.

	 2.	 What	is	minimal	change	disease	(MCD;	minimal	change	nephrotic	syndrome)?
MCD is a disorder of glomeruli that leads to heavy proteinuria. Kidney biopsy shows normal glomeruli
by light microscopy but shows effacement of the podocyte foot processes on electron microscopy.
Immunofluorescent microscopy typically is negative, although some patients may show staining for
immunoglobulin M (IgM) in the mesangial regions of the glomeruli. Technically, a patient cannot be
said to have MCD with certainty without a kidney biopsy. However, so many young children with
nephrotic syndrome have MCD that kidney biopsies are performed only in children with atypical
findings or after failure of a trial of glucocorticoids. Older adolescents and adults are diagnosed with
MCD after a kidney biopsy is performed.

	 3.	 How	likely	is	MCD	to	be	the	cause	of	nephrotic	syndrome	in	any	individual?
MCD is the cause of nephrotic syndrome in approximately 90% of children younger than age 6, in
approximately 65% of older children, and in approximately 20% to 30% of adolescents. In adults with
primary glomerular diseases, only 10% to 25% of nephrotic syndrome results from MCD, which puts
it third after membranous nephropathy and focal, segmental glomerulosclerosis.

	 4.	 What	causes	MCD?
MCD is an immune-mediated disease, thought to be due to a circulating factor capable of inducing
proteinuria. Presumably the circulating factor is secreted by lymphoid cells and functions as a
vascular permeability factor and directly affects podocyte function. Although most cases are
idiopathic, MCD, particularly in adults, may be associated with neoplastic disease such as lymphoma,
toxic or allergic reactions to drugs, certain infections, allergies, or other autoimmune disorders.

	 5.	 How	common	is	MCD?
The prevalence of MCD in children is approximately 16 per 100,000, but it is much less prevalent in
adults.

	 6.	 What	is	the	typical	clinical	presentation	of	MCD?
Patients with MCD typically present with mild to severe edema. Because the onset with periorbital
edema commonly follows an upper respiratory infection in young children, nephrotic syndrome may
sometimes be confused with an allergic reaction until a more thorough evaluation is performed. In the
youngest children, there is a 2:1 male to female prevalence, but by adolescence and beyond males
and females are equally affected. Other symptoms can include abdominal pain, diarrhea, poor
appetite, and decreased urine output. Rarely, a patient may present with sepsis.

	 7.	 How	is	MCD	diagnosed?
MCD presents with nephrotic syndrome. However, the child who presents with typical features (see
question 1) of nephrotic syndrome is presumed to have MCD and does not undergo a kidney biopsy
unless there are unusual factors such as resistance to prednisone therapy, hypertension, decreased
kidney function, or hypocomplementemia.

	 8.	 What	is	the	standard	initial	therapy	for	MCD	in	children?
The cornerstone of therapy of typical nephrotic syndrome in young children is high-dose glucocorticoids.
Children treated with a longer initial course of prednisone may be less likely to experience frequent relapses
than those children treated with a more abbreviated course of steroid therapy. Children older than
4 years of age are treated with 60 mg/m2 daily given early in the morning for 6 weeks followed by
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40 mg/m2 every other morning for an additional 6 weeks. Children younger than age 4 receive the same
initial 6-week course of daily prednisone but then should receive a slower taper of 60 mg/m2 every other
morning for 4 weeks, tapering further by 10 mg/m2 every 4 weeks for an additional 20 weeks.
Approximately 95% of young children will experience a complete remission of the nephrotic syndrome
within 4 weeks; 75% will respond within 2 weeks.

	 9.	 What	is	the	standard	initial	therapy	for	MCD	in	adults?
Prednisone is also the standard initial therapy for adults with MCD. Adults with MCD tend to require a
longer course of prednisone before remission is attained. The optimal initial prednisone regimen
varies somewhat among nephrologists, but typically a single morning dose of 1 mg/kg per day,
maximum of 80 mg, is continued for a minimum of 8 weeks. For patients not in remission at 8 weeks,
daily prednisone may be continued for another 2 months until remission is attained. A gradual taper is
then recommended on an every-other-day schedule until the patient is tapered off over many months.
The slow taper is recommended to sustain the remission and to reduce the likelihood of problems
with adrenal insufficiency.

	10.	 How	do	you	define	remission	in	nephrotic	syndrome?
Typically, patients with nephrotic syndrome are taught to monitor their urine protein at home using
dipsticks. A complete remission is defined in children as a urine dipstick of trace to negative or a
urine protein/creatinine ratio of ,0.2. In adults, a complete remission is defined as a reduction of
proteinuria to 300 mg of urinary protein in a 24-hour period; however, a urine protein-to-creatinine
ratio of ,0.2 is also an appropriate benchmark for adults. A partial remission is defined as a $50%
reduction in 24-hour protein or a 24-hour urine protein of ,3.5 g with a normal serum albumin.
Patients with MCD almost always experience a complete, as opposed to a partial, remission.
Normalization of serum albumin quickly follows the reduction in proteinuria, but hyperlipidemia may
take several months to resolve.

	11.	 What	other	supportive	therapies	are	useful	for	MCD?
A no-added-salt diet is always recommended for patients with MCD—it will reduce edema and the
tendency to develop hypertension. In addition, angiotensin-converting enzyme (ACE) inhibitors and/or
angiotensin receptor blockers (ARBs) are useful in ameliorating proteinuria and are the first choice for
the treatment of hypertension in these patients. Oral diuretics may be used with caution in patients
with moderate edema. For those patients with severe edema accompanied by ascites, scrotal or labial
edema, and/or pleural effusions, intravenous infusions of 25% salt-poor albumin may be helpful. A
dose of 1 g/kg, up to a maximum of 50 g, is infused over 2 to 4 hours once or twice a day, followed
by intravenous furosemide at a dose of 1 mg/kg. Caution must be observed in the patient with oliguria
because that patient could have acute kidney injury, making him or her unresponsive to the diuretic
and susceptible to mobilization of peripheral edema, leading to the risk of pulmonary edema with
respiratory compromise.

	12.	 What	is	the	typical	course	for	a	patient	with	MCD?
Most children (60% to 75%) with MCD experience relapses of the disease, and sometimes they are
frequent—three or more relapses per year. Relapses tend to be precipitated by infections, particularly
upper respiratory infections, or allergies. Approximately 50% to 75% of adults who respond to steroids
will have a relapse, and 10% to 25% become frequent relapsers. A minority of patients develop steroid
dependence of variable severity where the patient cannot be tapered off the prednisone. The steroid
dependence can vary from being maintained in remission on low-dose, alternate-day steroids to
requiring high-dose, daily steroids to maintain a remission.

	13.	 How	are	relapses	of	MCD	treated?
Relapses of MCD are treated with the same initial doses of corticosteroids as the initial episode of
nephrotic syndrome but for a more abbreviated course, at least in children. Children are treated with
daily steroids until the urine is negative for protein for 3 days. The prednisone dose is then lowered to
40 mg/m2 every other morning for 4 weeks with either a rapid taper over 2 months or a slow taper
over 6 to 12 months. The rapidity of the taper is usually based on the patient’s prior response to
tapering. Adults who relapse are also re-treated with a regimen similar to the initial corticosteroid
protocol outlined previously.

	14.	 If	the	patient	responds	to	steroids	but	develops	steroid	toxicity	or	steroid	dependence,	what	other
treatment	options	are	there?
Several treatment options are available for the child or adult with steroid toxicity or steroid dependence,
each with its own unique risk-benefit profile. The goal of therapy for these patients is to avoid the
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complications of nephrotic syndrome (see question 16) by maintaining remission while minimizing
the toxicities of therapy. The first therapy used for these patients is alternate-day prednisone therapy,
tapered slowly to the lowest dose that will maintain a remission. If that fails, other options include
12-week courses of oral cyclophosphamide (or chlorambucil), longer courses (1 to 2 years) of
cyclosporine, mycophenolate mofetil, azathioprine, tacrolimus, or levamisole. These medications
should only be prescribed by physicians who are familiar with their toxicities.

	15.	 If	the	patient	is	steroid	resistant,	what	are	the	treatment	options?
The patient who is steroid resistant should have a kidney biopsy if one has not yet been performed.
The biopsy may show focal, segmental glomerulosclerosis; MCD; or membranous nephropathy.
Treatment options include a course of high-dose intravenous methylprednisolone, oral cyclosporine, or
tacrolimus. Mycophenolate mofetil may also be tried. Some newer reports have shown some promise
with rituximab, a CD20 monoclonal antibody, but those reports are still preliminary.

	16.	 What	are	the	complications	of	MCD?
The complications of MCD are those of nephrotic syndrome or are related to the toxicities of the
treatments used. For the patient with frequent relapses, there is a delicate trade-off between the
complications of the disease and the side effects of the medications. MCD may have life-threatening
complications. These include the risks of overwhelming infection, thromboembolic phenomenon, and
the cardiovascular complications related to hyperlipidemia. The cause of the increased risk of
infection is multifactorial but is in part related to loss of opsonizing factors in the urine. Opsonizing
factors are particularly important in defense against encapsulated bacteria such as Pneumococcus
and Haemophilus influenzae. Another risk factor for infection in the patient with MCD is the frequent
occurrence of hypogammaglobulinemia in these patients, especially during episodes of relapse.
There is an increased risk of serious bacterial infections when the plasma IgG levels fall to less than
400 mg/dL and a very increased risk when levels fall to less than 200 mg/dL. In a patient with low
IgG levels and sepsis, or in those patients with chronic hypogammaglobulinemia, intravenous gamma
globulin may be used.

Thromboembolism may be seen in patients with MCD, more commonly in the adult with MCD
than in the child with MCD. Children are more prone to sagittal sinus thrombosis, pulmonary artery
thrombosis, or inferior vena caval thrombosis, whereas adults with MCD are more prone to deep vein
or renal vein thrombosis. The hypercoagulable state in MCD results from several factors, including
increased clotting factor synthesis (fibrinogen, II, V, VII, IX, X, XIII), urinary losses of anticoagulants
(antithrombin III), platelet abnormalities (thrombocytosis, increased aggregability), hyperviscosity, and
hyperlipidemia.

Patients in a severe relapse have an increased risk of developing acute kidney injury secondary
to decreased kidney perfusion and edema of the kidney interstitium. Acute kidney injury is usually
reversible in this setting. Intravenous albumin therapy should not be given during an episode of acute
kidney injury because of the risk of pulmonary edema.

Chronic hyperlipidemia in the patient with MCD can lead to the accelerated development of
arteriosclerosis.

	17.	 What	steps	can	be	taken	to	reduce	the	complications	of	MCD?
The complications of nephrotic syndrome can be avoided by keeping the patient in remission whenever
possible. The risk of some of the infectious complications can be avoided by making sure that patients
receive vaccines against all infectious agents that can cause life-threatening infections. All adults and
children older than 2 years of age should receive the 23-valent pneumococcal vaccine. All patients with
MCD should receive yearly influenza vaccines. Children should receive their childhood vaccines with
deferral of live virus vaccines (measles, mumps, and rubella; varicella) until they are in remission off of
immunosuppressive medications. The administration of live virus vaccine may be associated with a
relapse, but that risk is minimal when compared with the risk of vaccine-preventable disease. Adults and
children with MCD should also have the status of their immunity against varicella determined by checking
a varicella-zoster IgG titer. Varicella infections in individuals who are immune compromised, including
those individuals taking prednisone, may be fatal. If the patient does not have a protective titer against
varicella, vaccine should be given if possible. If the patient cannot receive vaccine because of continued
immunosuppression, varicella-zoster immune globulin should be administered as soon as possible after
exposure to an individual with chicken pox. If a patient who is immunosuppressed develops chicken pox
or zoster, he or she should receive immediate treatment with intravenous acyclovir.

A reduction in thromboembolic complications can be attempted by being vigilant for situations in
which thromboembolism is more of a risk, particularly protecting the intravascular volume of a
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critically ill patient in relapse. Central venous catheters should be avoided whenever possible in this 
patient population. If a patient experiences a thromboembolic event, treatment should include heparin 
or low-molecular-weight heparin, followed by warfarin for 6 months. Prophylactic anticoagulation 
therapy should be administered for future relapses in these patients.

Chronic hyperlipidemia, if present, warrants therapy in adults; there are little data on its use in 
children at this point and should only be considered in children who are chronically hyperlipidemic. 
Hypertension is best treated initially with an ACE inhibitor and/or an ARB, which should help reduce 
the risk of cardiovascular complications later.

	18.	 What	is	the	prognosis	for	a	patient	with	MCD?
The vast majority of children with MCD have a favorable prognosis. In children, a prompt remission 
within 7 to 9 days of steroid therapy, the absence of microhematuria, and age greater than 4 years at 
presentation predict fewer relapses. By 10 years from diagnosis, only 16% of children with MCD are 
still experiencing relapses. Many children will “outgrow” their disease by or during adolescence, 
although some continue to experience relapses into adulthood. The long-term cardiovascular risk in 
children with MCD who have experienced long periods of steroid therapy and periods of hyperlipidemia 
and hypertension is largely unknown. In adults with MCD the most important prognostic factor is the 
patient’s initial response to steroid therapy and whether he or she can experience extended periods of 
time off steroids, which carry a more serious toxicity profile in adults.

 1. Minimal change disease (MCD) is the cause of nephrotic syndrome in approximately 90% of children 
younger than age 6, in approximately 65% of older children, and in approximately 20% to 30% of 
adolescents. In adults, only approximately 10% to 25% of nephrotic syndrome results from MCD, but 
it represents the third most common cause of nephrotic syndrome in adults after membranous 
nephropathy and focal, segmental glomerulosclerosis.

 2. MCD is an immune-mediated disease, thought to be mediated by a circulating factor capable of 
inducing proteinuria. Presumably the circulating factor is secreted by lymphoid cells and functions 
as a vascular permeability factor that directly affects the function of the podocytes.

 3. Patients with MCD typically present with mild to severe edema. Because the onset with periorbital 
edema commonly follows an upper respiratory infection in young children, nephrotic syndrome may 
sometimes be confused with an allergic reaction until a more thorough evaluation is performed.

 4. The cornerstone of therapy of typical nephrotic syndrome in young children is high-dose 
glucocorticoids. Children treated with a longer initial course of prednisone are less likely to 
experience frequent relapses than those children treated with a more abbreviated course of steroid 
therapy. Prednisone is also the standard initial therapy for adults with MCD. Adults with MCD tend 
to require a longer course of prednisone before remission is attained.

 5. The vast majority of children with MCD have a very favorable prognosis. In children a prompt 
remission within 7 to 9 days of steroid therapy, the absence of microhematuria, and age greater 
than 4 years at presentation predict fewer relapses.

KEY POINTS
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	 1.	 What	is	focal	segmental	glomerulosclerosis?
Focal segmental glomerulosclerosis (FSGS) is a class of glomerular diseases defined by focal and
segmental patterns of scar in the kidney glomeruli. This disease spectrum includes primary, genetic,
and secondary diseases. Primary FSGS is diagnosed in patients without a known cause. There are a
number of genetic mutations that disrupt the structure and function of the glomerular podocyte and
slit diaphragm that manifest as FSGS. Secondary FSGS may arise from various kidney insults that
lead to a common end point of glomerular damage. These secondary insults include:
• Viral infection: HIV, parvovirus
• Drugs: heroin, pamidronate
• Postinflammatory conditions: autoimmune diseases
• Vascular issues: atheroembolic disease, hypertension, sickle cell disease
• Reflux nephropathy

The sclerosing type of C1q nephropathy may be grouped with primary or secondary FSGS with
the distinguishing factor of C1q in the glomeruli revealed on kidney biopsy immunofluorescence
staining and electron dense deposits with electron microscopy. The etiology of C1q nephropathy is
unknown. Obesity-related glomerulopathy is also often considered a secondary FSGS that manifests
with glomerular hypertrophy in addition to the sclerosis of FSGS. The common factor in these conditions
is damage to the glomerular structure.

	 2.	 How	common	is	FSGS?
FSGS is a rare condition with an estimated incidence of 1.8/100,000 per year. The lifetime risk is esti-
mated to be more than four times higher for African Americans compared with other races. FSGS is the
underlying cause of approximately 4% of patients with end-stage kidney disease (ESKD) in the United
States and up to 10.8% of those younger than 24 years. In adults, FSGS is the fourth most common
cause of ESKD, following diabetes, hypertension, and glomerulonephritis not otherwise specified.
Among children, FSGS is the second leading cause of ESKD, following congenital kidney anomalies.

	 3.	 What	is	the	clinical	presentation	of	FSGS?
FSGS may present as nephrotic syndrome with edema, hypoalbuminemia, and hypercholesterolemia,
or it may present in a patient with isolated proteinuria. Microscopic hematuria is found in approxi-
mately half of patients at diagnosis. However, gross hematuria is rare. Children are more likely to
present with nephrotic syndrome, but the entire phenotypic spectrum of FSGS occurs in both children
and adults. Kidney function as assessed by glomerular filtration rate may be normal but is impaired in
up to 60% at presentation. ESKD at presentation is rare.

Clinical clues may help distinguish whether a patient has primary or secondary FSGS. Patients
with primary FSGS more often have low serum albumin levels (,3 g/dL) and edema, whereas patients
with secondary FSGS more often present with albumin levels .3.5 g/dL, without edema, and with
some historical evidence of a predisposing primary condition or exposure.

	 4.	 What	is	the	cause	of	primary	FSGS?
There are likely several causes of primary FSGS. Research has focused on possible immune defects,
such as T-cell dysregulation, and the presence of a circulating permeability factor, such as cardiotrophin-
like cytokine 1, that induces changes in the glomerular filtration barrier with resultant proteinuria.
Genetic and gene expression studies have identified structural abnormalities in the podocyte
cytoskeleton and slit diaphragms, as well as signaling and inflammatory pathways that contribute
to the cause of FSGS.

	 5.	 What	genetic	defects	lead	to	sporadic	and	familial	FSGS?
Over the past decade, much of the biology of the glomerular filtration barrier has been explained and
defects in multiple structural and functional components of this barrier have been implicated in FSGS.
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There are more than 50 genetic mutations associated with FSGS. Mutations may occur in podocyte 
structural components from genes such as NPHS2 (podocin), NPHS1 (nephrin), ACTN4 (alpha-actinin 
4), TRPC6, alpha-5, beta-4 integrins, CD2AP may present as kidney-limited structural anomalies.  
Mutations in WT1, LAMB2, COQ2, and LMX1B have been identified as causative of syndromic conditions 
in which FSGS in only one of the multiple anomaly manifestations within an individual. Autosomal 
dominant inheritance patterns are documented in familial FSGS with ACTN4, TRPC6, and INF2, which 
were first implicated in adult-onset disease. Familial FSGS of childhood with NPHS1, NPHS2, and 
PLCE1 mutations are transmitted in an autosomal recessive pattern. Autosomal recessive and domi-
nant inheritance patterns have been documented with child- and adult-onset FSGS (Table 27.1). 

The prevalence of specific gene mutations in patients with FSGS depends on the ancestry of the 
cohort being studied. For example, NPHS2 mutations are found in 26% of children from families of 
Eastern European and Middle Eastern descent with familial FSGS and 19% of sporadic cases in that 
population. These mutations are rare causes of FSGS in Asian, African-American, and European- 
American populations of the United States. Apolipoprotein L1 (APOL1) has alleles that increase the 
risk of FSGS. These risk alleles are found in African Americans of west African descent. APOL1  
polymorphisms convey protection against Trypanosoma brucei. 

Table 27.1. �List�of�Genes�Implicated�in�Familial�Focal�Segmental�
Glomerulosclerosis

GENE PHENOTYPE

Autosomal Recessive
NPHS1 (Nephrin) FSGS; Congenital Nephrotic Syndrome

NPHS2 (Podocin) FSGS; Congenital Nephrotic Syndrome

NPHS3 (PLCE1) FSGS; Diffuse Mesangial Sclerosis

LAMB2 FSGS; Pierson Syndrome

MYH9 FSGS; Sensorineural Deafness; Macrothrombocytopenia; Epstein, Fechtner & 
Sebastian Syndromes

MYOE1 FSGS

ADCK4 FSGS

SGPL1 FSGS; Adrenal Insufficiency; Ichthyosis; Acanthosis; Immunodeficiency

COQ6 FSGS; Diffuse Mesangial Sclerosis; Sensorineural Deafness; Neurologic ab-
normalities

WDR73 FSGS; Galloway-Mowat Syndrome

NUP93 FSGS

NUP205 FSGS

Autosomal Dominant
ACTN4 FSGS

ANLN FSGS

ARHGAP24 FSGS

CD2AP FSGS

TRPC6 FSGS

INF2 FSGS; Charcot-Marie-Tooth Disease

LMX1B FSGS; Nail-Patella Syndrome

PAX2 FSGS; Papillorenal Syndrome

WT1 FSGS; Denys–Drash, WAGR & Frasier Syndrome

FSGS, Focal segmental glomerulosclerosis.
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Genotype/phenotype correlations are still being investigated and have not yet reached the point
of guiding clinical care with a few notable exceptions:
• Genetic testing of patients with FSGS may be considered during the assessment of infantile FSGS
• FSGS that is part of a multiple congenital anomaly syndrome
• Familial FSGS, in regions with a high prevalence of consanguinity
• In some cases, prior to kidney transplantation to assess the risk of FSGS recurrence

	 6.	 How	is	FSGS	diagnosed?
A kidney biopsy is required to establish the diagnosis of FSGS. Patients presenting with sustained
proteinuria, whether nephrotic (.3 g/day) or subnephrotic, will typically be evaluated for secondary
forms of glomerular disease, including screens for systemic illnesses that may have a kidney compo-
nent. Hepatitis B and C and HIV should be excluded by serology. Antinuclear antibody level should be
obtained to screen for systemic lupus erythematosus (SLE). Complement C3 levels may be low in
membranoproliferative glomerulonephritis, SLE, and postinfectious glomerulonephritis. In appropriate-
age adults, urine and protein electrophoresis and/or serum free light-chain measurements should be
obtained to evaluate for paraproteinemias.

Unfortunately, urine or blood biomarkers have not yet been developed and validated to support
the diagnosis or prognosis of FSGS in clinical contexts. Biomarkers are being evaluated, but they
must survive validation and independent replication, steps that have repeatedly flummoxed previous
promising candidates.

	 7.	 What	are	the	pathologic	findings	in	FSGS?
As noted by its descriptive name, FSGS initially is characterized by sclerotic lesions restricted to a
segment of a subset (focal) of the glomeruli. Electron microscopy may confirm these changes and
show widespread foot process effacement. There are some pathology clues that suggest the FSGS is
secondary rather than primary:
• Less diffuse foot process effacement
• Foot process width may be normal
• Glomeruli may be enlarged (glomerulomegaly)

However, pathology alone cannot distinguish between the three categories of FSGS: primary,
genetic, or secondary. There are a few exceptions:
• Immunoglobulin A (IgA) nephropathy as a secondary cause of FSGS has IgA deposits identifiable by

immunofluorescence
• Obesity-related glomerulopathy and FSGS secondary to cyanotic congenital heart disease often

have enlarged glomeruli in addition to the typical glomerular fibrosis
As the disease progresses, involvement of more glomeruli and sclerosis of entire glomeruli may

occur. Interstitial fibrosis with tubular atrophy is a frequent finding. No significant immunoglobulin
deposits are found in cases of primary FSGS, and their presence suggests an alternative etiology or,
at low amounts, trapping of immunoglobulin that is not pathogenic.

	 8.	 Does	histopathology	predict	prognosis?
FSGS is diagnosed through findings on the kidney biopsy. The glomerular scarring pattern has been
classified as five variants of FSGS based solely on histologic description:
• Collapsing
• Tip
• Cellular
• Perihilar
• FSGS not otherwise specified.

These variants are defined by the location and type of glomerular scars. Unfortunately, FSGS
variant assignment can be inconsistent between pathologists, and patient response to therapy is
variable within groups of patients defined by FSGS pathology variants. Collapsing FSGS appears to
represent a particularly virulent form of FSGS, and overall progression to ESKD is more rapid when
compared with groups of FSGS patients with other variants. Increased tubular atrophy and interstitial
scarring portend worse prognosis.

	 9.	 What	is	the	clinical	course	of	FSGS?
Primary FSGS has a variable course. Clinical factors such as the degree of proteinuria at disease
presentation, the amount of interstitial fibrosis and tubular atrophy noted on kidney biopsy, proteinuria
reduction in response to therapy, and collapsing histologic variant are considered prognostic factors
for kidney survival. Spontaneous remission is reported in less than 5% of patients with primary
FSGS. Therapy may result in complete proteinuria remission (normal urinary protein excretion), partial
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remission, or resistance to therapy. Patients with complete remission have an expected 90% 10-year
kidney survival. For patients with proteinuria in the nephrotic range that is resistant to treatment, the
10-year kidney survival is approximately 50%. Patients with partial proteinuria remission have inter-
mediate 10-year kidney survival. Patients with high-risk APOL1 genotype have a poorer kidney survival
relative to low-risk genotype. As in many kidney diseases, patients who present with an elevated
serum creatinine have a poorer prognosis.

	10.	 What	therapies	are	indicated	for	primary	FSGS?
Angiotensin-converting enzyme (ACE) inhibitor/angiotensin receptor blocker (ARB) therapy has been
shown to be beneficial in reducing proteinuria and slowing the decline in kidney function in proteinuric
kidney diseases. There is only one randomized controlled trial of ACE therapy in adults with FSGS
and one in children with steroid-resistant nephrotic syndrome. These studies document a reduction in
urinary protein excretion by approximately 30%. Long-term data to assess a benefit in preventing a
decline in kidney function are not available. Regardless, ACE inhibitor/ARB therapy is considered
standard care for proteinuria control and hypertension management.

Therapy targeted at a presumed immunologic basis of FSGS has been used clinically and in
controlled and uncontrolled trials. Corticosteroids induce remission in 20% to 30% of patients.
Treatment may begin with daily dosing and then progress to alternate-day therapy for primary
FSGS. The duration of treatment may affect response to therapy with a typical initial course up to
3 months in children and 6 months in adults. A summary of common therapies is presented in
the Fig. 27.1.

Cyclosporine, tacrolimus, and mycophenolate mofetil have been reported to be effective in case
reports. In a few small, randomized trials, calcineurin inhibitors, cyclosporine and tacrolimus, show
combined complete and partial remission rates of 50% to 60% in primary FSGS. Mycophenolate
appears to be less effective, with a combined complete and partial remission rate of approximately
33%. However, mycophenolate has less kidney toxicity than calcineurin inhibitors.

There are several case reports and small case series of other therapeutic agents. Rituximab, a
CD20 monoclonal antibody, adalimumab, a tumor necrosis factor (TNF) inhibitor, adrenocorticotropin
hormone with potential action through corticosteroid-associated avenues, as well as melanocortin
receptor agonism, and perfenidone as an antifibrotic agent have all been used in the treatment
of FSGS.

Plasmapheresis can be used to treat FSGS recurrence after kidney transplant. The mechanism of
action is postulated to be removal of circulating factors that increase glomerular permeability.

Therapy for dyslipidemia is also a component of standard therapy in patients with nephrotic
syndrome, with a goal to improve nephrotic syndrome–associated dyslipidemia.

Diuretics are indicated for control of edema in patients with nephrotic syndrome. Intravenous
albumin infusion with diuretic therapy may be beneficial to control severe edema in select patients
with nephrotic syndrome, but it has not been shown to have significant additive benefit in controlled
trials and carries with it the risk of pulmonary edema and hypertensive crisis.

	11.	 What	are	the	therapeutic	options	for	secondary	forms	of	FSGS?
Treatment of the secondary forms of FSGS is directed at the underlying disease. Resolution of FSGS
manifestations can occur with weight loss in obesity-related glomerulopathy and following heart
transplantation in cyanotic heart disease–associated FSGS. Mitochondrial dysfunction in animal mod-
els of obesity-related glomerulopathy is modifiable by mitochondrial-targeted antioxidants. Human
investigations are needed to assess whether these findings can be translated to humans safely and
effectively. In addition, therapies such as ACE inhibitors, ARBs, and lipid-lowering agents may be
prescribed with a goal of reducing proteinuria, controlling blood pressure, and minimizing further
cardiovascular or kidney insults.

	12.	 Should	those	with	FSGS	be	on	a	special	diet?
Low-protein diets may reduce proteinuria and slow the progression of proteinuric kidney disease. This
was studied and failed in multiple, large, randomized controlled trials. If this is going to be attempted,
special concern should be given to children, especially if they have profound proteinuria, to avoid
protein malnutrition. All patients should be on low-salt diets to help with hypertension and edema and
maximize the effectiveness of angiotensin converting enzyme inhibitor (ACEi) and angiotensin receptor
blocker (ARB).

	13.	 What	is	the	role	of	the	primary	care	physician	in	a	patient	with	FSGS?
Primary care physicians have an important role monitoring and maintaining therapy for hypertension,
hyperlipidemia, and edema. They also should be aware of and monitor for other complications of
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FSGS, including peritonitis, thromboembolism, and side effects of immunosuppressive therapy. Main-
tenance of appropriate immunizations is important, especially 23-valent pneumococcal and influenza. 
Before using live virus vaccines, doctors should consult the national vaccination guidelines for special 
populations.

	14.	 Are	there	special	issues	in	patients	with	FSGS	with	respect	to	kidney	transplantation?
Primary FSGS recurs in 10% of initial kidney allografts. Proteinuria may develop within minutes of  
allograft implantation. In this setting, circulating factors in the recipient cause acute glomerular  
capillary permeability, podocyte foot process effacement, and subsequent glomerulosclerosis. If  
uncontrolled, recurrent FSGS reduces allograft survival. Patients with a history of rapid FSGS  
recurrence have a very high risk for FSGS recurrence in subsequent kidney transplants.

Patients with FSGS may receive an allograft from either deceased donors or living related  
donors. Concerns about using that living related donors may have increased risk of recurrence have 
not born out.

FSGS
All patients get 
RAAS blockade

+/– diuretics +/– statin

Secondary FSGS 

Treat underlying
disease

Primary FSGS

Full dose corticosteroid Rx
Prednisone 1 mg/kg/day for 

4–8 weeks
Taper over 3 months

Calcineurin
Inhibitor

Remission Steroid resistance

Steroid dependent

Consider adding CNI and taper
corticosteroids to a minimum or

discontinue  

Stop corticosteroids
surveillance to detect

possible relapse

Continue CNI 
for 1–2 years

Remission No response

Consider
alternative Rx

Steroids contraindicated

Figure 27.1.  Treatment algorithm for primary focal segmental glomerulosclerosis (FSGS). CNI, Calcineurin inhibitor; 
RAAS, renin angiotensin aldosterone system.
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 1. FSGS represents a spectrum of primary, genetic, and secondary diseases that manifest with  
characteristic glomerular scaring and proteinuria. 

 2. FSGS is more common in African Americans, mostly due to a high-risk APOL1 genotype in individuals 
of African ancestry.

 3. Proteinuria is the common clinical laboratory manifestation of FSGS and may be accompanied by 
edema, reduced glomerular filtration rate, and hypertension.

 4. Mutations in multiple genes that direct the structure and function of the podocyte and slit  
diaphragm have been implicated in familial and sporadic FSGS.

 5. Primary FSGS recurs in 10% of initial kidney allografts and increases the risk for allograft failure.

KEY POINTS
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	 1.	 What	is	membranous	nephropathy	(MN)?
MN is a common immune-mediated glomerular disease that remains the leading cause of nephrotic 
syndrome in white adults. It is a histologic diagnosis based on the presence of immunoglobulins  
(Ig; usually IgG and C3) deposition along the capillary walls on immunofluorescence microscopy and 
subepithelial deposits along the glomerular basement membrane (GBM) on electron microscopy (EM). 
MN can be either a primary or secondary disease. Secondary MN is caused by:
• Autoimmune diseases

• Systemic lupus erythematosus
• Autoimmune thyroiditis
• Rheumatoid arthritis
• Sjögren syndrome

• Infections
• Hepatitis B
• Hepatitis C
• Malaria
• Schistosomiasis
• Tuberculosis
• Leprosy

• Drugs
• Penicillamine
• Gold
• Nonsteroidal antiinflammatory drugs
• Captopril

• Malignancies
• Prostate cancer
• Lung cancer
• Colon cancer
• Stomach cancer
• Breast cancer
• Cervical cancer
• Lymphoma
• Leukemia

	 2.	 What	are	the	kidney	biopsy	findings	of	MN?
The diagnosis of MN is based on the following findings:
• Thickened GBM, often showing pinholes or spikes on silver and periodic acid–Schiff stains, and  

occasionally subepithelial fuchsinophilic deposits on trichrome stains
• Immunofluorescence microscopy showing granular Ig (usually IgG and C3) along the capillary 

walls
• Subepithelial deposits on EM.

However, in the early stages of the disease, light microscopy may be completely normal. Based 
on the location of the deposits on EM, MN has been divided into four stages:
• Stage I, sparse small deposits without thickening of the GBM
• Stage II, more extensive subepithelial deposits with formation of basement membrane spikes  

between the deposits and thickening of the GBM
• Stage III, combination of stage II along with deposits completely surrounded by basement membrane 

(intramembranous deposits)
• Stage IV, incorporation of deposits in the GBM and irregular thickening of the GBM
• However, these stages have no correlation with clinical outcome.
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	 3.	 What	are	the	clinical	manifestations	of	MN?
At presentation, 60% to 70% of patients have nephrotic syndrome, with the remaining 30% to 40% of 
patients presenting with proteinuria ,3.5 g/24 hours in an otherwise asymptomatic patient. Although 
more than 90% of patients have no evidence of impaired kidney function at the time of presentation, 
hypertension at onset is found in 10% to 20% of patients. The presence of microscopic hematuria is 
common (30% to 40%), but macroscopic hematuria and red cells casts are rare and these findings 
should suggest an alternative diagnosis. Findings of physical examination may vary from mild peripheral 
edema to full-blown nephrotic syndrome, including ascites and pericardial and pleural effusions.

	 4.	 What	is	the	cause	of	primary	MN?
M-type phospholipase A2 receptor (PLA2R) on the human podocytes is the target antigen in at least 
70% of patients with primary MN, and anti-PLA2R autoantibodies have been detected in the sera of 
these patients. Thrombospondin type-1 domain containing 7A (THSD-7A) is another podocyte antigen 
that accounts for an additional 10% of patients with primary MN that are negative for anti-PLA2R 
antibody. As a rule, patients with positive anti-THSD-7A autoantibodies have negative sera for  
anti-PLA2R antibodies, although rare cases of dual positivity have been reported. Taken together, 
autoantibodies to these podocyte-specific antigens are the cause of primary MN in almost 80% of 
patients. Although these findings do not explain the cause in all cases of MN, they suggest that 
additional antibodies against podocyte proteins are likely to be identified.

	 5.	 Can	kidney	biopsy	findings	be	helpful	in	identifying	secondary	causes	of	MN?
Although it is often difficult to determine whether the MN is primary or secondary based on kidney 
pathology, certain features are helpful in identifying a primary versus secondary cause. Commercial 
tests are available that allow for staining of kidney tissue for anti-PLA2R and THSD-7A, which aids in 
identifying primary forms of MN. Features in favor of a secondary cause, in particular an autoimmune 
disease, include the following:
• Proliferative features (mesangial or endocapillary)
• Full-house pattern of Ig staining including staining for C1q on immunofluorescence microscopy
• Glomerular deposits predominantly containing Ig other than IgG4 on immunofluorescence microscopy
• Electron-dense deposits in the subendothelial location of the capillary wall and mesangium or 

along the tubular basement membrane and vessel walls
• Endothelial tubuloreticular inclusions on EM (EM showing only few superficial scattered subepithe-

lial deposits may suggest a drug-associated secondary MN)

	 6.	 What	is	the	clinical	course	of	MN?
MN is a chronic disease, with spontaneous remission and relapses clearly documented. The clinical 
course is characterized by great variability in the rate of disease progression, and the natural course 
is difficult to assess in part because of the selection criteria, geographic variability, and genetic 
characteristics of the subjects presented in different studies. Although in most patients the disease 
progresses relatively slowly, approximately 40% of patients eventually develop ESKD after focal 
segmental glomerulosclerosis and lupus nephritis.

	 7.	 What	evaluation	should	be	considered	if	there	is	rapid	loss	of	kidney	function?
When progressive loss of kidney function occurs faster than usual, patient should be evaluated for other 
causes of worsening kidney function, such as acute tubular necrosis, acute interstitial nephritis, kidney 
vein thrombosis, or urinary tract obstruction. A superimposed crescentic glomerulonephritis should also 
be considered in the differential, anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis and 
anti-GBM disease in particular. A repeat kidney biopsy may be indicated in these patients.

	 8.	 What	factors	are	associated	with	poor	outcomes	in	MN?
Several factors are associated with worse outcome in patients with MN including:
• Advanced age (.50)
• Male sex
• Elevated blood pressure
• CKD (low estimated glomerular filtration rat at presentation)
• Severity of initial proteinuria
• Persistent proteinuria

Persistent proteinuria of .4 g/24 hours is the strongest predictor of progressive kidney disease. 
Histologic changes such as tubular atrophy, interstitial fibrosis, and glomerulosclerosis have also been 
associated with poor prognosis. Elevated b2-microglobulin urinary excretion rate has been shown to 
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predict poor outcome, but accurate measurement of urinary b2-microglobulin can be challenging. 
Increasing evidence suggests that high anti-PLA2R autoantibody levels may be used in diagnosis and 
management of MN and to predict long-term outcomes.

	 9.	 Can	one	predict	who	would	progress	to	ESKD	in	patients	with	MN?
Finding useful markers that predict this group is difficult. The best model for identifying patients at 
risk was developed from the Toronto Glomerulonephritis Registry. This model takes into consideration 
the initial creatinine clearance (CrCl), the slope of the CrCl, and the lowest level of proteinuria during  
a 6-month observation period.
• Patients who present with a normal CrCl, proteinuria #4 g/24 hours, and stable kidney function 

over 6 months have an excellent long-term prognosis and are classified as low risk for progression.
• Patients with normal kidney function and whose CrCl remains unchanged during 6 months of  

observation but continue to have proteinuria .4 g but ,8 g/24 hours have a 55% probability of 
developing CKD and are classified as medium risk for progression.

• Patients with persistent proteinuria .8 g/24 hours, independent of the degree of kidney dysfunc-
tion, have a 66% to 88% probability of progression to ESKD within 10 years and are classified as 
high risk of progression.

The discovery of anti-PLA2R autoantibodies and its potential role in the pathogenesis of the 
disease, its correlation with disease activity and long-term remission is changing the approach to 
patients with MN. Therefore anti-PLA2R positivity and antibody levels should be evaluated and taken 
into account when making decisions regarding treatment.

	10.	 What	are	the	complications	of	MN?
The main complications of MN are related to presence of nephrotic syndrome including 
hypogammaglobulinemia and increased risk of infection, hypovitaminosis D due to loss of vitamin D 
binding protein, and most importantly increased risk of thromboembolic event, with an incidence as 
high as 50% in patients with severe proteinuria. An increased risk of cardiovascular events in 
particular in the first 2 years in the setting of severe nephrosis is well documented in this population.

	11.	 Is	anticoagulation	recommended	for	patients	with	MN?
Patients with severe nephrotic syndrome are at increased risk for thromboembolic complications,  
and this risk tends to be higher in patients with MN for unclear reasons. Although no consensus has 
emerged regarding whether prophylactic anticoagulation should be used, a decision analysis tool is 
now available (www.gntools.com) that helps estimate the benefit from prophylactic anticoagulation 
based on serum albumin and taking into account the risk of bleeding. Some recommend 
anticoagulation in patients with MN who are severely nephrotic (proteinuria .10 g/day and serum 
albumin ,2.5 g/day) unless there are contraindications.

	12.	 What	is	the	conservative	treatment	in	MN?
Conservative therapy for MN consists of low sodium diet (,2.3 grams/day), lowering lipids and 
controlling blood pressure (target blood pressure #125/75 mm Hg). Inhibition of the renin-
angiotensin-aldosterone system (RAAS) with angiotensin-converting enzyme (ACE) inhibitors or 
angiotensin receptor blockers (ARBs) are effective antihypertensive agents that can reduce proteinuria 
and slow progression of kidney disease in patients with nephropathy with or without diabetes, and for 
these reasons they are the preferred agents to treat hypertension in MN. However, the antiproteinuric 
effect of ACE inhibitors or ARB is modest (,30% decrease) and is more significant in patients with 
lower levels of proteinuria.

	13.	 Is	there	a	role	for	dual	RAAS	inhibition	in	MN?
Another approach to reducing proteinuria in MN is the use of dual RAAS inhibition with ACE inhibitors 
and ARBs (or addition of aliskiren [renin inhibitor]). This approach will necessitate close monitoring 
secondary to the increased risk of hyperkalemia and AKI. Symptomatic hypotension on dual RAAS 
blockade can be an insuperable barrier in patients with normal or low baseline blood pressures, and 
therefore close monitoring of blood pressure is paramount. The goal of dual blockade is to ameliorate 
glomerular sieving function, reduce proteinuria, and increase serum albumin levels with consequent 
improvement in hypercholesterolemia and other components of the nephrotic syndrome. The risk of 
adverse events in patients on dual RAAS therapy with MN is primarily derived from patients with 
cardiovascular disease and proteinuria. It should be noted that long-term outcome studies examining 
dual RAAS inhibition in MN have not been conducted, but only short-term studies looking at 
albuminuria reduction. Therefore we recommend a cautious approach when considering dual RAAS 
blockade.

http://www.gntools.com
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	14.	 Is	there	a	role	for	dietary	protein	restriction	in	MN?
Restricting dietary protein has been shown to reduce proteinuria in a variety of proteinuric kidney
diseases including MN. Thus restricting dietary protein intake to 0.8 g/kg of ideal body weight per day
of high-quality protein may be attempted in patients with refractory proteinuria. However, long-term
studies with clinical end points are lacking that compare protein restriction to control diet.

	15.	 How	effective	are	lipid-lowering	drugs	in	patients	with	MN?
Lipid abnormalities associated with proteinuria are likely important players in the high cardiovascular
risk seen in patients with MN and thus provide an important target for treatment. Statins can improve
the lipid profile and reduce cardiovascular morbidity and mortality in patients with chronic kidney
disease. Statins have a synergistic antiproteinuric effect when combined with ACE inhibitors, but this
effect is small and mainly observed in patients with proteinuria ,3 g/24 hours.

	16.	 What	is	the	role	of	immunosuppressive	agents	in	the	treatment	of	MN?
The ideal treatment option in patients with primary MN remains unclear, and use of
immunosuppression is controversial. This is partly due to the variable natural history of the disease
and the risks associated with drug toxicity. Immunosuppression is generally reserved for those
patients with deteriorating kidney function or heavy proteinuria that persists despite conservative
treatment or those with high anti-PLA2R antibody titers. Various agents have been used including
corticosteroids, cyclophosphamide, chlorambucil, mycophenolate mofetil, calcineurin inhibitors (e.g.,
cyclosporine, tacrolimus), rituximab, and adrenocorticotropic hormone (ACTH) with variable success.

	17.	 What	are	the	traditional	treatment	options	in	patients	with	MN?
Corticosteroids have been examined extensively in treatment of patients with MN with inconsistent
outcomes. In meta-analysis and a secondary pooled analysis, corticosteroid therapy alone was not
associated with an increased rate of remission or preservation of kidney function. Therefore
corticosteroid therapy alone is not recommended for treatment of patients with MN.

Cytotoxic agents (cyclophosphamide, chlorambucil) in combination with corticosteroids have
been studied in multiple trials and increase the rate of complete and partial remission and result in
preservation of kidney function short term. In the largest meta-analysis of 36 clinical trials, cytotoxic
agents combined with corticosteroids were associated with a lower rate of mortality and ESRD and
higher rate of complete and partial remissions but also led to a higher rate of adverse events. Kidney
Disease: Improving Global Outcomes currently recommends initial therapy to consist of a 6-month
course of alternating monthly cycles of oral and intravenous corticosteroids and oral
cyclophosphamide (grade 1B).

Calcineurin inhibitors (cyclosporin and tacrolimus) with or without corticosteroids have also been
used in treatment of patients with primary MN and are associated with high rate of complete and
partial remission; however, risk of relapse after discontinuation of the drug is similarly high. If
calcineurin inhibitors are used as first line therapy, we recommend treatment for at least 12 months,
with a slow taper afterwards. However, lack of reduction in proteinuria .30% after 6 months of
therapy with calcineurin inhibitor suggests resistance.

Several studies have evaluated the use of mycophenolate mofetil in patients with primary MN,
but the outcomes have been disappointing and we do not recommend use of Mycophenolate Mofetil
(MMF) monotherapy in this population.

	18.	 What	other	therapies	are	available	for	treatment	of	MN?
Rituximab, an anti-CD20 monoclonal antibody, has become a popular choice for treating patients with
primary MN after small, prospective but uncontrolled cohorts suggested that it can be effective in
inducing remission in approximately 60% of patients. A randomized controlled study of 75 patients
with primary MN and proteinuria $3.5 g/24 hours compared rituximab therapy plus
nonimmunosuppressive treatment with nonimmunosuppressive treatment alone and showed that
those treated with rituximab have a remission rate of 65% compared with 34% in the control group
at 12 months. A randomized controlled study comparing rituximab to cyclosporin is currently being
conducted. It should be noted that rituximab has been linked to unusual infections, such as
progressive multifocal leukoencephalopathy, and caution should be taken prior to its widespread use
until results from larger randomized studies become available.

Both synthetic and natural ACTH have been studied as treatment options for treating patients
with MN. Synthetic ACTH administered for 1 year was compared with corticosteroid plus
cyclophosphamide or chlorambucil in a randomized study, and synthetic ACTH resulted in equal
reduction in proteinuria. Natural ACTH (Acthar Gel) has also been studied as a treatment option at
a dose of 80 units twice weekly for at least 12 weeks and was associated with more than 50%
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reduction in proteinuria. ACTH is overall well tolerated. Adverse effects include glucose intolerance, 
swelling, and development of bronze-colored skin, which resolve after the end of the therapy. ACTH 
may be a potential therapy in treatment of patients with MN but requires further evaluation to define 
its role.

	19.	 What	are	the	follow-up	strategies	regarding	cancer	in	patients	with	MN?
Patients with MN have an increased incidence of malignancy. Therefore patients with MN should  
be regularly screened for the development of cancer. Age, smoking, and the presence of glomerular 
leukocytic infiltrates increase the likelihood of malignancy in these patients. In patients with 
secondary MN due to malignancy, clinical remission of cancer is usually associated with a reduction  
of proteinuria. Studies suggest an association between cancer-associated MN and presence of  
anti-THSDA-7a antibodies. In the largest cohort of 25 patients with positive anti-THSDA-7a antibodies,  
7 were found to have a malignant tumor. This supports the hypothesis of molecular mimicry in which 
antibodies produced by the tumor cells recognize the related antigen expressed on podocytes. 
Patients with MN and positive serology for anti-THSDA-7a antibody should be carefully screened for 
malignancy.

	20.	 What	percentage	of	patients	relapse	after	complete	or	partial	remission	is	achieved?
Approximately 40% of MN cases will relapse after a complete remission. Many will relapse only to 
subnephrotic-range proteinuria and will have stable function long term. These patients can be 
retreated with immunosuppressive therapy.

	21.	 Does	MN	recur	after	kidney	transplantation?
MN can recur after kidney transplantation in close to 50% of the patients and can result in proteinuria, 
allograft dysfunction, and graft loss. Patients with positive anti-PLA2R antibodies prior to kidney 
transplantation who continue to have persistently positive titers despite standard immunosuppression 
post transplant are at increased risk of clinically relevant recurrent MN and should be considered for 
treatment with rituximab post transplantation.

 1. Membranous nephropathy (MN) remains the leading cause of nephrotic syndrome in white adults. 
Patients who remain nephrotic are likely to progress to ESKD and are also at an increased risk for 
thromboembolic and cardiovascular events.

 2. Antibodies against podocyte proteins such as M-type phospholipase A2 receptor (PLA2R) and 
thrombospondin type-1 domain containing 7A are responsible for approximately 80% of cases of 
primary MN.

 3. Secondary causes of MN include autoimmune diseases, infection, and malignancies.
 4. Up to 70% of patients with MN will have nephrotic syndrome at the time of presentation. MN is a 

chronic disease, with spontaneous remission and relapses clearly documented.
 5. The standard model for the identification of patients at risk for progression to ESKD was developed 

by the Toronto Glomerulonephritis Registry. This model considers the initial creatinine clearance 
(CrCl), the slope of the CrCl, and the lowest level of proteinuria during a 6-month observation  
period, but new models incorporating PLA2R titers are being developed.

 6. Conservative therapy consists of restricting dietary protein intake and controlling blood pressure, 
hyperlipidemia, and edema. Angiotensin-converting enzyme inhibitors and angiotensin receptor 
blockers are effective antihypertensive medication. However, their antiproteinuric effect is poor 
(average proteinuria reduction approximately 30%), and they work best in patients with lower  
degrees of proteinuria.

 7. The use of immunosuppression in the setting of primary MN should be reserved for those patients 
with deteriorating kidney function and/or heavy proteinuria that persist despite conservative  
therapy, and/or have high anti-PLA2R antibody levels.

 8. Current data suggest that new therapeutic agents such as rituximab and synthetic adrenocortico-
tropic hormone are effective in reducing proteinuria while having few adverse effects.

 9. Membranous nephropathy can recur after kidney transplantation in close to 50% of patients and 
can result in proteinuria, allograft dysfunction, and graft loss. Recurrence most often occurs  
during the first year.

 10. The relationship between anti-PLA2R antibody levels in patients with MN and clinical response to 
different treatment modalities needs to be evaluated further.

KEY POINTS
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	 1.	 What	is	immunoglobulin	A	nephropathy	(IgAN)?
IgAN is a glomerular disease characterized by the deposition of type A immunoglobulin in the mesangial
areas of the glomerulus. This leads to inflammation and damage to the glomerulus and the surrounding
structures. Originally known as Berger disease, IgAN is the most common biopsy-proven primary
glomerular disease.

	 2.	 What	are	the	typical	biopsy	findings	in	IgAN?
On light microscopy (LM), mesangial cellular proliferation and matrix expansion are the classic
findings. In cases with rapid deterioration in kidney function, diffuse proliferation of both the
mesangial and endocapillary cells can be appreciated, in association with segmental necrosis and
crescents. Nonspecific pathologic features associated with advanced glomerular diseases in general
can be seen in IgAN, including glomerulosclerosis, tubular atrophy, and interstitial fibrosis.

On immunofluorescence (IF), the defining feature of IgAN is the presence of prominent IgA
deposits within the mesangium in a dominant or codominant intensity with IgG and more rarely IgM.

On electron microscopy (EM), electron-dense mesangial deposits are the typical finding.
Paramesangial and subendothelial extension of the deposits may be present but are less
common.

	 3.	 What	is	the	pathogenesis	of	IgAN?
A unifying theory of the pathogenesis has not been fully elucidated. The available data suggest that
tissue injury can be initiated by the deposition of abnormally underglycosylated IgA subclass 1 (IgA1)
immune complexes in the mesangium. These complexes somehow trigger mesangial cell activation,
which in turn releases proinflammatory cytokines and profibrotic mediators, affecting nearby
glomerular structures. It is also suggested that IgA deposits activate the local complement system.
The higher C3 deposition compared with C1q suggests that the lectin and alternative complement
pathways are implicated.

	 4.	 What	is	the	etiology	of	IgAN?
The etiology of IgAN is unknown in the majority of cases. There appears to be a dysregulation of the
mucosal-type IgA immune response that results in the production of the aberrant IgA1. The aberrant IgA1
forms immune complexes that deposit in the glomerulus, although the specific relationship between the
complexes glomerular deposition and injury remain incompletely understood. It is likely that there are
contributions from both genetic and environmental factors that cause the production of aberrant IgA1.

In familial IgAN, genetic linkage studies have suggested some specific genetic abnormalities.
Most of the reported kindreds with IgAN are inherited in an autosomal-dominant pattern with
incomplete penetrance. Genomewide association studies that include populations of IgAN from across
the world have identified associated variants in the HLA gene family. Associations have described
abnormalities within 1q32 that contains multiple complement regulatory genes as a possible IgAN
susceptibility locus. In most cases, especially the more common sporadic variants, additional
environmental factors are necessary to produce the clinical phenotype.

	 5.	 Is	IgAN	associated	with	any	other	conditions?
Yes. Although IgAN is most commonly a primary (idiopathic) disorder, there are some well-established
associations. The most common are
• Liver cirrhosis (both alcohol- and virus-induced)
• Celiac disease
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• HIV infection
• Inflammatory bowel disease
• Some rheumatic conditions

IgAN has also been described in association with
• Minimal change disease (MCD)
• Membranous nephropathy
• Antineutrophil cytoplasmic antibody-positive vasculitis

There is increased recognition of IgA deposition with Staphylococcus-related glomerulonephritis
(GN). However, unlike primary IgAN, the presence of the active infection and typical large subepithelial
deposits (humps) on microscopy can help distinguish between these two entities.

	 6.	 How	does	IgAN	present?
About 20% to 30% of patients present with recurrent gross hematuria, typically within a few days of an
upper respiratory infection. Classically known as “synpharyngetic hematuria,” this presentation is much
more common in children and young adults than in the older population. Dull flank pain and low-grade
fever may be present, and this pattern can mimic both urinary tract infection and urolithiasis.

The majority of the remaining patients with IgAN are asymptomatic at presentation and are
detected on routine examination of the urine (positive for microscopic hematuria with or without mild
proteinuria [,500 mg/day]). Systemic hypertension may also be found. Nephrotic-range proteinuria or
lesser degrees of proteinuria without hematuria are unusual but also occur. In less than 5% of patients,
IgAN can present with acute kidney injury. It is felt that the kidney injury is most commonly secondary to
tubular obstruction and/or damage by red cell casts, which form in the course of the gross hematuria.
Crescentic GN in IgAN can also produce a similar clinical phenotype and should be considered whenever
an acute deterioration of kidney function occurs. Because this is a relatively rare clinical presentation,
a kidney biopsy should be obtained to differentiate acute tubular damage from crescentic GN. This is
particularly important given that their outcome and management are so distinctly different.

At least 20% of patients with IgAN present with chronic kidney disease as a result of long-standing but
undiagnosed disease. The clinical phenotype usually includes hypertension, mild to moderate proteinuria, and
hematuria of undetermined duration in combination with varying degrees of chronic kidney disease.

	 7.	 What	is	the	differential	diagnosis	of	synpharyngitic	hematuria?
The onset of hematuria shortly after a respiratory infection is common to both IgAN and poststreptococcal
GN. However, the latent period from infection to gross hematuria averages 1 to 3 days in IgAN versus
10 to 14 days in poststreptococcal GN. Poststreptococcal GN can also be distinguished from IgAN by the
presence of hypocomplementemia, which is rarely seen in IgAN, and the elevation of antistreptococcal
antibodies in the early phase of infection.

	 8.	 How	is	the	IgAN	diagnosis	established?
Even if IgAN is suspected on the basis of the clinical and laboratory findings, the diagnosis can be
confirmed only by the findings on kidney biopsy. The presence of mesangial proliferation and matrix
expansion on LM with dominant or codominant deposition of IgA and complement on IF microscopy
confirms the diagnosis.

	 9.	 Are	there	any	biomarkers	to	diagnose	IgAN	or	monitor	the	activity	of	the	disease?
Not yet. Although increased levels of serum IgA can be found in up to 50% of cases, this finding is
not specific and has no diagnostic or prognostic value. Alternative biomarkers have been identified,
including serum galactose-deficient IgA1 (GD IgA1) and GD IgA1 antibodies and immune complexes,
but their utility in routine clinical practice has not been established.

	10.	 Should	a	kidney	biopsy	always	be	performed?
No. Asymptomatic patients with isolated hematuria or mild proteinuria (,500 mg/day) usually follow
a benign course. General interventions known to slow progression that are used in other cases of
chronic kidney disease should be implemented. Given that histologic findings at this stage of disease
are not likely to alter therapy and considering the risk, a kidney biopsy is not warranted. The decision
to perform a biopsy in these cases even when IgAN is highly suspected is a matter of debate.
Although biopsy can at least confirm the diagnosis, this decision varies widely among nephrologists
and the affected patients as well as by geographic region.

Regardless of whether a kidney biopsy is performed, ongoing follow-up of these patients is
imperative, because a more concerning phenotype may evolve at any time and is unpredictable.
Kidney biopsy is generally recommended in patients with an unexplained serum creatinine above
normal for age and sex and/or proteinuria . 500 to 1000 mg/day.
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	11.	 What	is	the	prognosis	of	IgAN?
Most patients who present with isolated hematuria and no proteinuria have a low risk of progression 
provided these laboratory features do not change. Among patients who develop significant persistent 
proteinuria . 500 to 1000 mg/day, approximately 25% to 30% will require renal replacement therapy 
(RRT) within 20 to 25 years of presentation. A higher percentage will require RRT if they have 
persistent higher-grade proteinuria of more than 2000-3000 mg/day with or without hypertension. 
This is particularly true if the proteinuria cannot be reduced with therapy.

Spontaneous improvement in laboratory findings in those with isolated hematuria (without 
significant proteinuria or impairment of glomerular filtration rate [GFR]) has been reported. It appears to 
be more common in children and has been estimated to occur in between 5% and 30% of such cases.

There is a geographic variability in IgAN prognosis that is in large part explained by lead-time bias 
related to differing clinical thresholds for performing a kidney biopsy. Calculating the influence of other 
factors such as genetics, diet, ethnicity, or treatment is relevant but currently impossible to quantitate.

	12.	 Do	any	kidney	biopsy	findings	predict	outcome?
Yes. Several variables have been found to correlate with a poor renal outcome. The Oxford 
classification (Table 29.1) shows that histopathology has a predictive value—independent of the 
clinical parameters of hypertension, proteinuria, and GFR—related to the degree of mesangial 
proliferation, presence of endocapillary proliferation, segmental glomerulosclerosis, the degree of 
tubular atrophy/interstitial fibrosis, and the percentage of crescents. This classification has been 
validated in many different countries and in cohorts comprising a wider variety of presentations and 
degrees of progression than the original studies. Although uncommon and not part of the original 
MEST classification, crescent formation also points to a poor renal prognosis. Extension of the IgA 
deposits into the subendothelial location of the capillary wall has also been associated with a worse 
prognosis, but this has been somewhat inconsistent.

	13.	 Are	there	clinical	features	predictive	of	outcome?
Yes. In fact, they have been known to have a stronger predictive value than the histologic ones, 
particularly because they can be measured serially. The level of sustained proteinuria over time (usually 
after 2 years of follow-up) has been shown to be the strongest predictor of progression. Regardless of 
the level of proteinuria at presentation, achieving a complete (proteinuria ,300 mg/day) or partial 
remission (proteinuria ,1000 mg/day) is associated with a significant reduction in the rate of 
progression of the kidney disease. Mean arterial pressure over time and level of impairment of kidney 
function have also been identified as important predictors. Combining clinical factors with the 
pathologic variables of the Oxford classification can improve risk stratification and management 
decisions at the time of presentation. Whether isolated hematuria or recurrent macroscopic hematuria 
are prognostic indicators is still debated. It seems likely that recurrent gross hematuria may leave 
subclinical kidney damage that will eventually result in tubular interstitial scarring and a worse long-
term outcome, but currently there is little evidence to support that theory.

Table 29.1. The Oxford Classification MEST Criteria

PATHOLOGIC  
FEATURE

Score

0 1 2

Mesangial  
hypercellularity (M)

,50% of the glomeruli 
showing hypercellularity

.50% of the glomeruli 
showing hypercellularity

Not applicable

Endocapillary  
hypercellularity (E)

No endocapillary  
hypercellularity

Any glomeruli  
showing endocapillary  
hypercellularity

Not applicable

Segmental  
sclerosis (S)

No segmental sclerosis Any glomeruli showing  
segmental sclerosis

Not applicable

Tubular atrophy/ 
interstitial fibrosis (T)

25% tubular atrophy/
interstitial fibrosis

.25%–50% tubular 
atrophy/interstitial fibrosis

.50% tubular atrophy/
interstitial fibrosis

Crescents (C)a No cellular/fibroceullar 
crescents

10%–25% of glomeruli  
having cellular/fibrocellular 
crescents

.25% of glomeruli 
having cellular/ 
fibrocellular crescents

aCrescents were studied in addition to the MEST score in 2016 and were validated.
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	14.	 Is	there	a	specific	treatment	for	IgAN?
There is no known treatment that specifically modifies the presumed pathogenesis of IgAN.
Nonimmune-modulating treatment with renin-angiotensin system blockade is still the best evidence-
based intervention for slowing IgAN progression. The blood pressure target should be ,125/75 to
130/80 mm Hg in adults and similar targets adjusted appropriately for body size and age in the
pediatric population. The aim should be to reduce the proteinuria to less than 500 to 1000 mg/day.

Angiotensin-converting enzyme inhibitors (ACEIs) or, alternatively, angiotensin receptor blockers
(ARBs) should be initiated and titrated up to maximum doses as tolerated. There is an increased risk
of adverse events with combined use of these agents; thus it is generally inadvisable to combine
them, especially with the limited evidence of benefit in the literature.

	15.	 Should	all	patients	with	IgAN	receive	treatment?
No. The approach to therapy in individual patients should take into account their relative risk of
progression and their clinical and pathologic findings as well as a careful assessment of the potential
risks and benefits of therapy.
• Patients with isolated hematuria, no proteinuria, and a normal GFR do not require treatment;

however, monitoring every 6 to 12 months for potential indicators of worsening disease (such as
increasing proteinuria, blood pressure, and/or serum creatinine) is warranted.

• For patients with persistent proteinuria .500–1000 mg/day, angiotensin inhibition is recommended
with ACEI and/or ARB therapy, aiming for reduction in proteinuria to ,500 to 1000 mg/d.

• Many physicians advocate the use of fish oil supplements because of their lack of toxicity and
because they may provide a nonspecific anti-inflammatory/vasoprotective effect. However, it must
be noted that randomized trials using fish oil have yielded conflicting results.

	16.	 When	should	immunosuppressive	therapy	be	considered?
• Persistent proteinuria: In patients with persistent proteinuria (.1000 mg/day) despite optimal

conservative therapy (ACEI or ARB) with preserved kidney function, earlier studies have shown
benefit of a 6-month course of steroid therapy in patients, with a lower risk of side effects.
However, a randomized controlled trial (STOP-IgA) has cast doubt on the short-term benefit of
preserving GFR, even when steroid treatment showed significant improvement in proteinuria.
Steroid side effects associated with such courses include glucose intolerance and a higher risk
of infection.

• Nephrotic syndrome: In patients presenting with nephrotic syndrome and clinical/pathologic
features suggestive of concurrent MCD, corticosteroids prescribed in a manner similar to that used
in the treatment of MCD alone will commonly induce a complete remission of proteinuria.

• Accelerated decline in GFR: In patients with a rapidly declining GFR (to less than 50 mL/min per
1.73 m2), a biopsy can be helpful in risk stratification. If advanced sclerosis and fibrosis is found, the
risk of immunosuppression usually outweighs the benefit. However, if significant inflammatory activity
is seen with less sclerosis and fibrosis, immunosuppression can halt or substantially reduce the rate of
decline of kidney function. The evidence to guide treatment in this group of patients is scarce and
limited. With higher grades of activity, additional treatment beyond a course of prednisone—such as
cyclophosphamide (typically for 3 months)—has been used, especially when glomerular crescents are
found. Further maintenance treatment and/or steroid-sparing agents in the form of azathioprine or
mycophenolate mofetil have been used, but no randomized controlled trials have confirmed their value.

• Resistant and relapsed disease: In some patients, first-line immunosuppression (steroid
monotherapy or in combination with cyclophosphamide) may fail to diminish proteinuria. In other
patients, relapse after the achievement of remission may occur shortly after an immunosuppressive
course is completed or after many years. In such situations, additional courses of immunotherapy
increase their risk, and a kidney biopsy may be needed to define the activity versus chronicity of the
disease and help guide treatment.

• Advanced disease: Advanced glomerular sclerosis and interstitial fibrosis usually follow chronic
unremitting IgAN or acute/subacute aggressive variants of the disease. Such irreversible findings on
biopsy will be reflected in the declining GFR. The level of sclerosis/fibrosis and GFR at which the risk
of therapy outweighs the benefit is unclear and remains a subject of debate. The Kidney Disease:
Improving Global Outcomes (KDIGO) guidelines suggest to withhold immunosuppressive treatment if
the GFR is less than 30 mL/min per 1.73 m2 unless active crescentric IgAN is found. Although these
recommendations are not based on strong evidence, they are reflective of general practice.

	17.	 Is	tonsillectomy	recommended?
No. Although tonsillectomy has been performed as a treatment for IgAN, particularly in the Japanese
population, it is not a risk-free procedure, and the evidence of its usefulness is weak.



202 PRIMARY GLOMERULAR DISORDERS

	18.	 Does	IgAN	recur	after	transplantation?
Yes, but the spectrum of recurrence is wide. This ranges from histologic recurrence (the presence  
of IgA on IF staining without features of active disease) to the full-blown clinical phenotype with 
manifestations similar to those present in the pretransplant IgAN course. The rate of recurrence in  
the literature is variable and has been reported from 10% to greater than 50% with extended 
follow-up. However, graft loss from recurrent IgAN is rare, typically less than 5% to 10%, at least 
within a decade of transplantation. Because of this, transplantation, when feasible, remains the 
optimal form of RRT for patients with IgAN.

	19.	 What	is	Henoch-Schönlein	purpura	(HSP)?
HSP is a systemic leukocytoclastic vasculitis affecting small vessels, characterized by IgA immune 
deposits. The incidence increases in the fall and winter, possibly due to increased infectious or allergic 
triggers. The classic presentation is a tetrad of skin rash, abdominal pain, arthralgias, and hematuria/
proteinuria. HSP has a peak incidence at ages 4 to 6 and shows a 2:1 male-to-female predilection. It 
is the most common cause of vasculitis in children. The four classic clinical features are as follows:
• Skin: Palpable purpura affecting mainly the forearms, lower limbs, and buttocks. Skin manifestations 

usually predominate in children.
• Gastrointestinal: Bowel vasculitis causing colicky abdominal pain. Gastrointestinal bleeding may 

occur.
• Joints: Symmetric polyarthralgia typically limited to the knees and ankles.
• Kidney: This may be clinically and pathologically indistinguishable from IgAN. Kidney involvement 

is more commonly seen and more severe in older children and adults than in young children.

	20.	 What	is	the	prognosis	of	HSP	nephritis?
Most patients have a self-limiting course and a good prognosis. A minority of patients have persistent 
hematuria or proteinuria that may eventually lead to end-stage kidney disease. In these patients, the 
evolution and prognosis of the nephritis is comparable to that of patients with IgAN; thus the 
follow-up and approach to treatment should be similar. There is limited evidence to guide treatment, 
but steroids with or without other immunosuppressive agents may be a reasonable option for severe 
and progressive kidney disease.

Recurrent/relapsing episodes can occur but may not predict a worse long-term outcome. 
Disease behavior after transplantation is similar to that of IgAN but occasionally can be severe, with 
features of rapidly progressive GN and crescentic disease.

 1. Immunoglobulin A nephropathy (IgAN) is the most common biopsy-proven primary glomerulonephritis.
 2. The classic presentation is painless gross hematuria 1 to 3 days after an upper respiratory infection.
 3. When accompanied only by microscopic hematuria, the long-term prognosis of IgAN is excellent.
 4. Persistent proteinuria greater than 1 g/day with/without hypertension is associated with up to a 

50% likelihood of developing end-stage kidney disease within 10 years.
 5. Renin-angiotensin system blockade with angiotensin-converting enzyme inhibition or angiotensin 

receptor blockade has been proven in randomized controlled trials in both children and adults to 
improve prognosis.

 6. Of the available immunosuppressive treatments, only steroids have shown reasonable evidence of 
benefit. However, trials have indicated a significant risk of toxicity, and careful assessment of the 
risk/benefit ratio is needed before embarking on therapy.

KEY POINTS
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	 1.	 What	is	membranoproliferative	glomerulonephritis	(MPGN)?
(MPGN) is a rare form of glomerular disease that occurs in both children and adults. It is characterized
by a unique histopathologic feature, namely splitting of the glomerular basement membrane (GBM)
with interposition of mesangial cells and extracellular matrix material. It is associated with variable
degrees of endothelial and mesangial hypercellularity. Together with postinfectious glomerulonephritis,
systemic lupus erythematosus (SLE), and cholesterol embolic disease, it is one of the glomerulopathies
that is marked by hypocomplementemia (i.e., a low level of serum C3).

	 2.	 How	is	MPGN	diagnosed	and	classified?
Although the disease may be suspected in a patient with hematuria and/or proteinuria and a reduced
level of C3, a kidney biopsy is required to confirm the diagnosis. Examination of the kidney histopa-
thology demonstrates a lobular appearance of the glomerular tuft, mesangial expansion, hypercellular-
ity, and the characteristic “tram track” finding with a double contour of the GBM. Immunofluorescence
staining is usually positive for C3, IgG, and IgM in a capillary wall distribution. Classic complement
cascade components are seen in type I but not types II and III MPGN.

Primary MPGN is divided into three subtypes based on the nature and location of electron-dense
deposits in addition to the expected changes in the GBM: type I, subendothelial deposits; type II, large,
ribbon-like intramembranous deposits, so-called dense deposit disease (DDD); and type III, subendo-
thelial and subepithelial deposits. The deposits can be numerous or sparse. They are homogeneous in
density and have no defining ultrastructural appearance. The presence of C4d on immunofluorescence
staining has been utilized to distinguish type I (positive) from type II (negative) MPGN.

Recently the term C3 glomerulopathy has been introduced to define cases of MPGN. It corre-
sponds to type II MPGN (DDD) as opposed to the immune-complex–mediated forms of the disease,
types I and III.

The diagnostic label MPGN is focused mainly on the light microscopy appearance (hypercellu-
lar, lobulated glomerular tuft) and the ultrastructural changes in the GBM (splitting of the GBM with
mesangial cell interposition) as well as the specific location of the electron-dense deposits (subepi-
thelial, intramembranous, or subendothelial). In contrast, the term, C3 glomerulopathy, highlights
the presence of C3 as the dominant or codominant molecule detected by immunofluorescence
examination of the kidney tissue. In this way the diagnosis sheds light on the underlying cause
of the disease—activation of the alternative pathway of complement in the pathogenesis of the
glomerulopathy. Moreover, it points the way to a new therapeutic approach to MPGN and C3 glomer-
ulopathy that reduces kidney injury by inhibiting the activity of the alternative pathway of complement
(see Question 16).

	 3.	 What	is	the	cause	of	MPGN?
MPGN can be primary (idiopathic) in nature. Alternatively, it can be secondary to a wide variety of
medical conditions including infections (hepatitis B, hepatitis C, and bacterial endocarditis), autoim-
mune diseases (e.g., SLE), chronic liver disease (e.g., a1-antitrypsin deficiency), malignancies, lym-
phoproliferative disorders, plasma cell dyscrasias leading to monoclonal gammopathy, and essential
cryoglobulinemia. MPGN has been associated rarely with Lyme disease, autoimmune thyroiditis, and
type I diabetes mellitus. Some newer medications have been linked to type I MPGN, such as granulo-
cyte colony-stimulating factor. Because MPGN is a rare condition that requires a kidney biopsy for
diagnosis, there is no systematic information about the relative incidence of primary versus secondary
MPGN.

Postinfectious glomerulonephritis and MPGN likely represent a spectrum of the same disease.
They share common histopathologic features. Long-term follow-up and detailed assessment of the
alternative pathway of complement are required to distinguish these two entities. Type II MPGN has
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been linked to genetic mutations in proteins involved in the regulation of the alternative pathway
of complement. These include alterations in factor H, factor H–related proteins, and complement
receptor 1.

	 4.	 What	are	the	incidence	and	prevalence	of	MPGN?
Primary MPGN is one of the least common causes of primary nephrotic syndrome, accounting at most
for 5% to 10% of cases. Therefore the incidence is probably in the range of 1 to 2 per million popula-
tion per year; as such, it qualifies for the federal designation of a rare disease. The incidence of MPGN
may have been declining over the last two decades. The secondary causes of MPGN have a less
clear-cut epidemiology because of varying patterns of performing a kidney biopsy in patients with uri-
nary abnormalities and subtle changes in glomerular filtration rate (GFR). In addition, clinical practice
may differ in those with primary versus secondary disease. In primary disease, where extrarenal
symptoms are limited, a kidney biopsy is essential to make a diagnosis. In contrast, the presence of a
defined secondary cause may be viewed as sufficient to make a clinical diagnosis. The net result may
underestimate the incidence of this complication in patients with MPGN. Nonetheless, MPGN is a rare
cause of end-stage kidney disease (ESKD) in children and adults, accounting for less than 5% of
patients on dialysis or receiving a kidney transplant.

	 5.	 What	is	the	clinical	presentation	of	patients	with	MPGN?
MPGN can be present with the full spectrum of glomerular disease.
• Hematuria can be the sole manifestation in rare cases.
• Glomerular hematuria (including gross hematuria) and proteinuria with normal kidney function may

be the presenting finding in 10% to 30%.
• New-onset nephrotic syndrome may be seen in 40% to 70%.
• Nephritic syndrome occurs, with hypertension, azotemia, hematuria, and proteinuria.
• There may be anemia that is out of proportion to the degree of kidney dysfunction.

	 6.	 Are	there	extrarenal	manifestations	of	MPGN?
Patients with primary MPGN generally have primarily kidney manifestations. However, in nearly 25%
of cases, patients with type II disease, which is more common in children, manifest partial lipodystro-
phy (gradual loss of subcutaneous fat tissue in the face and upper body). There may be other associ-
ated findings in patients with MPGN, such as macular degeneration and mild visual field and color
defects. Retinal angiography demonstrates the presence of choroidal neovascularization.

Patients with secondary MPGN may have extrarenal abnormalities related to the underlying dis-
ease. For example, patients with MPGN in association with cryoglobulinemia may have ulcerative skin
lesions, Raynaud phenomenon, peripheral neuropathy, hepatomegaly, and signs of cirrhosis.

	 7.	 What	is	the	natural	history	of	MPGN?
Although spontaneous remission has been described in children and adolescents with MPGN, nearly
50% progress to ESKD over 10 to 15 years. Similar outcomes are found in adults, with 50% progress-
ing to ESKD within 5 years and 64% after 10 years of follow-up. Indicators of poor outcome include
• Elevated serum creatinine at presentation
• Nephrotic-range proteinuria
• Severe hypertension
• Crescents in more than 50% of glomeruli
• Diffuse interstitial fibrosis and tubular atrophy
• A reduced calculated GFR after 1 year of treatment
• Primary versus secondary forms of MPGN
• Type II MPGN compared as opposed to types I and III

	 8.	 Are	there	any	patient	groups	at	special	risk	of	developing	MPGN	or	adverse	long-term	outcomes?
MPGN appears to involve children and adults of both genders and all ethnic groups, and the prognosis
is comparable in all patient groups.

	 9.	 What	is	the	appropriate	workup	for	patients	with	MPGN?
The critical laboratory test that suggests the diagnosis of MPGN is hypocomplementemia—namely,
reduced C3 and CH50 levels, which are confirmed in 80% to 90% of cases. The C4 and factor B lev-
els are also low in approximately 40% of those with type I MPGN. This is less common in those with
type II or III MPGN. Molecular markers of activation of the alternative pathway of complement, such
as Bb and C3d, are elevated in patients with type II MPGN. Measurement of all components of the
complement cascade to distinguish between the different types of MPGN is usually not performed in
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clinical chemistry laboratories and currently is available only in select research facilities. Activity of C3
nephritic factor, an IgM autoantibody that stabilizes C3 convertase, should be assayed in all forms of
primary and secondary MPGN. In adults with cryoglobulinemia, testing should be performed for hepa-
titis B and C infection. Hepatitis serology should be evaluated in pediatric patients with MPGN even in
the absence of mixed cryoglobulinemia. Other laboratory abnormalities will be present depending on
the underlying disease. The confirmatory test in patients with hypocomplementemia or a suggestive
history is a kidney biopsy demonstrating the characteristic histopathological findings.

	10.	 Are	there	any	unique	laboratory	tests	that	are	relevant	to	patients	with	MPGN?
Mutations in the alternative pathway of complement proteins or detectable levels of the activity of C3
nephritic factor, an IgM autoantibody to the alternate pathway C3 convertase (C3bBb), are more com-
mon in type II disease—that is, in up to 80% of patients, compared with 20% to 25% of patients with
types I or III disease. C3 nephritic factor can be measured in a hemolytic or solid-phase assay. This
autoantibody is also detectable in up to 50% of patients with secondary forms of MPGN. Patients with
type III MPGN may have a nephritic factor of the terminal complement pathway that stabilizes properdin-
dependent C5 convertase.

	11.	 What	is	the	pathogenesis	of	MPGN?
In primary forms of MPGN, the mechanism of disease centers on abnormal activation of the
complement cascade. There are three distinct patterns of complement activation in the three types
of MPGN.
• In type I disease, the process is initiated by immune complex deposition within the kidney and involve-

ment of the classic pathway. The source of the immune complexes is unknown in the idiopathic form
of the disease. Patients have low levels of C3, C4, C6, C7, and/or C9.

• In the type II variant, continuous overactivity of the complement cascade involves an amplification
loop in the alternative pathway, characterized mainly by markedly depressed C3 levels. An IgG or
IgM autoantibody, termed C3 nephritic factor, is present in the majority of patients with DDD.

• Type III MPGN appears to have features in common with type I disease as well as evidence of
activation of the terminal complement pathway, with low levels of C3, C5, and properdin. In the
secondary forms of MPGN, it is presumed that there is immune complex–mediated activation of
the complement cascade.

	12.	 Is	there	a	genetic	contribution	to	MPGN?
Abnormal complement activation in MPGN can occur as a consequence of genetic mutations with re-
duced endogenous inhibitors of the alternate pathway, such as factor H, or because of the presence of
a circulating autoantibody that stabilizes C3 convertase. MPGN occurs in patients who carry homozy-
gous mutations in factor H. Other genetic causes of MPGN include isolated C4 deficiency.

	13.	 What	is	the	first-line	treatment	for	MPGN?
Children who are clinically well and free of symptoms or only have minor urinary abnormalities gener-
ally do not require aggressive therapy. These patients may be treated with antihypertensive agents,
specifically an angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB),
to reduce proteinuria and prevent progressive kidney damage. Those with more severe disease are
treated with prolonged alternate-day therapy with oral steroids, prednisone 40 to 60 mg/m2, or 2 to
2.5 mg/kg every other day for an average period of 6.5 years, leading to an improved outcome com-
pared with historic controls or patients treated at other centers. Repeat biopsies performed after 2 years
of therapy have shown an increase in open capillary loops and a reduction in mesangial matrix expan-
sion, suggesting that there may be an increase in glomerulosclerosis despite clinical improvement. The
efficacy of therapy was greater in patients who began treatment within 1 year of disease onset and in
those whose GFR was well preserved (i.e., .70 mL/min per 1.73 m2).

In adults, there is widespread concern about the risks of prolonged steroid therapy. Therefore
the current evidence-based medicine recommendation is to prescribe steroids only for adults with
nephrotic syndrome or impaired kidney function. Treatment is maintained for 6 months. Patients with
asymptomatic urinary findings or who fail to respond to steroids should be treated conservatively.
ACEIs have been demonstrated to be effective in reducing proteinuria in patients with MPGN. Com-
bined therapy with dipyridamole, cyclophosphamide, and warfarin does not appear to be beneficial,
and this treatment is no longer recommended.

In patients with hepatitis C infection and MPGN, several new antiviral agents (e.g., boceprevir,
telaprevir, simeprevir, sofobuvir, and the ledipasvir-sofobuvir combination) have been introduced into
clinical practice. They have led to dramatically improved viral clearance and outcomes. However, the
impact of these agents on the incidence of hepatitis C–related MPGN has not been assessed.
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	14.	 What	are	the	second-line	therapies	for	MPGN?
There is a compelling argument in favor of optimal control of blood pressure, preferably with an  
ACEI or ARB. Plasmapheresis has been reported to be useful in small numbers of patients with severe 
idiopathic MPGN and acute kidney failure or rapidly deteriorating disease. Mycophenolate mofetil  
has been tried in patients with cryoglobulinemic MPGN related to hepatitis B infection. Although  
treatment resulted in reduced proteinuria, viral replication was induced by the drug. Therefore  
caution is advisable when considering this immunosuppressive agent for the treatment of MPGN.  
Mycophenolate mofetil has also been utilized in open-label studies of patients with type II MPGN and 
C3 glomerulopathy. Cyclosporine is another alternative form of immunosuppressive therapy that may 
be beneficial in patients with refractory MPGN; however, it has not been studied systematically in a 
large case series.

	15.	 What	is	the	role	of	kidney	transplantation	in	the	treatment	of	patients	with	MPGN?
Kidney transplantation is a viable treatment for patients with MPGN who progress to ESKD. However, 
there is a variable risk of recurrent disease in both primary and secondary categories of disease. In 
patients with primary MPGN, the recurrence rate is approximately 20% to 40% in those with type I 
and III disease and up to 80% to 90% in those with type II (DDD). In those with secondary disease, 
the recurrence is directly linked to control of the underlying illness. The risk of recurrent disease 
may be marginally higher in recipients of living-donor kidneys. Recurrent disease usually leads to  
allograft loss.

	16.	 Are	there	novel	therapies	in	development	for	MPGN?
Agents to block the abnormal activation of the alternate pathway of complement, including eculizumab,  
a monoclonal antibody to C5a and recombinant factor H, are being considered as potential treatments for 
primary MPGN, especially type II disease. Initial studies suggest that this treatment may be most effective 
in patients with evidence of activation of the alternative pathway of complement (e.g., elevated circulating 
levels of the soluble membrane attack complex). However, this observation requires confirmation in larger 
randomized clinical trials. Newer anticomplement therapies are under development and will also require 
testing in patients with MPGN. In secondary disease, removal of cryoglobulins with cryofiltration is an  
experimental modality.

 1. Membranoproliferative glomerulonephritis (MPGN) is diagnosed based on a kidney biopsy with  
renal kidney histopathology demonstrating a lobular appearance of the glomerular tuft, mesangial 
expansion, and hypercellularity, the characteristic “tram track” finding with a double contour of the 
glomerular basement membrane, and immunofluorescence staining that is usually positive for C3, 
IgG, and IgM in a capillary wall distribution.

 2. There are three subtypes:
 a. Type I—subendothelial deposits
 b. Type II—large, ribbon-like intramembranous deposits, so-called dense deposit disease
 c. Type III—subendothelial and subepithelial deposits

 3. A new term, C3 glomerulopathy, which highlights the presence of C3 as the dominant or codominant 
immunoreactant in the glomerulus and the role of the alternative pathway of complement activation, 
has been introduced to describe subtypes II and III of MPGN.

 4. MPGN can be primary or idiopathic. A substantial proportion of these primary conditions are due to 
genetic mutations in proteins involved in the alternative complement pathway. Secondary causes of 
MPGN may be due to:
 a. Infections
 b. Autoimmune diseases
 c. Chronic liver disease
 d. Malignancies
 e. Lymphoproliferative disorders
 f. Plasma cell dyscrasias
 g. Essential cryoglobulinemia

 5. Primary MPGN is one of the least common causes of idiopathic nephrotic syndrome, accounting  
for at most 5% to 10% of cases and an incidence in the range of 1 to 2 per million population  
per year.

KEY POINTS
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 6. Together with postinfectious glomerulonephritis, systemic lupus erythematosus, and cholesterol 
embolic disease, MPGN is one of the glomerulopathies characterized by hypocomplementemia  
(i.e., a low serum C3 level).

 7. Spontaneous remission is rare and nearly 50% of patients with MPGN progress to end-stage kidney 
disease over 10 to 15 years.

 8. Children with severe disease are treated with prolonged alternate daily therapy with oral steroids, 
prednisone 40 to 60 mg/m2, or 2 to 2.5 mg/kg every other day for an average period of 6.5 years, 
with an improved outcome compared to historic controls or patients treated at other centers. The 
role of immunosuppressive therapy is less clear in adults. Further study is needed to clarify the role 
of anticomplement therapies in patients with MPGN.
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	 1.	 Define	the	terms	diabetic nephropathy	(DN)	and	diabetic kidney disease	(DKD).
The terms DN and DKD are used interchangeably to describe a set of characteristic clinical and 
pathologic findings. The main clinical findings of DKD are the presence of albuminuria, progressive 
chronic kidney disease (CKD), and less commonly microscopic hematuria. Diabetes is the most  
common cause of the nephrotic syndrome. Proteinuria is first detected by screening for albumin in  
the urine. A normal urine albumin level is less than 30 mg/day. Abnormal urine protein is defined in 
two stages. Moderately increased albuminuria (formerly known as microalbuminuria) is defined as  
30 to 300 mg/day. Severely increased albuminuria (formerly known as macroalbuminuria) is  
defined as greater than 300 mg/day and is also known as overt proteinuria or overt nephropathy.  
The pathologic features of DKD are outlined in question 4.

	 2.	 How	is	DN	from	type	1	diabetes	mellitus	(DM)	similar/different	from	type	2	DM?
See Table 31.1. Of note, young adults diagnosed with type 2 DM before the age of 20 are at a higher 
risk for DN, retinopathy, peripheral neuropathy, and hypertension than patients with type 1 DM who 
are diagnosed at the same age.

	 3.	 What	is	the	natural	history	of	the	progression	of	DN	to	end-stage	renal	disease	(ESRD)?
This question is most clearly answered in patients with nephropathy from type 1 DM, given the 
readily identifiable onset of DM. The earliest change of kidney function in DM is kidney hypertrophy 
and glomerular hyperfiltration occurring in the first 1 to 2 years after diagnosis. The degree of  
hyperfiltration correlates with the risk of developing nephropathy. The onset of albuminuria is on 
average 15 years after the diagnosis of DM and increases in severity over time. Patients with type 
1 DM who have not developed nephropathy after 25 years have a very low risk of developing  
nephropathy. End-stage kidney disease (ESKD) occurs 20 to 30 years after the onset of diabetes.

Table 31.1. Comparison of Type 1 Diabetes Mellitus to Type 2 Diabetes Mellitus

TYPE 1 TYPE 2

Onset of overt 
nephropathy

Mean onset at 15 years after initial  
diagnosis of DM

Can be present at time of diagnosis 
of DM.

Hypertension  
association

Often occurs after nephropathy devel-
ops due to diabetic renal parenchymal 
disease

Often predates development of  
diabetic nephropathy as part of the 
metabolic syndrome

Findings on  
kidney biopsy

No difference 
(See Question 4)

No difference
(See Question 4)

Cumulative inci-
dence of overt 
nephropathy

Approximately 25% of patients will 
develop nephropathy within 25 years 
of diagnosis of DM

Approximately 30% of patients will 
develop nephropathy within 20 years 
of diagnosis of DM

Correlation with 
retinopathy

More than 95% of patients with  
nephropathy also have retinopathy

Only approximately 60% of patients 
with nephropathy also have retinopathy

Risk of cardio-
vascular disease

Increased risk occurs approximately  
2 decades after the diagnosis of type 1 
DM and shortly after the development 
of overt nephropathy

Increased risk is already present at 
diagnosis of type 2 DM

DM, Diabetes mellitus



212 SECONDARY GLOMERULAR DISORDERS

Due in part to the unknown time of onset for patients with type 2 DM, moderately increased
albuminuria can be seen as early as at the time of diagnosis. In addition, it does not always progress
as it does in type 1 DM, because some patients develop diabetes-related loss of kidney function
without albuminuria. Patients with DN and type 2 DM are at increased risk of both ESKD and death
from cardiovascular disease. Due to increased comorbidities, most patients will die before reaching
the need for dialysis.

	 4.	 How	and	when	should	physicians	screen	for	DKD?
After DM is diagnosed, consideration for screening of DKD must commence. Screening consists of
annual measurements of creatinine and urine albumin-to-creatinine ratio (ACR). It should begin 5 years
after diagnosis in type 1 DM and at the time of diagnosis in type 2 DM. Moderately increased albuminuria
(ACR between 30 mg/g and 300 mg/g) that persists for more than 3 months means the patient is at risk
for progression to overt nephropathy.

	 5.	 What	are	the	findings	seen	on	kidney	biopsy	in	DN?
Three classic features seen on kidney biopsy:

 1. Mesangial expansion leading to wide-appearing glomeruli
 2. Thickening of the glomerular basement membrane (GBM) with the notable absence of GBM deposits
 3. Nodular glomerulosclerosis. Nodular glomerulosclerosis typically presents as rounded tufts of acellular

matrix in the mesangium. These are called Kimmelstiel-Wilson nodules.
Other findings include hyaline deposition within Bowman capsule and the afferent and efferent

arterioles. This arteriolar deposition can distinguish DN from hypertensive nephropathy, in which
hyalinosis is limited to the afferent arteriole.

Although nodular glomerulosclerosis is typically found in diabetic patients, it can also be seen in
monoclonal immunoglobulin deposition disease, amyloidosis, membranoproliferative glomerulonephritis,
and in idiopathic nodular sclerosis, a disease of older Caucasian patients with history of hypertension
and tobacco use.

	 6.	 Is	a	kidney	biopsy	indicated	in	the	diagnosis	of	DN?
The presence of proteinuria in a patient with DM does not necessarily equate with a diagnosis of DN
and could in fact represent another glomerular disease. Major clues that suggest another cause of
proteinuria include:
• Signs of another systemic disease
• Onset of proteinuria less than 5 years after diagnosis of type 1 DM
• Absence of retinopathy in a patient with type 1 DM
• Rapid deterioration of kidney function or sudden increases in proteinuria
• Presence of hematuria, red or white blood cell urine casts, pyuria, or abnormal protein chains in

the urine
A study by Mazzucco et al. found that using restrictive criteria such as these to determine the

need for a kidney biopsy may lead to more than 50% of kidney biopsies having another glomerular
disease present.

	 7.	 What	is	the	role	of	glycemic	control	in	the	treatment	of	DN?
Type 1 DM and type 2 DM have a different pathogenesis, but both are associated with hyperglycemia.
Hyperglycemia activates the intrarenal renin-angiotensin system that plays an important role in the
development of DN. However, the role of glycemic control in treatment of established DN is controversial.

The best evidence for preventing DN is in patients with type 1 DM. Tight glycemic control in pa-
tients with type 1 DM decreases the risk of development of albuminuria. In individuals with type 1 DM
and moderately increased albuminuria, tight glycemic control also reduces the risk of progression to
nephropathy. In addition, once severely increased albuminuria is present, small studies have found
that return to euglycemia by performing a pancreas transplant led to improvement of biopsy findings
10 years post transplant.

In type 2 DM the data is less certain. Tight glycemic control appears to decrease the risk for
development of moderately and severely increased albuminuria but does not decrease the risk for
doubling of serum of creatinine or of renal death. In addition, tight blood glucose control to a hemoglobin
A1c (HbA1C) less than 6.5% resulted in increased mortality. The current goal HbA1c in patients with DKD
is less than 7%, with liberalized goals for elderly patients or those prone to hypoglycemia.

	 8.	 What	is	the	current	treatment	of	DN?
In addition to glycemic control as noted previously, inhibition of the renin-angiotensin-aldosterone system,
sodium restriction, and blood pressure control are important parts of treating DN.
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Renin-Angiotensin System (RAS) Inhibition: Angiotensin-converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARBs) have been a critical component of treating DN for more than
2 decades. Intrarenal RAS activation plays a major role in the pathogenesis and progression of DN.
ACE inhibitors have been studied both early and late in the course of type 1 DN and have been shown
to slow the rate of estimated glomerular filtration rate (eGFR) decline and decrease the risk of ESKD.
Both ARBs and ACE inhibitors have been shown to do the same in patients with type 2 DN. In addition,
since the importance of RAS inhibition in treatment of DN was discovered, there appears to be a
slowing of the incidence of ESKD from DN in multiple regions of the world.

Sodium Restriction: High dietary sodium intake can cause hypervolemia and hypertension, leading
to adverse cardiovascular outcomes. In addition, sodium restriction has been found to enhance the
antiproteinuric effects of RAS inhibition.

Blood Pressure Control: Lowering blood pressure, even without using RAS inhibition, has been
shown to decrease the rate of albumin excretion. Current guidelines from the 2017 American College
of Cardiology/American Heart Association (ACC/AHA) Task Force suggest a goal blood pressure of less
than 130/80 mm Hg for diabetic patients. This recommendation is based on the assumption that the
vast majority of adults with DM (and CKD) have a 10-year atherosclerotic cardiovascular disease
(ASCVD) risk $ 10%. This is a departure from the 2014 Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) which recommended a goal
blood pressure of less than 140/90 mm Hg.

	 9.	 Is	there	any	benefit	in	using	the	combination	of	an	ACE	inhibitor	and	an	ARB	in	treatment	of	DN?
Given the significant role of activation of the RAS in the development of DN, many have theorized
that combining ACE inhibitors and ARBs would slow the progression of DN more than either alone.
Several small early studies supported this theory. However, in large trials such as The Veterans
Affairs Nephropathy in Diabetes study (VA NEPHRON-D), combination therapy did not further slow
the progression of kidney disease compared with monotherapy and was associated with significant
increases in risk, including acute kidney injury, severe hyperkalemia, and hypotension. Thus there is
no role for combining ACE inhibitors and ARBs for the treatment of DN.

	10.	 Do	genetics	play	a	role	in	the	development	DN?
The pathogenesis of DN is multifactorial. Genetic susceptibility certainly seems to play a role in both
the development and severity of DN. The likelihood of developing DN, in both type 1 and type 2 DM, is
increased in individuals with a first-degree relative with DN. This has perhaps been best described in
Pima Indians, for whom an offspring had a 14% chance of developing proteinuria if neither parent had
proteinuria. This risk increased to 23% if one parent had proteinuria and to 46% if both parents had
proteinuria. There have been numerous genetic variants that have been implicated as potentially
increasing the risk of DN, and this remains an area of ongoing study.

	11.	 Are	there	any	special	considerations	for	kidney	transplantation	in	a	patient	with	DN?
Cardiovascular disease is the most common cause of death in patients with diabetes following kidney
transplantation. Thus, in addition to typical pretransplant candidacy screening, all patients with diabetes
should undergo coronary artery disease screening. They do not necessarily need screening for cerebrovas-
cular disease unless there is history of a transient ischemic attack or cerebrovascular attack. Peripheral
vascular disease (PVD) can prevent a successful anastomosis of the allograft, thus screening for PVD should
be considered, particularly if there are any signs or symptoms of PVD. Another important consideration is
the presence of diabetic foot wounds, which need to be completely healed prior to a transplantation.

The risk for histopathologic recurrence of DN in the transplanted kidney is high at 80% to 100%,
with changes being seen as early as 2 to 3 years post transplant. For this reason, meticulous glycemic
control is important before and after transplantation. The use of glucocorticoids should be avoided,
when possible, to decrease the risk of uncontrolled DM.

Patients with ESKD from type 1 DM should be considered for pancreas transplantation. This is
often done in the form of simultaneous kidney-pancreas (SPK) transplant, although pancreas after
kidney (PAK) transplant is also performed in patients who already have a kidney transplant. Recurrent
and de novo DN is prevented with a successful pancreas transplant.

	12.	 How	does	treatment	of	DM	change	once	kidney	disease	has	developed?
As significant CKD develops, treatment of DM becomes complicated due to many factors. CKD is as-
sociated with increased insulin resistance. At the same time the kidneys are responsible for one-third
of exogenous insulin degradation. In addition, the kidneys play a role in the metabolism and excretion
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of many of the oral antidiabetic medications. With all of these factors contributing, it is difficult to
estimate what a patient will need. Close monitoring is recommended to ensure ongoing good glycemic
control. The following treatments have special considerations in the setting of DKD.

Metformin: A first-line therapy for diabetics, metformin was originally contraindicated for patients with
kidney disease. However, the U.S. Food and Drug Administration (FDA) has amended this exclusion and
now advises to continue giving metformin in patients with an eGFR greater than 30 to 45 mL/min per
1.73 m2 if already on the therapy. If a patient currently taking metformin has a drop in eGFR less than
45 mL/min per 1.73 m2, the risks of possible lactic acidosis must be compared with the benefit of
glycemic control in that particular patient.

Glucagon-like Peptide-1 (GLP-1) Receptor Agonists and Dipeptidyl Peptidase 4 (DPP-4) Inhibitors:
GLP-1 agonists were first isolated from the saliva of the Gila monster. GLP-1 agonists are classified
as incretins secondary to their ability to promote insulin and inhibit glucagon secretion. Likewise,
DPP-4 inhibitors inhibit glucagon. Due to side effects of nausea and vomiting, as well as increasing
sodium excretion in the urine, there are numerous case reports of kidney failure due to volume de-
pletion associated with these drugs. However, early studies suggested a possible nephroprotective
effect with these agents. This is supported by findings from the Liraglutide Effect and Action in
Diabetes (LEADER) study that examined the GLP-1 agonist liraglutide. This study of almost 10,000
patients demonstrated in prespecified secondary outcomes reduced the composite of new-onset
persistent macroalbuminuria, persistent doubling of serum creatinine, ESKD, or death from kidney
disease compared with usual care. There is limited evidence in using these agents in individuals
with severe kidney disease with an eGFR of less than 30 mL/min per 1.73 m2.

Sodium-Glucose Cotransporter-2 (SGLT-2) Inhibitors: The use of SGLT-2 inhibitors in patients with dia-
betes has shown improvements in mortality and cardiovascular events. Early studies suggest that they may
slow the progression of DKD by decreasing hyperfiltration and by decreasing the inflammatory and fibrotic
response to hyperglycemia. Canagliflozin’s kidney outcomes were not considered significant, but it did
reduce the composite of a 40% drop in eGFR, need for dialysis, or death from kidney disease (hazard ratio
[HR] 0.6, 95% confidence interval [CI] 0.47 to 0.77). Its applicability for use in patients with DKD is still
under study, and there are ongoing clinical trials assessing SGLT-2 inhibitors’ ability to treat DKD as a pri-
mary outcome. Currently these agents are contraindicated with an eGFR less than 30 mL/min per 1.73 m2

and are not recommended to be initiated at an eGFR of less than 60 mL/min per 1.73 m2.

	13.	 Name	some	other	agents	currently	being	investigated	for	treatment	of	DKD.
There are multiple other therapies currently being investigated for treatment of DKD. Further studies are
needed for all of the following agents before these agents can be recommended for treatment of DKD.

Endothelin A Receptor Antagonists: The endothelin system plays an important role in the pathogen-
esis of DKD. Endothelin receptor 1 stimulation increases renal vasoconstriction, extracellular matrix
accumulation, and interstitial fibrosis. Endothelin A receptor antagonists have shown promise in the
treatment of DKD, along with the use of ACE inhibitors in animal studies. Human trials are ongoing;
however, one clinical trial studying avosentan was terminated early due to increased cardiovascular
events of fluid overload and congestive heart failure. Another endothelin antagonist, atrasentan, was
shown to reduce proteinuria in a short study. Longer and larger trials are in progress.

Phosphodiesterase Inhibitors: Phosphodiesterase inhibitors block inflammatory cytokines and
leukotrienes associated with DM. They might also play a role in augmenting glomerular hypertrophy
occurring in DM. Small studies suggest that phosphodiesterase inhibitors can slow the rate of eGFR
decline in DKD. However, large randomized multicenter studies have not been performed.

Mineralocorticoid Antagonists (MRAs): MRAs reduce proteinuria when used alone and have an
additive effect when used with an ACE inhibitor or ARB in the treatment of DKD. There are no
long-term data evaluating the benefit of adding an MRA to an ACE inhibitor or ARB on hard kidney
outcomes such as slowing loss of eGFR and preventing ESRD. Furthermore, worsening hyperkalemia
by combining these agents may limit the usefulness of MRAs.

Transforming Growth Factor-b (TGF-b) Inhibitors: The role of TGF-b–induced mesangial matrix
expansion and tubular fibrosis in DKD is well established. Early human trials have found a significant
increase in eGFR in individuals with DKD treated with TGF-b inhibitors.

Selective Serotonin Receptor Antagonists: Serotonin is a proinflammatory mediator released by acti-
vated platelets. Stimulation of the Serotonin receptors is associated with mesangial proliferation, increased
type IV collagen deposition, platelet aggregation, and regulation of tissue vasculature. Serotonin receptor
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subtype 2A (5-HT2A) is found on mesangial cells and is believed to play a role in DKD. Small studies have 
shown that 5-HT2A antagonists decrease albuminuria in humans with DKD.

	14.	 Are	there	any	additional	markers	of	DKD?
Urinary ACR is the traditional biomarker tested when screening for DKD. However, novel biomarkers 
are being studied to aid in the diagnosis and prognosis of DKD. Inflammatory markers such as tumor 
necrosis factor (TNF)-a, markers of tubular injury and glomerular damage, markers of endothelial 
dysfunction, and urinary and plasma microRNAs are all possible future tests of kidney function. Panels 
of multiple biomarkers are also being investigated to help diagnose early DKD, as well as assess for 
the risk of progression.

 1. All adults with newly diagnosed type 2 diabetes mellitus should be screened for nephropathy by 
serum creatinine and urine albumin testing.

 2. Consider kidney biopsy for any patient with diabetes whose kidney disease does not follow the typical 
progression of diabetic nephropathy.

 3. Treat diabetic nephropathy with a combination of blood glucose control, blood pressure control, and 
renin-angiotensin system inhibition.

 4. Patients with diabetes and chronic kidney disease are most likely to die from a cardiovascular cause.

KEY POINTS

BiBliography

Adler, A. I., Stevens, R. J., Manley, S. E., Bilous, R. W., Cull, C. A., Holman, R. R., & UKPDS GROUP. (2003). Development
and progression of nephropathy in type 2 diabetes: The United Kingdom Prospective Diabetes Study (UKPDS 64). Kidney
International, 63(1), 225–232.

Coca, S. G., Ismail-Beigi, F., Haq, N., Krumholz, H. M., & Parikh, C. R. (2012). Role of intensive glucose control in development
of renal end points in type 2 diabetes mellitus: Systematic review and meta-analysis. Archives of Internal Medicine,
172(10), 761–769.

Danovitch, G. M. (2010). Handbook of kidney transplantation (5th ed.). Philadelphia: Lippincott Williams & Wilkins.
Dabelea, D., Stafford, J. M., & Meyer-Davis, E. J. (2017). Association of type 1 diabetes vs type 2 diabetes diagnosed dur-

ing childhood and adolescence with complications during teenage years and young adulthood. Journal of the American
Medical Association, 317(8), 825–835.

Fogo, A. B., & Kashgarian, M. (2017). Diagnostic atlas of renal pathology (3rd ed.). Philadelphia: Elsevier.
James, P. A., Oparil, S., Carter, B. L., Cushman, W. C., Dennison-Himmelfarb, C., Handler, J., . . . Ortiz, E. (2014). 2014 evidence-

based guideline for the management of high blood pressure in adults report from the panel members appointed to the
Eighth Joint National Committee (JNC 8). Journal of the American Medical Association, 311(5), 507–520.

Lee, S.- Y., & Choi, M. (2015). Urinary biomarkers for early diabetic nephropahy: Beyond albuminuria. Pediatric Nephrology,
30(7), 1063–1075.

Mann, J. F. E., Ørsted, D. D., Brown-Frandsen, K., Marso, S. P., Poulter, N. R., Rasmussen, S., . . . LEADER Steering Commit-
tee and Investigators. (2017). Liraglutide and renal outcomes in type 2 diabetes. New England Journal of Medicine, 377,
839–848.

Mazzucco, G., Bertani, T., Fortunato, M., Bernardi, M., Leutner, M., Boldorini, R., & Monga G. (2002). Different patterns of
renal damage in type 2 diabetes mellitus: A multicentric study on 393 biopsies. American Journal of Kidney Diseases,
39(4), 713–720.

McMahon, E. J., Campbell, K. L., Mudge, D. W., & Bauer, J. D. (2012). Achieving salt restriction in chronic kidney disease.
International Journal of Nephrology, 720–749.

Molitch, M. E., Adler, A. I., Flyvbjerg, A., Nelson, R. G., So, W. Y., Wanner, C., . . . Mogensen, C. E. (2015). Diabetic kidney
disease—a clinical update from Kidney Disease: Improving Global Outcomes (KDIGO). Kidney International, 87(1), 20.

Montero, R. M., Covic, A., Gnudi, L., & Goldsmith, D. (2016). Diabetic nephropathy: What does the future hold? International
Urology and Nephrology, 48(1), 99–113.

Neal, B., Perkovic, V., Mahaffey, K. W., de Zeeuw, D., Fulcher, G., Erondu, N., . . . CANVAS Program Collaborative Group.
(2017). Canagliflozin and cardiovascular and renal events in type 2 diabetes. New England Journal of Medicine, 377,
644–657.

ONTARGET Investigators. (2008). Telmisartan, ramipril, or both in patients at high risk for vascular events. New England
Journal of Medicine, 358, 1547–1559.

Pavkov, M. E., Knowler, W. C., Hanson, R. L., & Nelson, R. G. (2008). Diabetic nephropathy in American Indians, with a special
emphasis on the Pima Indians. Current Diabetes Reports, 8(6), 486–493.

Roscioni, S. S., Lambers Heerspink, H. J., & de Zeeuw, D. (2014). The effect of RAAS blockade on the progression of diabetic
nephropathy. Nature Reviews Nephrology, 10(2), 77–87.

Skyler, J. S., Bergenstal, R., & Sherwin, R. S. (2009). Intensive glycemic control and the prevention of cardiovascular events:
Implications of the ACCORD, ADVANCE, and VA diabetes trials. Diabetes Care, 32(1), 187–192.

Whelton, P.K., Carey, R.M., Aronow, W.S., et al. (2017). ACC/AHA Guideline for the Prevention, Detection, Evaluation, and
Management of High Blood Pressure in Adults; A Report of the ACC/AHA Task Force on Clinical Practice Guidelines.
Journal of the American College of Cardiology 24430; DOI: 10.1016/j.jacc.2017.11.006.

http://dx.DOI:%2010.1016/j.jacc.2017.11.006


216

LUPUS NEPHRITIS
Pravir V. Baxi and William L. Whittier

CH
AP

TE
R 

32

	 1.	 How	common	is	systemic	lupus	erythematosus	(SLE),	and	how	often	is	lupus	nephritis	present	in
patients	with	this	disease?
The prevalence of SLE in the United States is around 40/100,000 (0.04%); it has a peak age of onset of
20 to 40 years and is more common in women and certain ethnic groups (especially African Americans).
Kidney involvement occurs in 40% of patients with SLE, and the kidney is the most common major organ
affected.

	 2.	 What	is	the	single	most	important	test	to	order	to	determine	if	a	patient	with	SLE	needs	further
evaluation	for	lupus	nephritis?
A urinalysis should be performed at every visit in patients with SLE, because lupus nephritis may be
asymptomatic or intermittent. The presence of protein or blood on dipstick and/or the presence of
red blood cells (RBCs) or RBC casts on microscopic examination requires further workup for lupus
nephritis. Glycosuria (with a normal plasma glucose) and sterile pyuria can also represent kidney
involvement. Proteinuria, if present on dipstick, should be quantified. The presence of any blood,
protein, or casts in the urine warrants further nephrologic evaluation.

	 3.	 How	does	a	patient	with	lupus	nephritis	present	clinically?
Although kidney involvement may be the first sign of SLE in an individual patient, lupus nephritis typically
becomes clinically apparent as a manifestation of the systemic disease. In the Systemic Lupus International
Collaborating Clinics classification criteria, patients with biopsy-proven lupus nephritis in the presence
of antinuclear antibodies (ANA) or antibodies to double-stranded DNA (anti-dsDNA) satisfy criteria for a
diagnosis of SLE. Some patients with lupus nephritis are asymptomatic, but classically patients will have a
variety of systemic manifestations including but not limited to the following:
• Cutaneous abnormalities
• Fever
• Malaise
• Weight loss
• Synovitis
• Raynaud phenomenon
• Serositis
• Pericarditis
• Retinopathy
• Thrombotic microangiopathy (TMA)
• Neuropsychiatric involvement
• Hematologic abnormalities

• Leukopenia
• Anemia
• Thrombocytopenia

Evidence of immunologic activity in the serum is usually present as ANA, anti-dsDNA and Smith
(anti-Sm), and hypocomplementemia (see Serologic Evaluation, further on). The pattern of clinical
activity varies between patients but characteristically is one of relapsing and remitting disease. Only
10% of patients with discoid lupus will develop SLE; if so, they seldom develop nephritis. Certain
medications, such as hydralazine or procainamide, may cause drug-induced systemic lupus, but they
are only rarely associated with lupus nephritis.

In patients with kidney involvement, presentation can range from subtle disease such as
asymptomatic microscopic hematuria and proteinuria on urinalysis with normal kidney function to
nephritic and/or nephrotic syndrome and rapidly progressive glomerulonephritis with kidney failure
and hypertension. Nephrotic syndrome is present in approximately 25% of patients during their
disease course. Microscopic hematuria is commonly associated with proteinuria and rarely found in
isolation. Kidney failure, defined by an elevated serum creatinine, is present in approximately 40%
of patients with lupus nephritis.
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	 4.	 If	my	patient	with	lupus	has	hematuria	or	proteinuria,	what	immunologic	serology	should	I	order	
to	determine	if	lupus	nephritis	is	present	or	active?
The only definitive way to determine if lupus nephritis is present or active is to perform a kidney biopsy. 
However, certain types of immunologic serology are useful to establish parameters of activity that can 
be helpful to diagnose SLE and/or monitor relapses or response to treatment. Serologic evaluation 
should include
• ANA
• anti-Smith (anti-Sm)
• anti-Sjögren Syndrome A antigen (anti-Ro/SSA)
• anti-Sjögren Syndrome B antigen (anti-La/SSB)
• antiribonucleoprotein
• anti-dsDNA
• Complement components
• Rheumatoid factor
• Antiphospholipid antibodies

This serology may be positive in a variety of diseases other than SLE, but anti-Sm is quite specific 
for SLE. Anti-dsDNA antibodies, when present, are strongly associated with lupus nephritis. Hypocom-
plementemia and anti-dsDNA antibodies will typically correlate with disease activity.

	 5.	 When	does	a	kidney	biopsy	need	to	be	performed	in	the	setting	of	SLE?
Any patient suspected of having lupus nephritis should be further evaluated with a kidney biopsy.  
This procedure is considered when abnormalities—such as protein, blood, or casts—are present on 
urinalysis, often coupled with abnormal serology or reduced kidney function. Severe involvement, 
such as nephrotic syndrome or nephritic syndrome with or without kidney failure, will require a kidney 
biopsy for further evaluation. Even when subtle abnormalities are present clinically (i.e., normal kidney 
function with or without hematuria and less than 1 g of proteinuria/day), severe lupus nephritis may 
be present on kidney biopsy. Thus a kidney biopsy should be performed to establish a diagnosis,  
determine prognosis, and guide therapy. Many patients may require more than one biopsy during  
their disease course. This procedure may be necessary to alter therapy, because the characteristics  
of lupus nephritis may change over time or to determine if there is late progression of the disease, 
which may not be amenable to further immunosuppressive treatment.

	 6.	 What	are	the	pathologic	features	of	lupus	nephritis?
The Renal Pathology Society/International Society of Nephrology (RPS/ISN) classification system di-
vides kidney biopsies into six groups based on pathologic features in the glomeruli (Table 32.1). The 
number of active and/or chronic (or inactive) lesions guides treatment and is important in determining 
the patient’s long-term kidney prognosis. Common active and chronic lesions in patients with lupus 
nephritis are listed in Box 32.1. Immunofluorescence is characterized by the presence of glomerular 
deposits of immune reactants that stain for IgG (dominantly), IgA, IgM, C3, and C1q (known as the 
“full house” pattern). Electron-dense deposits representing immune complexes are seen on electron 
microscopy in the mesangium and are found in the subepithelial and/or subendothelial locations. The 
presence of tubuloreticular inclusions in the glomerular capillary endothelial cell on electron micros-
copy is relatively specific for lupus nephritis.

Table 32.1. �The�International�Society�of�Nephrology/Renal�Pathology�Society�
Classification�of�Lupus�Nephritis

I Minimal mesangial lupus nephritis

II Mesangial proliferative lupus nephritis

III Focal lupus nephritis (,50% of glomeruli)

IV Diffuse lupus nephritis ($50% of glomeruli)

IV-S Diffuse segmental lupus nephritis (,50% glomerular surface area)

IV-G Diffuse global lupus nephritis ($50% glomerular surface area)

V Membranous lupus nephritis

VI Advanced sclerosing lupus nephritis
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Box 32.1. Active�and�Chronic�Histologic�Lesions�in�Patients�With�Systemic�Lupus�
Erythematosus

Active Lesions
Endocapillary hypercellularity or proliferation
Wire loops (subendothelial deposits)
Karyorrhexis
Fibrinoid necrosis
Crescents (cellular or fibrocellular)
Rupture of glomerular basement membranes

Hematoxyphil bodies
Hyaline thrombi (rare)

Chronic Lesions
Glomerular sclerosis
Adhesions
Fibrous crescents

	 7.	 Does	the	lupus	nephritis	classification	provide	information	on	treatment,	pathogenesis,	and/or
prognosis?
The RPS/ISN classification provides valuable information on how to treat patients with lupus nephritis.
Treatment of severe lupus requires aggressive immunomodulatory therapy. Severe lupus encom-
passes classes III, IV, and V (if it has concomitant features of III and IV). Pure mesangial (II) or pure
membranous (V) lupus typically require less aggressive immunomodulatory therapy. Class III and class
IV disease are further subdivided based on the inflammatory activity or chronicity of the lesions on
kidney biopsy. The World Health Organization (WHO) classification was commonly used prior to the
RPS/ISN classification. The advantage of the WHO classification is that it categorized information
about the pathogenesis of the lesions (i.e., immune complex–mediated or non-immune complex–
mediated). The WHO classification also helps delineate prognosis, because patients with severe lupus
nephritis have a worse prognosis than those with less severe disease. In addition, those with diffuse
proliferative lesions are generally more likely to achieve a remission and less likely to progress to
end-stage kidney failure than those with severe segmental lesions, but both have a much higher risk
of progression compared with mesangial or pure membranous disease.

	 8.	 What	nephropathology	occurs	in	patients	with	SLE	that	is	not	part	of	the	classic	lupus	nephritis?
Although glomerular inflammatory involvement is the prototypical example of lupus nephritis, the tubules,
interstitium, and vasculature of the kidney can also be affected.
• Tubulointerstitial disease: proximal tubular dysfunction and hyperkalemic renal tubular acidosis can

be seen in patients with lupus. Acute interstitial nephritis including active tubulitis (infiltration and
invasion of the tubules) can be seen with or without glomerular disease.

• Podocytopathy: the epithelial cells in the glomerular capillaries may become effaced, termed podo-
cytopathy, which typically gives rise to the dramatic onset of the nephrotic syndrome, similar to the
clinical presentation of minimal change disease.

• Antiphospholipid syndrome (APS): antiphospholipid antibodies (aPL) can be seen in up to 40% of
SLE patients, and about 50% of these patients can develop APS. APS is characterized by a combi-
nation of arterial and/or venous thrombosis in the setting of positive aPL. Thus patients are at risk
for renal artery stenosis and thrombosis, renal vein thrombosis, and renal infarction. Antiphospho-
lipid nephropathy (APSN) refers to the vascular lesions in glomeruli, small arteries, arterioles, and
interlobular arteries seen in patients with persistent aPL (with or without APS). TMA is the distinct
histologic finding in acute lesions. Chronic vascular lesions include arterial fibrous intimal hyperpla-
sia, arteriosclerosis, and organized thromboses. Kidney manifestations of APS can occur in the
presence or absence of lupus nephritis, and APSN can be associated with all classes of lupus
nephritis.

• Acute tubular necrosis and interstitial nephritis can be seen in patients taking nonsteroidal anti-
inflammatory agents for arthritis.

	 9.	 How	is	lupus	nephritis	managed?
Although the clinical presentation (signs, symptoms, serologic and urine tests) is an important part of
determining the therapy of lupus nephritis, the information gained from a kidney biopsy is the most
useful determinant of a treatment decision for this disease. The biopsy will differentiate severe active
lupus nephritis (diffuse or segmental proliferative glomerulonephritis with or without membranous
disease) from milder (mesangial glomerulonephritis) or inactive forms.

Treatment of severe active lupus nephritis (Box 32.2) is separated into an induction phase, of
which the goal is to induce a remission, and a maintenance phase, of which the goal is to main-
tain remission and prevent relapse. Because lupus nephritis is a rare and heterogeneous disease,
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Box 32.2. Immunomodulatory�Treatment�Options�for�Severe�Lupus�Nephritis

Induction
High-dose steroids (e.g., intravenous methylpredniso-

lone initially or oral prednisone 1 mg/kg not to ex-
ceed 80 mg daily, tapering at 4–8 weeks depending 
on response) plus one of the following:

Oral cyclophosphamidea 2 mg/kg daily (not to exceed 
150 mg daily) for 6–12 weeks. Dose to be adjusted 
based on white blood cell count

High-dose IV cyclophosphamidea 0.5–1.0 g/m2 body 
surface area (BSA) monthly for 6 months. Dose to 
be adjusted based on white blood cell count

Low-dose IV cyclophosphamidea 500 mg 
every 2 weeks for six doses. Dose to be adjusted 
based on white blood cell count

Oral mycophenolate mofetil 2–3 g daily in two divided 
doses for 6 months

Maintenance
Choices of maintenance therapy are as follows:
Oral mycophenolate mofetil 0.5–2 g daily in two divided 

doses with prednisone taper
Oral azathioprine 1–3 mg/kg daily with prednisone 

taper
Cyclosporine dosed 2–4 mg/kg daily to keep trough 

levels 75–200 ng/mL with prednisone taper
Low-dose prednisone is continued with goal to slowly 

taper off or to attain the minimal dose required to 
control symptoms

aDose adjustment for kidney dysfunction is recommended.

a standard treatment algorithm does not exist, and treatment is currently individualized. However,
based on evidence from clinical trials, the therapeutic options for the induction phase are high-
dose prednisone coupled with cyclophosphamide or mycophenolate mofetil (MMF). Cyclosporine
is another option for induction, typically when membranous glomerulonephritis is present. To date,
there is insufficient data to support the use of rituximab as initial induction therapy for severe lu-
pus nephritis. However, rituximab may be effective in patients with severe lupus nephritis with re-
fractory or relapsing disease. Plasmapheresis has been proven to be ineffective when added to in-
duction with cyclophosphamide and prednisone. The length of induction depends on the method of
administration and the response or side effects to the therapy but is typically from 2 to 12 months of
therapy. Therapeutic choices for the maintenance phase, which occurs after successful induction
and lasts several years (perhaps for life), include MMF, azathioprine, or rarely cyclosporine. Low-dose
prednisone is continued with goal of slowly tapering off or attaining the minimal dose required to
control symptoms.

Extrarenal manifestations and symptoms should be identified and treated appropriately. Use
of an angiotensin-converting enzyme inhibitor (ACEI) or angiotensin II receptor blocker (ARB) to
control blood pressure is essential. Managing sequelae of the nephrotic syndrome, such as
hyperlipidemia and edema, can be achieved with lipid-lowering agents and diuretics coupled with
a low-sodium diet.

	10.	 What	tests	are	useful	to	monitor	response	to	treatment?
Urine studies that should be routinely followed include a urinalysis (dipstick and microscopic evalua-
tion) to monitor for hematuria and proteinuria. The urine protein should also be routinely quantified,
because lack of improvement may be a sign of unresponsiveness. Serum chemistries, kidney function,
albumin, and immune serology (dS-DNA, complement components) should be assessed at every visit.

	11.	 What	is	the	typical	response	to	treatment?
There are many variables predictive of outcome, but with severe lupus nephritis and normal kidney
function, 60% to 85% of patients will achieve a complete or partial remission in 3 to 6 months with
induction therapy. This response rate is less likely with abnormal kidney function. Because kidney
function correlates directly with response to therapy, early diagnosis of lupus nephritis with a kidney
biopsy is imperative. Overall, about 10% of patients with lupus nephritis will progress to end-stage
kidney disease. Clinical factors associated with progression of kidney failure are:
• Failure to achieve an initial remission
• Nephrotic-range proteinuria
• Hypertension
• Anemia
• Anti-Ro/SSA antibodies
• African American or Hispanic ethnicity
• Crescents on the biopsy
• Severe lupus lesions with or without membranous nephritis
• Extensive tubulointerstitial disease (Box 32.3)
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Box 32.3. Factors�Predictive�of�Progression�to�Kidney�Failure�in�Lupus�Nephritis

Clinical Factors at Baseline:
Elevated serum creatinine
Hypertension
Nephrotic-range proteinuria
Anemia
Race: African American or Hispanic
Anti-Ro/SSA antibodies

Clinical Factors on Follow-up:
Delay in treatment
Frequency and severity of relapse
Failure to achieve complete or partial remission
Increasing serum creatinine

Histopathologic:
Severe lupus nephritis lesions

Membranous lesions with either focal or diffuse  
proliferative lesions have higher risk than isolated 
membranous lesions

Presence of crescents
Tubulointerstitial disease
High chronicity index
Thrombotic microangiopathy

	12.	 What	are	common	complications	of	immunomodulatory	therapy?
• Cyclophosphamide: gonadal failure, hemorrhagic cystitis, infection, bone marrow suppression, and

malignancy. Acrolein is an unsaturated aldehyde metabolite of cyclophosphamide that causes urotoxicity.
Long-term complications are generally correlated with a higher cumulative dose of cyclophosphamide;
thus prior exposure to cyclophosphamide needs to be taken into consideration.

• If possible, prior to initiation of treatment with cyclophosphamide, patients should be counseled
regarding the risks of treatment. The following should be considered as well:
• Patients interested in having children should be referred to a fertility specialist for cryopreservation

and consideration for gonadotropin-releasing hormone agonists (leuprolide).
• Hepatitis B, hepatitis C, and tuberculosis status should be screened prior to starting therapy

(infectious disease consultation may be needed in some patients).
• No specific cancer screening is currently recommended; however, age-appropriate cancer

screening should be completed.
• Pneumocystis jiroveci (PJP) prophylaxis is needed once therapy is started.
• Patients started on oral cyclophosphamide should be instructed to take the dose in the morning

and maintain adequate hydration (adjusted timing of the dose is needed if the patient works ex-
clusively during evening/night shifts). Mesna (2-mercaptoethane sodium sulfonate) has been
shown to reduce risk of cystitis in cancer patients receiving high-dose intravenous (IV) cyclo-
phosphamide or ifosfamide; however, this has not been extensively studied in patients with
rheumatologic diseases such as SLE. Thus, the use of Mesna remains nephrologist-dependent.
Microscopic hematuria, if present at disease onset, can persist during treatment. New-onset
microscopic and/or gross hematuria following cyclophosphamide treatment requires further
workup, including urologic consultation.

• MMF: gastrointestinal toxicity, such as early satiety, nausea, and diarrhea. In comparison to cyclo-
phosphamide, MMF treatment does not carry the risk of infertility. However, there remain the risks of
bone marrow suppression, infection, and neoplasia. PJP prophylaxis is not routinely given in patients
receiving MMF. MMF is associated with birth defects; female patients who may become pregnant
must be aware of this and should be on an effective form of birth control.

• High-dose prednisone: sequelae may include cushingoid features, weight gain, cutaneous changes
such as striae and acne, hypertension, osteopenia, and exacerbation of peptic ulcer disease. Long-
term complications include avascular necrosis and osteopenia.

	13.	 Are	there	gender	and/or	racial	differences	in	the	prognosis	and	treatment	of	lupus	nephritis?
SLE is much more common in female patients. The effect of increased estrogen has been hypothe-
sized to explain these gender differences. Although less common, several studies have demonstrated
a relatively higher prevalence of kidney disease in male patients. In a cohort of 315 patients
including 45 males, the male patients had lower remission rates, higher relapse rates, and worse
long-term kidney outcomes.

Patient survival is worse in African American patients with SLE as compared with other sub-
groups. Lupus nephritis is almost twice as frequent in African American patients and carries a poor
kidney prognosis. The incidence of ESKD is up to sevenfold higher among African Americans than
in any other subgroup. Predictors of ESKD in African American patients include high levels of serum
creatinine, the presence of anti-Ro antibodies, and severe segmental lesions on biopsy. Studies have
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also shown that Hispanic patients have worse outcomes as compared with non-Hispanic Caucasian 
patients.

In the Aspreva Lupus Management Study, there were differences in the treatment (induction) 
response across racial and ethnic groups. Specifically, more African American and Hispanic patients 
responded to MMF than to IV cyclophosphamide. Asian and Caucasian patients showed similar  
response rates to both MMF and IV cyclophosphamide.

	14.	 Is	there	a	role	for	plasmapheresis	in	SLE?
In patients with lupus nephritis, the addition of plasmapheresis to treatment with immunosuppressive 
agents has shown no proven benefit. However, plasmapheresis has been beneficial in patients with 
lupus cerebritis, SLE-associated thrombotic thrombocytopenic purpura, and diffuse alveolar hemor-
rhage. The American Society for Apheresis lists severe systemic lupus as a category II recommenda-
tion (accepted as second-line therapy, either as a stand-alone treatment or in conjunction with other 
modes of treatment), whereas lupus nephritis is listed as a category IV recommendation (disorders in 
which published evidence demonstrates or suggests apheresis to be ineffective or harmful).

	15.	 Is	it	advisable	for	my	patient	with	lupus	nephritis	to	get	pregnant?	How	should	pregnant	patients	
be	managed	differently?
Both SLE and lupus nephritis commonly occur in women of childbearing age. Women with lupus ne-
phritis have higher rates of maternal complications during pregnancy, including preeclampsia (difficult 
to distinguish from a lupus flare) and preterm delivery. Fetal complications are also more common, 
such as low birth weight or even fetal loss. Patients with antiphospholipid antibodies are prone to  
develop spontaneous abortions and fetal loss. Anti-Ro/SSA and anti-La/SSB antibodies can cross the 
placenta and cause cutaneous neonatal lupus and/or congenital heart block.

Prepregnancy counseling is recommended. The maternal-fetal risk of complication is lower in 
patients with normal kidney function, normal blood pressure, a lack of antiphospholipid antibodies, 
and inactive disease.

If pregnancy is a consideration or if it occurs, a multidisciplinary approach with an obstetrician 
who specializes in high-risk pregnancies is recommended. Assessment for lupus serology, protein-
uria, kidney function, and systemic and pulmonary hypertension is necessary. Medications should be 
carefully reviewed and, if possible, those that have high teratogenic potential should be discontinued 
in favor of those that have less. Medications used frequently that exhibit teratogenicity include cyclo-
phosphamide, MMF, ACEIs and ARBs, and hydroxymethylglutaryl-CoA (HMG-CoA) reductase inhibi-
tors. However, the outcome of the pregnancy is directly related to maternal health, and if severe  
lupus nephritis develops or flares during pregnancy, these medications may be considered so as to 
prevent the onset of kidney failure.

	16.	 Can	lupus	nephritis	recur	following	transplantation?
Yes. In transplanted patients with ESKD from lupus nephritis undergoing transplant biopsy for kidney 
failure, hematuria, or proteinuria, recurrent lupus nephritis can be present but rarely leads to graft  
loss unless there is concomitant chronic allograft nephropathy. In addition, based on the larger series, 
recurrent lupus nephritis does not have an impact on patient survival.

	17.	 How	often	will	patients	with	ESKD	from	lupus	nephritis	experience	extrarenal	flares?
Extrarenal flares were initially thought to be extremely infrequent once a patient starts dialysis, a 
process termed “burnout.” This may be related to the relative immunodeficiency of uremia and/or 
dialysis, or it may just characterize the progressive course of lupus. However, in general, patients 
receiving peritoneal dialysis do not experience fewer extrarenal flares, and modern epidemiologic 
studies have revealed a persistence of lupus activity, both symptomatically and serologically, in  
patients undergoing hemodialysis. This may be related to improved dialysis techniques and  
biocompatibility of dialysis membranes.

 1. A urinalysis should be performed on every patient with systemic lupus erythematosus (SLE) at 
each visit. Abnormal urinalysis should lead to an evaluation by a nephrologist. Immunologic  
serology for SLE and serum chemistries are also useful in determining whether lupus nephritis 
is present.

 2. Early diagnosis of lupus nephritis is imperative because kidney function at the time of biopsy 
correlates with remission.

KEY POINTS
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 3. A kidney biopsy can be performed to determine diagnosis, treatment, and/or prognosis. A biopsy 
can help differentiate between severe and mild lupus glomerulonephritis, which requires different 
therapy.

 4. Therapy of severe active lupus nephritis is with immunosuppressive medications. Prednisone,  
cyclophosphamide, mycophenolate mofetil, azathioprine, or cyclosporine are choices that may be 
used to induce or maintain remission.

 5. Because SLE and lupus nephritis frequently occur in women of childbearing age, special consider-
ations and counseling should be given prior to pregnancy if possible. A multidisciplinary approach 
is recommended.
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	 1.	 Which	of	the	vasculitides	are	most	often	associated	with	glomerular	disease?
The small-vessel vasculitides are most often associated with glomerular disease (Fig. 33.1). Immuno-
globulin (Ig)A vasculitis (Henoch-Schölein-purpura) and cryoglobulinemic vasculitis are associated with 
immune complex deposition. Pauci-immune glomerulonephritis demonstrates little to no immune depos-
its and is seen in the antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides, including gran-
ulomatosis with polyangiitis (GPA, formerly Wegener granulomatosis), microscopic polyangiitis (MPA),  
and eosinophilic granulomatosis with polyangiitis (EGPA, formerly Churg-Strauss syndrome), as well as  
kidney-limited pauci-immune necrotizing and crescentic glomerulonephritis (NCGN).

Polyarteritis nodosa (PAN), a medium-vessel vasculitis typically affecting medium-sized or small 
arteries and sparing arterioles, capillaries, and venules, does not cause glomerulonephritis but may 
cause ischemic kidney injury via inflammation of the larger kidney vessels.

	 2.	 What	features	distinguish	the	small-vessel	vasculitides?
The small-vessel vasculitides have significant overlap in their manifestations and affect small vessels 
including intraparenchymal arteries, arterioles, capillaries, and venules. Features that distinguish them 
have been used in proposed classification schemes:

GPA is associated with granulomatous inflammation that may affect the lower and upper respiratory 
tracts, often causing sinus symptoms, in addition to glomerulonephritis.

Immune complex small-vessel vasculitis
Cryoglobulinemic vasculitis

IgA vasculitis (Henoch–Schönlein)
Hypocomplementemic urticarial vasculitis

(anti-C1q vasculitis)

Medium-vessel vasculitis
Polyarteritis nodosa
Kawasaki disease

Large-vessel vasculitis
Takayasu arteritis
Giant cell arteritis

ANCA-associated small-vessel vasculitis
Microscopic polyangiitis

Granulomatosis with polyangiitis (Wegener)
Eosinophilic granulomatosis with

polyangiitis (Churg-Strauss)

Anti-GBM
disease

Figure 33.1. Distribution of vessel involvement by large-vessel vasculitis, medium-vessel vasculitis, and small-vessel 
vasculitis. There may be substantial overlap with respect to arterial involvement, and an important concept is that all 
three major categories of vasculitis can affect any size of artery. The diagram depicts (from left to right) aorta, large 
artery, medium artery, small artery/arteriole, capillary, venule, and vein. Anti-GBM, Anti-glomerular basement membrane; 
ANCA, antineutrophil cytoplasmic antibody; Anti-GBM, anti-glomerular basement membrane. (Modified and reproduced 
with permission from Jennette, J. C., Falk, R. J., Bacon, P. A., et al. (2013). 2012 revised International Chapel Hill  
Consensus Conference Nomenclature of Vasculitides. Arthritis & Rheumatology, 65, 1–11.)
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MPA also leads to necrotizing vasculitis of small vessels and often leads to glomerulonephritis as
well as pulmonary capillaritis and pulmonary hemorrhage. Notably, granulomatous inflammation is
absent.

EGPA also demonstrates granulomatous inflammation of small- and medium-sized vessels and
involves the respiratory tract. The distinguishing histologic feature is that of eosinophil-rich inflamma-
tion with peripheral eosinophilia. Patients also have associated asthma. ANCA are found in about 40%
of patients with EGPA compared with about 90% of patients with MPA, GPA, or pauci-immune NCGN.

IgA vasculitis (Henoch-Schölein purpura) demonstrates IgA1 immune deposits with vasculitis
affecting small vessels. In addition to glomeruli, skin and gastrointestinal involvement are common.
Patients often have arthralgias or arthritis.

Cryoglobulinemic vasculitis leads to skin and glomerular lesions with cryoglobulin immune depos-
its in affected small vessels. Neurologic involvement may also occur. Cryoglobulins may be present in
serum.

	 3.	 What	findings	in	the	urinalysis	suggest	kidney	involvement	from	vasculitis?
Microscopic hematuria, typically with dysmorphic red blood cells and red blood cell casts, suggests
kidney vasculitis. Proteinuria is often present but is usually subnephrotic. Inflammation in the form of
white blood cells in the urine may also be an accompanying feature.

	 4.	 What	serologic	markers	may	be	helpful	in	the	distinguishing	the	kidney	vasculitides?
Complement levels may be depressed in patients with cryoglobulinemic vasculitis and other vasculiti-
des, including systemic lupus erythematosus (SLE) and postinfectious glomerulonephritis. Comple-
ment levels are typically normal in the other small-vessel vasculitides. Although technically difficult to
measure, cryoglobulins can be directly measured in serum. Antinuclear antibodies suggest connective-
tissue-related disorders, such as SLE, and may be further distinguished by extractable nuclear antigen
panel testing. Patients with the small-vessel vasculitides (GPA, MPA, and EGPA) often have positive
anti-neutrophil cytoplasmic antibodies (ANCAs) directed to either myeloperoxidase (MPO, MPO-ANCA)
or proteinase 3 (PR3, PR3-ANCA). Anti-glomerular basement membrane (anti-GBM) antibodies are
detected in patients with anti-GBM disease whether limited to the kidney or associated with diffuse
alveolar hemorrhage.

There is a broad overlap in the clinical presentation of the various small-vessel vasculitides. In
addition, overlap syndromes can occur. For instance, one-third to one-half of patients with anti-GBM
disease will also have circulating ANCA, which is more often directed against MPO. In addition to the
clinical presentation and serologic studies, a kidney biopsy is usually indicated to provide a definitive
diagnosis and valuable information on the extent of glomerular injury and glomerular and interstitial
scarring.

	 5.	 What	is	the	relevance	of	ANCAs?
ANCAs are present in 90% of patients with pauci-immune glomerulonephritis, seen in GPA, MPA,
and kidney-limited disease. ANCAs are also present in about 40% of patients with EGPA. They are
typically absent in patients with PAN. Immunofluorescence is most sensitive to the detection of
ANCAs and demonstrates distinct patterns, either a cytoplasmic pattern (C-ANCA) or perinuclear
pattern (P-ANCA).

The antigen specificity of C-ANCA is usually directed to a neutrophil and monocyte protease
-proteinase-3 (PR3), while P-ANCAs are usually directed to myeloperoxidase (MPO). While both MPO
and PR3 may be seen in any of the described manifestations, MPO-ANCA (P-ANCA) is more common in
patients with MPA, and PR3-ANCA (C-ANCA) is more common in GPA. Approximately 40% of patients
with EGPA will manifest ANCAs, and may be directed to either MPO or PR3. Again, 10% of patients with
pauci-immune glomerulonephritis do not demonstrate ANCAs despite kidney biopsy findings consistent
with this diagnosis. MPO-ANCA and PR3-ANCA rarely coexist in a patient with idiopathic ANCA vasculi-
tis (,5%). The coexistence of high-titer MPO- and PR3-ANCA has been reported in patients with
drug-associated vasculitis, such as that associated with levamisole-adulterated cocaine.

Both in vitro and in vivo studies support a pathogenic role of ANCAs in vasculitis and glomerulo-
nephritis. Neutrophils and monocytes primed by inflammation express ANCA antigens near or on cell
surfaces. Interaction between these antigens and ANCAs activate neutrophils and monocytes, leading
to degranulation at the vessel wall and resulting in endothelial cell damage. In vivo, the transfer of
mouse anti-MPO IgG to MPO-competent mice results in NCGN and pulmonary vasculitis, which is
similar to the human disease, thus demonstrating the ability of these antibodies to confer disease.
This same mouse model has demonstrated a role for complement activation via the alternative
pathway in the pathogenesis of MPO-ANCA glomerulonephritis.
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Other antigens besides MPO and PR3 that interact with ANCAs have also been reported. ANCAs
directed to elastase have been reported in drug-induced ANCA vasculitis. Antibodies directed to lyso-
somal membrane protein-2 have also been reported, although their association with small-vessel vas-
culitis is controversial. In patients with inflammatory bowel diseases, ANCAs have also been described
directed to catalase, a-enolase, lactotransferrin, and bactericidal permeability-increasing protein.

	 6.	 Which	of	the	kidney	vasculitides	are	associated	with	pulmonary-renal	syndrome?
Pulmonary-renal syndrome describes the presentation of acute glomerulonephritis with alveolar hem-
orrhage, as demonstrated by radiographic demonstration of pulmonary infiltrates and varying degrees
of hypoxia, hemoptysis, and anemia. It is a life-threatening complication of small-vessel vasculitis.

The ANCA small-vessel vasculitides are the most common cause of pulmonary-renal syndrome.
Anti-GBM disease, or Goodpasture’s disease, may also present with pulmonary hemorrhage and con-
comitant rapidly progressive glomerulonephritis. This syndrome may also be seen in patients with SLE
and similar connective tissue diseases, IgA vasculitis (Henoch-Schölein purpura), and in cryoglobulin-
emic vasculitis.

Patients with this presentation should also be evaluated for other conditions accompanying kidney
failure that may have similar presentations, including pneumonia and pulmonary embolus.

	 7.	 What	primary	rapidly	progressive	glomerulonephritis	may	occur	in	conjunction	with	ANCA	glomer-
ulonephritis?
Anti-GBM disease (Goodpasture’s disease) may occur concurrently with ANCA small-vessel vasculitis.
About 45% of patients with anti-GBM disease also have positive ANCA testing, more commonly MPO-
ANCA. In patients with a history of anti-GBM disease who develop recurrent signs of disease, ANCA
testing should be obtained, even if originally negative, as relapsing anti-GBM disease is rare. The kidney
survival of patients with both antibodies appears to be worse than those with ANCA disease alone, but it
is better than those with anti-GBM disease alone.

	 8.	 What	are	the	histologic	findings	of	a	kidney	biopsy	in	patients	with	ANCA	vasculitis?
Kidney biopsy usually demonstrates the presence of focal segmental to global fibrinoid necrosis and
crescent formation affecting variable proportions of glomeruli. By both immunoflorescence and elec-
tron microscopy, glomeruli demonstrate few or no immune depositions, lending to the term pauci-
immune glomerulonephritis, and distinguishing ANCA vasculitis from other diseases that may pro-
duce similar features by light microscopy, such as anti-GBM disease or immune complex-mediated
glomerulonephritis (e.g., lupus nephritis). The glomerular lesions are usually associated with little or
no endocapillary proliferation.

	 9.	 What	drugs	have	been	implicated	in	inducing	ANCA	vasculitis?
The development of vasculitis with ANCAs has been associated with many agents. The most com-
monly implicated drug is the anti-thyroid medication, propothiouracil (PTU), with other thyroid agents,
including methimazole and carbimazole, also implicated. Other agents reported to be associated with
ANCA vasculitis include hydralazine, minocycline, allopurinol, phenytoin, and penicillamine, among
others. Both PTU and hydralazine are typically associated high-titer MPO antibodies, and the latter
also with antibodies directed to elastase and lactoferrin. Withdrawal of the offending agent is, at
times, sufficient to prompt resolution of the vasculitis, while, in some instances, immunosuppressive
therapy is necessary, depending on the severity of the presentation.

Levamisole, originally utilized as an anti-helminthic, has been used as an adulterant to “cut”
cocaine. Reports of vasculitis associated with the use of this agent have emerged over the last
decade with a severe presentation of vasculitis that may also present with necrotizing skin lesions,
glomerulonephritis, or pulmonary hemorrhage. Patients with levamisole-associated ANCA vasculitis
may often be “dual positive” for both MPO- and PR3-ANCA.

	10.	 What	are	the	medical	therapies	for	the	treatment	of	ANCA	vasculitis?
Treatment of the ANCA vasculitis centers on the use of immunosuppressive therapies. Initial therapy,
or induction, for organ-threatening or life-threatening disease involves the use of corticosteroids in
combination with either cyclophosphamide (a cytotoxic agent) or rituximab (a B-cell–depleting agent).
Compared to a regimen of daily oral cyclophosphamide, pulse intravenous cyclophosphamide is asso-
ciated with a similar rate of remission. Although it is associated with a higher rate of relapse, the
long-term patient and kidney survival are not significantly different between these two approaches.
The pulse intravenous cyclophosphamide regimen results in a significantly lower cumulative dose,
which is desired, as the long-term risk of cancer is commensurate with the life-long cumulative
exposure to this drug. In a landmark randomized, controlled, clinical trial, induction therapy with
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a combination of corticosteroids plus rituximab was not inferior to corticosteroids plus oral cyclophos-
phamide followed by azathioprine in patients with mild or moderately severe disease. However, data on
the use of rituximab in lieu of cyclophosphamide in patients with severe pulmonary hemorrhage or se-
vere kidney failure are relatively scant. In patients with relapsing ANCA vasculitis, the use of rituximab
was associated with a greater rate of remission, and avoids repeated exposure to cyclophosphamide.

For patients with non-organ- or non-life-threatening disease and well-preserved kidney function,
glucocorticoids in combination with methotrexate or mycophenolate mofetil have been studied for
induction therapy. Relapse rates may be higher with these agents, and they should not be used in
the setting of kidney dysfunction or pulmonary hemorrhage. The use of these agents is currently
supplanted by that of rituximab for induction therapy.

Following induction of remission after 3 to 6 months initial therapy, rituximab or azathioprine can
be used as maintenance therapy. In a trial of maintenance therapy, the use of rituximab 500 mg every
6 months was associated with a lower relapse rate than with azathioprine. Mycophenolate mofetil or
methotrexate (in patients with good kidney function) can also be considered for use as maintenance
therapy in patients who are intolerant to rituximab or azathioprine. No data is currently available to guide
the duration of maintenance therapy. Generally, maintenance therapy is suggested for 18 to 24 months
after a remission is attained.

Relapses of disease should be treated as new disease presentation, with corticosteroids com-
bined with cyclophosphamide or rituximab in the setting of severe disease. For those patients who
initially received cyclophosphamide therapy, the use of rituximab for relapse is favored to minimize
lifetime cumulative cyclophosphamide dose. Upon remission after relapse, the prior maintenance
therapy should be modified or intensified.

Disease that is refractory to corticosteroids and cyclophosphamide or rituximab may benefit from
the addition of the other agent (i.e., adding rituximab to patients who have received cyclophosphamide,
and vice versa), plamapheresis, or intravenous immunoglobulin. However, data for the use of these
measures in this fashion have been primarily in the form of case reports or case series.

	11.	 What	are	the	indications	for	the	use	of	plasma	exchange	therapy	in	the	treatment	of	ANCA
vasculitis?
Plasma exchange or plasmapheresis is thought to rapidly clear ANCAs, coagulation factors, and inflam-
matory cytokines that may be pathogenic in vasculitis. At present, plasma exchange is recommended
in addition to corticosteroids and cyclophosphamide for patients presenting with severe kidney failure
in the setting of rapidly progressive glomerulonephritis and/or those presenting with severe pulmonary
hemorrhage. The role of plasmapheresis as adjunctive therapy is not established for patients with less
severe disease. The use of plasmapheresis in ANCA vasculitis is the focus of a large ongoing clinical
trial (Clinicaltrial.gov PEXIVAS). Those patients also presenting with concomitant anti-GBM disease
(identified with kidney biopsy demonstrating linear IgM staining of glomerular basement membrane)
should receive early initiation of plasma exchange.

	12.	 What	is	the	prognosis	of	patients	with	ANCA	vasculitides?
Most patients with pauci-immune glomerulonephritis have a good response to present induction ther-
apy, with nearly 85% achieving remission. With corticosteroids and cyclophosphamide, overall survival
rates at 1 and 5 years are 85% and 75%, respectively. Mortality is significantly greater in older pa-
tients, reaching approximately 23% at 1 year for those over the age of 60 and nearly 44% for those
over the age of 70. The presence of diffuse alveolar hemorrhage is associated with an 8-fold risk of
death, whereas the serum creatinine level at presentation is the major predictor of kidney outcome.
Although pulmonary hemorrhage is a major cause of death in the early weeks after presentation, the
major causes of “late” death are infections and cardiovascular disease.

Patients who present with severe kidney failure have a decreased chance of recovering kidney
function compared to those with better-preserved GFR. Histopathologic chronicity index score and
baseline estimated glomerular filtration rate (greater than or less than 10 mL/min per 1.73 m2) were
associated with treatment response by 4 months. However, there was no identifiable threshold of
kidney function at presentation or histopathologic chronicity index score below which treatment could
be deemed futile. Among patients who remain dialysis-dependent at 4 months, only 5% subsequently
recover kidney function. In the absence of extra-kidney active vasculitis, the risks of continued immu-
nosuppressive therapy beyond 4 months likely outweigh any potential benefit.

Relapsing disease, unfortunately, occurs in almost 50% of patients at 5 years; most respond to
therapy but do receive recurrent exposure to immunosuppression and cytotoxic agents. Approximately
20% of patients that survive initial disease presentation eventually will go on to develop end-stage
kidney disease (ESKD).
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	13.	 Which	features	are	associated	with	an	increased	risk	of	relapse	of	the	ANCA	vasculitis?
Patients with PR3-ANCA are more than 1.5 times as likely to relapse when compared to those with  
MPO-ANCA. Additionally, pulmonary involvement has been associated with higher rates of relapse. Upper 
airway involvement has also been implicated as a risk factor for relapse, which was linked to the nasal 
carriage of Staphylococcus aureus, which is also suggested as a risk factor for relapsing disease. Al-
though increases in PR3-ANCA or MPO-ANCA levels are generally associated with an increased likelihood 
of subsequent relapse, such relapses occur in a minority of patients within 12 months. It is currently not 
recommended to increase or resume immunosuppressive therapy based on an increase in ANCA titer 
alone, in the absence of clinical signs or symptoms of active ANCA vasculitis.

	14.	 What	is	the	recurrence	rate	of	ANCA	disease	following	kidney	transplantation?
Recurrent ANCA vasculitis may occur following kidney transplantation despite anti-rejection therapy. 
However, the rate of recurrence is low, reported at 0.02 per patient-years, and does not seem to be 
influenced by the disease phenotype, the ANCA serotype, or the duration of remission for more or less 
than a year prior to transplantation. Whether a positive ANCA test alone at the time of transplantation 
(in the absence of clinical signs of active vasculitis) is associated with a greater risk of relapse remains 
uncertain, and was not associated with decreased graft survival. In such a circumstance, the risk of 
relapse should be weighed against the morbidity and risk of mortality associated with ESKD.

	15.	 Is	venous	thromboembolism	(VTE;	deep	venous	thrombosis	or	pulmonary	embolus)	a	concern	in	
patients	with	ANCA	disease?
Venous thrombosis is an increasingly recognized complication of ANCA vasculitis. A higher rate of 
events has been reported in both PR3- and MPO-ANCA disease, with about 10% of patients develop-
ing symptomatic VTE and an incidence of approximately 7 events/100-person years. VTE events  
appear to occur more frequently at time of active disease. The pathogenesis of VTE in this population  
remains unclear, but there is speculation that ANCA disease may induce endothelial damage and  
hypercoagulability.

	16.	 What	is	associated	risk	of	malignancy	for	ANCA	patients	treated	with	cyclophosphamide?
The increased risk for cancer among ANCA patients treated with cyclophosphamide has been relatively 
well established. The most current data have demonstrated an increased risk for non-melanomous skin 
cancers, bladder cancer, and acute myelogenous leukemia (AML). Both bladder cancer and AML appear 
to occur primarily among those treated with a cumulative cyclophosphamide dose .36 g and have a 
latency period of 7 years or more.

Additionally, bladder and skin cancers seemed to present more commonly among those treated 
with azathioprine of mycophenolate mofetil maintenance therapy.

 1. Microscopic hematuria, typically with dysmorphic red blood cells and red blood cell casts, suggests 
kidney vasculitis.

 2. Anti-neutrophil cytoplasmic autoantibodies, or ANCA, are present in 90% of patients with pauci- 
immune glomerulonephritis, seen in GPA, MPA, and kidney-limited disease.

 3. Anti-GBM disease, or Goodpasture’s disease, may occur concurrently with ANCA small-vessel vasculitis.
 4. Induction therapy in ANCA vasculitis consists of a combination of corticosteroids and cyclophospha-

mide or rituximab.
 5. In ANCA vasculitis, plasma exchange is currently recommended in addition to corticosteroids,  

and cyclophosphamide or rituxumab for patients presenting with advanced kidney failure and/or 
pulmonary hemorrhage.

 6. A higher rate of VTE has been reported in ANCA disease, with about 10% of patients developing 
symptomatic events, particularly at the time of active disease.

 7. ANCA patients treated with cyclophosphamide demonstrate an increased risk for non-melanoma 
skin cancers, bladder cancer, and acute myelogenous leukemia (AML).

KEY POINTS
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	 1.	 Wasn’t	this	category	previously	called	postinfectious	glomerulonephritis	(PIGN)?
There has been considerable effort to reclassify glomerular diseases that occur as a result of an
infection. PIGN describes a unique clinical and pathogenic sequence of events that lead to an immune
complex–mediated glomerulonephritis after resolution of an acute infection. Specifically, the acute
glomerulonephritis develops after (post) a latent period of variable duration from the time the infection
has completely cleared. Since the infection has completely resolved, antibiotic therapy is ineffective
for treating the kidney disease. The only infection known to cause this scenario of events is
streptococcal disease. Therefore the category of PIGN is better termed poststreptococcal
glomerulonephritis (PSGN), as no other microorganism leads to this pathologic phenomenon.

Compared with PSGN, all other infections (viral, bacterial, and fungal) can be “associated” with
the development of glomerulonephritis through a separate pathogenic pathway. For these infections,
the onset of glomerulonephritis is almost synchronous with the presence of active infection, and the
immune complexes are completely dependent on the availability of ongoing antigenemia generated from
the infection. In this circumstance as opposed to PSGN, eradication of the infection through antibiotic
therapy will halt the ongoing immune complex deposition in the kidney. Staphylococcal-associated
acute glomerulonephritis (SAAG) is now as common as PSGN in adults and represents the classic
example of this paradigm of infection-associated glomerulonephritis. It is essential to understand the
differences between PSGN and SAAG not only in regard to pathophysiology but more importantly in
regard to therapeutic intervention. Key points in differentiating PSGN from SAAG and other glomerular
diseases are shown in Table 34.1.

	 2.	 Does	the	site	of	infection	or	strain	of	streptococcal	infection	affect	whether	a	patient	will	develop
PSGN?
Infections at any site in the body have the potential to cause PSGN. Since the original description
of this disease appeared after an episode of streptococcal pharyngitis, most physicians primarily
associate this site of infection with the development of PSGN; they may not be aware that skin
infections, pneumonia, visceral abscesses, urinary tract infections, periodontitis, and endocarditis
as a result of streptococcal infection can also lead to the same kidney lesion. The important point
to keep in mind is that it is not the location of the streptococcal infection that is important, but rather
infection with a specific nephritogenic strain.

Certain nephritogenic group A beta-hemolytic streptococcal strains cause kidney disease only
after an upper respiratory infection, whereas other nephritogenic strains are exclusive to the
development of glomerulonephritis after skin infections.

	 3.	 What	is	the	typical	time	for	presentation	of	PSGN	after	an	infection?
The course of PIGN has been well documented for both pharyngitis and skin infections. Typically
kidney disease begins 7 to 14 days after the onset of streptococcal pharyngitis, whereas it takes
about 21 days or longer for the development of glomerulonephritis after a skin infection such as
impetigo. The onset of glomerulonephritis after infection in other sites of the body also follows a
course of between 2 and 4 weeks postinfection. These time patterns are critical because the infection
has healed and been forgotten; only later on does the patient present with kidney disease. A careful
history and laboratory workup (described later) may help identify the cause of the kidney disease and
the unrecognized existence of a preceding streptococcal infection. During community outbreaks of
group A beta hemolytic streptococcal infection, the incidence of PSGN ranges between 5% and 10%
for upper respiratory infections to 15% to 25% for skin infections.
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Table 34.1. �Clinical�and�Pathologic�Features�of�Infection-Related�Glomerular�Diseases

PSGN SAAG IGA NEPHROPATHY C3 GLOMERULOPATHY

Location of infection Pharyngitis
Skin

Skin
Lung
Urinary tract

Pharyngitis Pharyngitis

Latent period Pharyngitis: 7–14 days
Skin: 14–21 days

None None None

Primary histology on  
kidney biopsy

Diffuse proliferative and exudative
glomerulonephritis

Diffuse proliferative and exudative
glomerulonephritis

Mesangial proliferative  
glomerulonephritis

Membranoproliferative  
glomerulonephritis

Site of immune deposits Subepithelial
Some subendothelial and mesangial

Subepithelial
Some subendothelial and mesangial

Mesangial Subendothelial
Mesangial
Intramembranous
Subepithelial

Serum complement Low C3 Primarily low C3 but often with both 
low C3 and C4

Normal Low C3

Immunofluorescence IgG and C3
“Starry sky” or “garland” pattern

IgA dominant
C3 and IgG in lower intensity

IgA and C3 C3

Treatment None—spontaneous resolution Antibiotics Variable protocols of  
immunosuppression

Variable—centered on  
immunosuppression— 
complement inhibition

PSGN, Poststreptococcal glomerulonephritis; SAAG, staphylococcal-associated acute glomerulonephritis; URI, upper respiratory illness.
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	 4.	 How	does	PSGN	present	clinically?
A wide variety of clinical presentations can occur with PSGN, but most children with transient 
microhematuria (dysmorphic red cells) remain asymptomatic. However, full-blown nephritic syndrome 
even with nephrotic-range proteinuria can occur. Kidney function is often significantly impaired, with 
concomitant hypertension and peripheral/pulmonary edema. Severe, uncontrolled hypertension is a 
common feature in patients with acute PSGN and requires immediate control and management. Many 
patients with PSGN present with “dark or tea-colored” urine due to gross hematuria. The color is 
indicative of the effect of pH on the free hemoglobin molecule, with alkaline urine being more bright 
red and acidic urine being a darker brownish hue.

	 5.	 What	laboratory	findings	are	characteristic	of	PSGN?
The development of glomerulonephritis results from immune complex deposition in the basement 
membrane of the glomerulus, leading to loss of the filtration area and increased permeability to protein. 
These immune complexes consist of an antigen from the infection and usually an immunoglobulin G 
(IgG) antibody. The damage to the basement membrane from these complexes is often a result of local 
complement activation exclusively through the alternative pathway. This pathway leads to C3 cleavage 
and then the production of the membrane attack complex C5-9. Bypassed in this pathway is the 
activation of C4, which is used only in activation of the classic complement pathway. Therefore when 
PSGN is suspected, the measurement of serum complement both C3 and C4 is crucial. In PSGN, the  
C3 level will be low, but the C4 level will typically be normal. If both C3 and C4 are low, the diagnosis 
of PSGN is suspect, and another source of immune complexes—such as SAAG, cryoglobulinemia, or 
systemic lupus erythematosus—may be present that activates the classic complement pathway.

Microbiologic and radiologic tests for infection are frequently negative but should still be done. 
These studies include a chest x-ray as well as blood, sputum, pharyngeal, and urine cultures in 
addition to a careful examination of the skin, anogenital region, and oral cavity for signs of 
inflammation. If a streptococcal infection is suspected, specific serologic assays are available, such  
as the anti-streptolysin O (ASO) titer. However, this test may be falsely negative and lacks the 
sensitivity to be used as a stand-alone test for streptococcal infection. A more sensitive screen for a 
recent streptococcal infection is the streptozyme test, which includes five different antibodies that 
develop to this infection. These include ASO titer, antihyaluronidase (AHase), antistreptokinase, anti–
nicotinamide adenine dinucleotidase, and anti-DNAse B antibodies. This test is important because the 
source of the streptococcal infection will determine what pattern of antibodies will develop; for skin 
infections, only the anti-DNAse and AHase are positive, whereas for a pharyngeal infection, all five 
antibodies are usually present in various concentrations. An ASO test alone would miss the previous 
presence of a streptococcal skin infection.

	 6.	 What	does	the	kidney	biopsy	show	in	PSGN?
The most common histology seen with all forms of PSGN is diffuse proliferative glomerulonephritis with 
significant endocapillary proliferation. By light microscopy, this lesion is characterized by involvement of 
almost all glomeruli, with an influx of neutrophils into the glomerular capillaries and a proliferation of the 
capillary endothelial cells. The capillary lumens are virtually obliterated, reducing the area for ultrafiltration, 
which leads to a loss of glomerular filtration rate (GFR). By electron microscopy, the etiology for the 
inflammation is seen by the presence of immune complexes in the subepithelial space. The subepithelial 
deposits are often called “humps” because they protrude outward on top of the basement membrane. The 
presence of these immune complexes results in a “granular” appearance by immunofluorescence using 
IgG and C3, with additional terminology for this phenomenon being “starry sky” or “garland” patterns.

Additional immune deposits can be noted in the subendothelial space and mesangium. It should 
be noted that a kidney biopsy is usually not done in straightforward cases of PSGN because the 
treatment will not differ (as noted later). A kidney biopsy is recommended only for those atypical 
cases where the clinical and laboratory features are not compatible with PSGN.

	 7.	 Is	there	any	treatment	for	PSGN?
The treatment for PSGN is primarily supportive because the infection is no longer present and the 
immune complex deposition in the kidney resolves spontaneously over time. For supportive therapy, 
the major focus is on blood pressure and volume control. Importantly, the tubules are relatively 
unaffected by the glomerular disease, and there is a sodium-avid state that accompanies the 
glomerular inflammation. The absorption of sodium and water leads to significant volume overload 
and salt-sensitive hypertension. Therefore in addition to the use of regular antihypertensive 
medications along with salt and water restriction, the early inclusion of loop diuretics is particularly 
efficacious in PSGN.
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The use of steroids or more aggressive forms of immunosuppression for PSGN has not been
shown to alter the natural history of the disease and exposes the patient to the potential short- and long-
term risks of immunosuppression. The only exception to this rule is the presence of severe crescentic
glomerulonephritis. This subset of PSGN includes the standard features of diffuse proliferative
glomerulonephritis coupled with the presence of crescents that arise from the parietal epithelium.
Often these patients have been treated with bolus steroids, and there are anecdotal reports of the use
of cytotoxic therapy, but there are no well-designed studies supporting the benefit of these therapies.

	 8.	 Do	patients	eventually	go	into	remission	or	is	there	evidence	for	permanent	kidney	injury	after
PSGN?
The recovery of the kidney from PSGN follows a different time sequence when looking at the GFR,
hematuria, and proteinuria. Of note, the acute kidney injury begins to improve within 1 to 2 weeks of
onset and the serum creatinine returns to its baseline level after 3 to 4 weeks. This improvement in
GFR usually parallels the clearance of infiltrating neutrophils in the glomerulus and the decrease in
the proliferation of endothelial cells.

The proteinuria in PSGN is a result of the subepithelial immune complexes and will improve only
as these complexes are removed. As a result of their location, these immune complexes are cleared
very slowly, and proteinuria may persist for months or years after the initial episode. The hematuria
seen in PSGN is a result of the subendothelial immune complexes, and these are more rapidly
removed from the basement membrane. Consequently, hematuria will resolve within 3 to 6 months.
Complement levels of C3 should return to normal within 6 weeks after the onset of kidney disease. It
is recommended that failure to resolve the hematuria or proteinuria or normalize the C3 level should
warrant a biopsy to determine if a kidney disease other than PSGN is present.

The risk of developing chronic kidney disease and eventually end-stage kidney disease from
PSGN is extremely low in children. In adults, however, this can be seen in a minimum of 10% to
15% of cases, especially in third-world countries, where impaired nutrition may lead to immune
dysregulation and progressive kidney injury.

	 9.	 How	does	SAAG	present	compared	with	PSGN?
In direct contrast to PSGN, SAAG presents almost simultaneously with an active staphylococcal
infection. There are no specific nephritogenic strains of staphylococci, but most cases are associated
with Staphylococcus aureus. Moreover, compared with PSGN, few cases of SAAG develop following an
upper respiratory infection; the most common sites of staphylococcal infection are skin, lung, heart,
urinary tract, and viscera.

SAAG affects older adults with preexisting morbid conditions such as diabetes or malignancy; it
rarely, unlike PSGN, presents in children.

SAAG, like PSGN, presents with the nephritic syndrome, with the nephrotic syndrome being
described infrequently. Gross hematuria can also be seen in both syndromes.

	10.	 What	does	the	kidney	biopsy	show	in	SAAG?
By light microscopy it may be difficult to distinguish PSGN from SAAG, as both present with a diffuse
exudative glomerulonephritis with extensive neutrophilic infiltrate. The key histologic finding in SAAG is
seen on immunofluorescence, which demonstrates predominant IgA staining at the site of the deposits.
IgG may also be present, but it is often overshadowed by the IgA staining. Other infections causing
glomerulonephritis may be associated with a predominant IgA response, but S. aureus accounts for the
vast majority of these cases. In some instances, only C3 is present on immunofluorescence, which can
confuse the differential diagnosis by adding C3 glomerulopathy.

Electron microscopy shows subepithelial deposits similar to PSGN as well as scattered sub-endothelial
and mesangial deposits. Both SAAG and PSGN share similar findings on electron microscopy.

	11.	 What	serologic	tests	should	be	done	to	diagnose	SAAG?
There are no tests similar to the streptozyme analysis for the diagnosis of staphylococcal infections.
The key to diagnosis is to document by blood, urine, sputum, or aspiration sample a positive culture
for staphylococcal infection in the setting of acute glomerulonephritis. The activation of the complement
pathway is present in 82% of cases, with the alternate pathway (low C3) being the most common, but
activation of the classic pathway (low C3 and C4) can also be found.

	12.	 What	is	the	treatment	and	long-term	prognosis	of	SAAG?
Since SAAG is a result of active infection, appropriate selection of antibiotic therapy is the key to
stopping the ongoing antigenemia that is fueling the production of immune complexes. The use of
immunosuppressive therapy would be absolutely contraindicated, given the fact that these patients
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are actively infected with Staphylococcus and that sepsis could ensue if their immune systems were 
compromised.

The immune complexes in PSGN are short-lived and often resorb without long-term sequelae. In 
SAAG, depending on the timing and elimination of the bacteria, significant residual kidney disease is 
often present in more than 50% of patients. This consists of proteinuria, hematuria, and a persistently 
lower GFR, with some patients progressing to dependence on dialysis. Advanced age and the presence 
or absence of diabetes play major roles in determining the outcome of SAAG.

	13.	 When	glomerulonephritis	follows	an	upper	respiratory	illness	(URI),	are	any	other	differential	diagnoses	
important	to	consider,	other	than	PSGN	or	SAAG?
One of the most difficult diagnostic situations occurs when patients develop kidney disease after a URI. 
In addition to PSGN and rarely SAAG, there are two important differential diagnoses to consider: IgA 
nephropathy and C3 glomerulopathy. As previously discussed, PSGN occurs approximately 7 to 14 days 
or more after the infection has started, and there may not be any evidence of the URI at the time kidney 
disease develops. Alternatively, IgA nephropathy is called “synpharyngitic” because it is exacerbated at 
the time of the URI, usually within the first few days of onset. It is at this time that the patient will 
present with gross hematuria, hypertension, and signs of acute kidney injury, such as edema.

Clinically, IgA nephropathy relapses during the episode of URI and then settles back to a 
background level of low-grade microhematuria and nonnephrotic proteinuria. Many patients have had 
unsuspected IgA nephropathy prior to the onset of the URI, and it was the gross hematuria from the 
exacerbation of IgA nephropathy that brought the patient to the physician. The serum complement 
levels are normal in IgA nephropathy, whereas they are low in PSGN and SAAG, and the biopsy shows 
a predominant mesangial proliferative histology and not the diffuse proliferative exudative lesion seen 
with PSGN and SAAG.

C3 glomerulopathy is an immune complex disorder with activation of the alternate pathway of 
complement (low C3). It can be exacerbated by a URI but is usually present persistently in noninfected 
patients. The histology of C3 glomerulopathy is a membranoproliferative pattern with more mesangial 
and subendothelial deposits and basement membrane duplication, which are not the typical patterns 
seen in PSGN and SAAG. C3 levels remain consistently low compared with SAAG and PSGN, where 
the levels eventually return to normal with resolution of the kidney lesion.

 1. Postinfectious glomerulonephritis (PIGN) describes a unique sequence of events consisting of an  
infection followed by complete resolution with a subsequent latent period of 1 or more weeks before 
the development of an immune complex–mediated glomerulonephritis. Only streptococcal infections 
can conclusively cause this pattern; therefore the term poststreptococcal glomerulonephritis (PSGN) 
is preferred over PIGN. However, the two terms can be used interchangeably.

 2. The course of PSGN begins 7 to 14 days after the onset of streptococcal pharyngitis, whereas it 
takes about 21 days for the development of glomerulonephritis after a skin infection.

 3. The use of steroids or more aggressive forms of immunosuppression for PSGN has not been 
shown to alter the natural history of the disease and exposes the patient to the potential  
short- and long-term risks of immunosuppression.

 4. In older adults, staphylococcal-associated acute glomerulonephritis (SAAG) is more common than 
PSGN, especially after skin and lung infections, with Staphylococcus aureus being the primary 
species cultured.

 5. SAAG occurs coincident with the active infection, and there is no latent period.
 6. Complement activation of the alternate pathway is found in both PSGN and SAAG.
 7. Diffuse proliferative and exudative glomerulonephritis with subepithelial and scattered subendothelial 

and mesangial deposits is seen with both PSGN and SAAG.
 8. IgA-dominant immunofluorescence is seen exclusively with SAAG and not with PSGN.
 9. The immunofluorescent pattern in both SAAG and PSGN is described as a “garland” or “starry 

sky” appearance because of the subepithelial deposits.
 10. SAAG has a significantly worse prognosis than PSGN, with more than half the patients developing 

chronic kidney disease or requiring dialysis.
 11. The treatment of SAAG is strictly antibiotic therapy—immunosuppression is contraindicated due 

to active staphylococcal infection.

KEY POINTS
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	 1.	 What	types	of	viral	hepatitis	are	associated	with	glomerulonephritis?
Chronic carriers of hepatitis B (HBV; 400 million people worldwide) or hepatitis C (HCV; 170 million
people worldwide) are at increased risk of developing a variety of glomerular diseases linked directly
to active viral replication. By definition, a carrier state for these viruses would be characterized by a
positive quantitative polymerase chain reaction (PCR) assay.

For HBV, the common serologic markers used for identification of a chronic carrier state includes
the presence of circulating hepatitis B surface antigen (HbsAg) and in some cases hepatitis
B e antigen (HbeAg) and the absence of hepatitis B surface antibody (HbsAb). For HCV, the most
common initial screening test is the enzyme-linked immunosorbent assay (ELISA) for hepatitis C IgG
antibodies. In stark contrast to the importance of HbsAb as an indicator of previous exposure and their
absence during a chronic carrier state for HBV, the presence of HCV ELISA antibodies usually means
the presence of active viremia, since this HCV antibody is non-neutralizing.

Importantly, here is a small subgroup of patients (5% to 7%) who do not mount an antibody
response to HCV, yet are chronic carriers by PCR. This is especially true for patients with end-stage
kidney disease; therefore if a kidney lesion is suspicious for HCV related-glomerulonephritis, then a
PCR should be done even if the ELISA is negative.

	 2.	 Are	the	usual	measurements	of	the	glomerular	filtration	rate	(GFR)	and	proteinuria	applicable	to
patients	with	chronic	hepatitis?
We know that the serum creatinine concentration results from the metabolism of creatine, which is a
nitrogenous organic acid stored in muscles, which functions as an energy-providing catalyst. There
are two sources of creatine: endogenous liver production and exogenous oral ingestion. About half the
creatine comes from each source, which is extremely important when it comes to evaluating kidney
function in patients with chronic hepatitis. Most patients who are chronic carriers of either hepatitis B
or C have significant inflammatory injury to the liver and may even have various stages of cirrhosis.
Creatine production in the liver will be significantly reduced, and this will lead to a lower serum
creatinine. In the presence of cirrhosis, the synthesis of creatine can be reduced by more than 50%,
and the oral intake of creatine will also be reduced as a result of malnutrition in these patients. The
typical serum creatinine is usually 0.5 to 0.6 mg/dL in patients with cirrhosis, which is well below the
normal for the general population (1.2 mg/dL for women and 1.5 mg/dL for men). Patients with liver
disease of any cause, not just HCV or HBV, can have significant loss of GFR with a serum creatinine
level within “the normal range” for the general population.

For this reason, all physicians managing patients with chronic hepatitis should be cautious in
interpreting kidney function using serum creatinine and should consider monitoring kidney function
with either a 24-hour creatinine clearance or an estimated GFR (eGFR). The eGFR is calculated using
the Chronic Kidney Disease Epidemiology Collaboration (CKD EPI) formula, and is always included on
all automated reports that have a serum creatinine.

The use of cystatin C to measure the GFR in place of the serum creatinine may be of value,
especially in patients with cirrhosis, since it is not affected by muscle mass, bilirubin levels, gender,
or age. However, cystatin C is affected by albumin levels and by an inflammatory state, both of which
are present in cirrhotic patients. While creatinine-based formulas have overestimated GFR in cirrhotic
patients, cystatin-C-based formulas have consistently underestimated the GFRs. Studies have
introduced a modified CKD-EPI formula that incorporates both the serum creatinine and cystatin C
levels together, and this has shown to be superior in estimating the GFR compared to either
creatinine-based or cystatin-C-based formulas alone.

In addition, all patients who are chronic hepatitis carriers should be screened for proteinuria.
A random urine protein/creatinine ratio or a 24-hour urine protein collection is an equally valid way to
quantify the degree of proteinuria. In patients with severe jaundice, the colorimetric dipstick may give
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Table 35.1. Kidney Lesions Caused by Hepatitis B

HBeAg 1
HBsAg 1

HBeAg 2
HBsAg 1

HBeAg 2
HBsAg 1

HBeAg 2
HBsAg 1

Kidney lesion Membranous  
nephropathy

Membrano-
proliferative  
glomerulonephritis

Polyarteritis
Nodosa

IgA 
Nephropathy

Location of im-
mune complexes

Sub-epithelial 
space

Sub-endothelial 
space

Blood vessel wall
Medium size

Mesangium

HBeAg, Hepatitis B e antigen; HBsAg, hepatitis B surface antigen; IgA, immunoglobulin A.

false readings for protein because of the bilirubin pigment in the urine, so every positive urine dipstick 
test for protein should be confirmed with a quantitative measurement.

	 3.	 What	types	of	glomerular	lesions	are	seen	with	a	chronic	hepatitis	B	carrier	state?
The most common glomerular pathology seen with HBV carriers is membranous nephropathy  
(MN; Table 35.1). These patients can also develop an immune complex form of polyarteritis nodosa, 
membranoproliferative glomerulonephritis (MPGN), IgA nephropathy, and focal segmental 
glomerulosclerosis (FSGS).

	 4.	 How	does	HBV	cause	each	of	these	types	of	kidney	disease?
The most common lesion seen worldwide with chronic HBV is MN. This lesion is a result of the 
formation of immune complexes in the sub-epithelial space of the basement membrane of the 
glomerulus forming “spikes” on electron microscopy similar to idiopathic MN, and demonstrates the 
classic “granular” immunofluorescence pattern with IgG and C3. The immune complex located in the 
sub-epithelial space most likely represents a sequential deposition of antigen followed by attachment 
by antibodies (as opposed to the circulating antigen–antibody complex being deposited in the sub-
epithelial space). The only antigen that consistently fits the size limitation to deposit in this area of the 
basement membrane is HbeAg. Consistent with that observation is the fact that the vast majority of 
patients with chronic HBV who develop MN are positive for the HbsAg.

For HBV carriers who are HbsAg positive but HbeAg negative, the kidney lesion is usually not MN 
but MPGN, because the HbsAg is too large to deposit in the sub-epithelial space and is restricted to 
the sub-endothelial location. The subsequent local inflammation leads to cellular proliferation and 
histologically appears as Type I MPGN.

IgA nephropathy may result from three separate etiologies in HBV patients:
 1. Since the liver is responsible for the metabolism of immunoglobulin A (IgA), in the presence of 

significant liver injury, the circulating levels of IgA increase and may deposit in the kidney. These 
complexes first embed in the mesangium, but may also be in the peripheral capillary loops. 
Clinically significant kidney disease from this “secondary” deposition of IgA in the glomeruli in any 
patient with liver disease regardless of etiology is extremely rare.

 2. IgA antibodies have been shown to co-localize with HBV antigens in the mesangium, indicating 
HBV can directly cause IgA nephropathy.

 3. Because HBV is present worldwide, especially in Asia where IgA is extremely prevalent, it is 
possible that HBV and IgA can occur independent of each other in certain populations.

Polyarteritis nodosa is a necrotizing vasculitis of medium-sized vessels that is not a direct form 
of glomerulonephritis. Rather, it affects the inflow circulation of the kidney and, as a result of fibrinoid 
necrosis and thrombosis of the larger muscular arteries of the kidney, there is severe hypertension, 
glomerular ischemia, and progressive kidney failure. The etiology for the vasculitis is the presence of 
HbsAg-antibody-immune complexes in the blood vessel walls, causing local complement activation 
and necrosis. The presence or absence of HbeAg is not important in the genesis of this lesion.

Finally, reports have shown a higher than expected incidence of FSGS in patients with chronic 
HBV. Because there are no immune complexes in the kidney with FSGS, it is not clear why this 
pathologic entity develops. Some studies have shown that HBV may enter and deposit in kidney  
tissue and through unknown mechanisms lead to FSGS.

	 5.	 Can	you	determine	the	specific	kidney	disease	without	a	kidney	biopsy	in	patients	with	chronic	HBV?
Ultimately, a kidney biopsy is needed to be certain of the diagnosis. However, among the different 
possibilities, both MN and FSGS are associated with the nephrotic syndrome while MPGN and IgA 
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present with a nephritic urinary sediment. Polyarteritis nodosa (PAN) does not cause changes in the 
urinalysis, since the lesion is a vasculitis in larger blood vessels extrinsic to the glomerulus.

When the diagnosis is MN on biopsy, the question arises as to whether this could be idiopathic 
MN occurring by chance in a patient with HBV. Treatment options are contingent on which one is the 
cause. Patients with idiopathic MN are predominantly positive for anti-phospholipase A2 receptor 
antibodies compared to mostly negative results in HBV MN. However, there is enough overlap in 
published studies to raise a question about the predictive accuracy of this assay.

In spite of HBV-related immune complexes being present in MN, MPGN, and PAN, systemic 
complement activation is not seen, and C3 and C4 levels remain normal. Low complement levels 
should raise concern for unsuspected co-infection with HCV.

	 6.	 Is	HBV	glomerular	disease	treatable?
The immune complexes in all HBV kidney lesions require active viral replication, so the primary  
goal of therapy is to treat the source of the antigens: the active HBV. Lamivudine can suppress the 
viral load but needs to be continued indefinitely to maintain a sustained viral response. Patients 
experiencing a complete suppression of viral replication have a remission of MN with normalization of 
their proteinuria, improved kidney function, and a prolonged kidney survival. Unfortunately, as many 
as 50% of patients develop resistance to lamivudine and have a relapse of viremia. Current guidelines 
recommend entecavir as the primary agent for treatment of active hepatitis B antigenemia. For MN, 
this is the only therapy that is needed along with the typical antiproteinuria therapy, such as 
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. No immunosuppression is 
recommended, although short-term immunosuppression may be used in severe cases of nephrotic 
syndrome with only a transient increase in systemic viremia.

For patients with MPGN, the data are not as clear; however, theoretically, control of viremia 
would be essential. Again, the use of steroids or other immunosuppressant agents are not efficacious 
in the treatment of this lesion. IgA nephropathy, as mentioned, is rarely clinically important, and the 
IgA deposits are a result of advanced liver disease; unless liver function improves, there will be a 
continuous presence of IgA in the kidney. If the IgA is directly related to active HBV, then antiviral 
therapy could lead to a stabilization of kidney function.

PAN is a systemic vasculitis that causes life-threatening widespread organ dysfunction. It results 
from HBV immune complexes, so once again, control of viremia is essential. However, if there is 
significant systemic vasculitis, then a temporary use of steroids and even immunosuppressive therapy 
may be needed. The risks of this option would be a further increase (temporarily) in the hepatitis B 
viral load at the expense of reducing end-organ damage. This decision must be weighed carefully 
based on the severity of the vasculitis.

	 7.	 What	types	of	glomerular	disease	are	caused	by	HCV?
The most common histologic change in the glomerulus of patients with chronic HCV infection is  
type I MPGN due to type II cryoglobulinemia. These patients may also develop MN, fibrillary 
glomerulonephritis, IgA nephropathy, and diabetic nephropathy.

	 8.	 What	is	type	I	MPGN	as	a	consequence	of	type	II	cryoglobulinemia?
MPGN is a specific type of glomerular injury in which there is damage to the basement membrane 
from electron-dense deposits and an increase in the proliferation of endothelial cells and mesangial 
cells. Therefore, compared to MN, in which there is only thickening of the basement membrane due  
to immune complexes without cellular proliferation, MPGN is a more aggressive kidney injury. MN 
typically causes only the nephrotic syndrome, whereas MPGN causes nephrotic syndrome with an 
“active” urinary sediment showing red cells casts, granular casts, dysmorphic red cells, and kidney 
tubular epithelial cells.

The MPGN histology is type I MPGN, with immune complexes selectively located in the 
subendothelial space and mesangium. A reclassification of MPGN has occurred, and this category is 
now called immune complex mediated MPGN as compared to a separate category called complement 
mediated MPGN. Hepatitis C results in a unique production of cryoglobulin immune complexes that 
deposit in the subendothelial space, classifying this as a subset of immune complex MPGN.

The cryoglobulins in hepatitis C are so large that they cannot filter through the basement 
membrane, so they are trapped in the subendothelial space. Their size forces them to protrude into 
the lumen of the capillary, and it almost looks like there are thrombi in the glomeruli capillaries. The 
entire capillary lumen may become filled with the cryoglobulin complex.

Cryoglobulins are immune complexes comprising certain combinations of antibodies and 
antigens that precipitate on cooling and are classified based on the composition of the antibody 
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involved and its target. When the antibody is composed of a single subtype (monoclonal), such as only 
an IgG or IgM, and precipitates in the cold, it is called type I cryoglobulinemia. This often results from 
a hematopoietic malignancy. If there is an antibody that is monoclonal (IgM or IgG) and it targets 
another antibody that is polyclonal (IgG), this is called type II cryoglobulinemia. This category used  
to be called essential cryoglobulinemia and is a characteristic of HCV. If there are two different 
polyclonal antibodies present that interact and form an immune complex, this is called type III 
cryoglobulinemia.

Once a patient is infected with hepatitis C, the immune system tries to neutralize the virus by 
producing IgG antibodies against the surface antigens of the viral capsid. Unfortunately, these 
antibodies do not neutralize the virus, but they do circulate in the blood of patients chronically 
infected with HCV. This is what is measured with the ELISA: non-neutralizing IgG antibodies against 
the hepatitis C capsid. What is unusual in HCV is that the patient will make a unique type of 
monoclonal IgM antibody (IgMk) that directly targets the IgG the person has made against the viral 
envelope proteins. When one antibody attacks another antibody, this is called an anti-idiotypic 
antibody. The IgM that is made in patients with HCV is anti-idiotypic because it is directed against the 
IgG molecule. The cryoglobulin in HCV is composed of a monoclonal IgMk linking together polyclonal 
IgG and viral capsid envelope proteins. This crosslinking of antibodies to antibodies is why cryoglobulin 
is so large and obstructs the capillary lumen. It is unique from typical immune complexes in autoimmune 
syndromes like systemic lupus erythematosus, which are only composed of one antibody and one 
antigen. It is not known why only the clonal IgM heavy chain and only the kappa light chains are 
made by the stimulated B cells from hepatitis C.

	 9.	 Why	do	cryoglobulins	form	with	HCV	and	not	HBV?
HBV is a hepatotropic virus, meaning it selectively and primarily enters hepatic tissue, possibly infects 
kidney tissue, but does not invade immunocompetent cells. HCV is not only hepatotropic but also 
lymphotropic, having an affinity to bind to select receptors on B cells and even enter the cell itself. 
The viral capsid antigens appear to be able to target B-cell receptors that are responsible for cell 
proliferation, and disrupt the normal cell cycle. Infected B cells in HCV become clonal and produce the 
IgMk antibody that has anti-idiotypic capacity. HBV and no other form of viral hepatitis has this 
propensity to bind to and stimulate B cells, which is why cryoglobulins are common in 50% of HCV 
patients and extremely rare in HBV.

Over time, patients with HCV who have cryoglobulinemia are at higher risk for the development 
of B-cell lymphoma. The finding of type II cryoglobulinemia in HCV should be regarded as a 
premalignant disease. Approximately 6% will develop lymphoma.

	10.	 Do	cryoglobulins	cause	damage	to	other	organ	systems?
Absolutely! The circulation and deposition of type II cryoglobulins leads to inflammatory damage in the 
vascular system throughout the body, which is characterized by medium-sized vessel vasculitis. 
Specifically, these patients develop lower extremity skin lesions (palpable purpura); cerebral/cardiac/
pulmonary/peripheral nerve infarction; and a constant inflammatory state characterized by failure to 
thrive, malaise, and myalgias. HCV-related kidney disease may appear as the only systemic 
manifestation of type II cryoglobulinemia, but more often appears in the context of systemic disease. 
Once diagnosed with MPGN, a patient with HCV should undergo a careful screening for systemic 
complications of vasculitis.

	11.	 Other	than	a	kidney	biopsy,	is	there	any	other	way	to	make	the	diagnosis	of	MPGN	and		
cryoglobulinemia	from	hepatitis	C?
Because the kidney disease cannot occur in the absence of active HCV viral replication, the first 
question to ask is as follows: “What is the status of the patient’s HCV?” Many patients are being 
treated with the new direct acting antivirals (DAA) and have achieved viral remission. If these 
patients are nephrotic or have impaired kidney function, then there will have to be an alternative 
explanation, because it is not likely a result of MPGN from HCV, and an alternative investigation is 
needed.

If the patient has active viral replication, then certain serologic testing may help confirm the 
diagnosis of HCV-related MPGN/cryoglobulinemia. When immune complexes, such as cryoglobulins, 
deposit and initiate an inflammatory response, they activate the complement cascade. Cryoglobulins 
activate the classical complement pathway and lead to reduced serum concentrations of C3 and C4.  
It is improbable that a patient could have kidney disease because of type II cryoglobulins and not 
show complement activation. Ordering a C3 and C4 is essential in the work-up of these patients. 
Usually, both C3 and C4, but sometimes just the C4, is markedly depressed.
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A serum cryoglobulins level can be checked, but the turnaround time for this assay is often not 
quick enough to help with the immediate diagnosis. More commonly, an indirect marker for the 
presence of cryoglobulins, called the rheumatoid factor, is measured. An IgM antibody directed against 
another IgG antibody is said to be anti-idiotypic, and if there are no other antigens involved, this is 
said to possess “rheumatoid factor” activity. In patients with rheumatoid arthritis, these immune 
complexes likely result in the pathogenesis of the disease. In other diseases that manifest antibodies 
that are anti-idiotypic, the test for the “rheumatoid factor” will be positive. A positive rheumatoid 
factor assay coupled with a low C3 and C4 is typical of active cryoglobulinemia.

	12.	 What	is	the	treatment	for	MPGN	in	hepatitis	C?
The development of cryoglobulinemia is contingent on viral interaction with B cells and subsequent 
B-cell IgM production to form cryoglobulins. Therefore reducing the viral load is the most critical step 
in controlling this disease process. Initially, the only effective therapy for hepatitis C was the use of 
interferon with or without adjunctive ribavirin. Interferon was poorly tolerated and rarely led to a 
sustained viral response.

The development of DAAs has revolutionized the therapy of HCV. These drugs inhibit the 
assembly of non-structural viral capsid proteins and after a 12-week course of therapy often result in 
a sustained viral remission of .95% regardless of HCV genotype.

In certain circumstances, additional, more aggressive immunosuppressive therapy may be 
warranted in HCV-related MPGN. These exceptions include the following: (1) a rapid decline of kidney 
function with biopsy evidence of crescentic changes; or (2) systemic vasculitis with life-threatening 
organ dysfunction. In these cases, simply controlling the virus will not modify the damage occurring 
from the cryoglobulins that are already formed and circulating. The strategy will need to target 
removing the systemic cryoglobulins so ongoing tissue injury can be attenuated, and then the DAAs 
can inhibit the new production of IgMk type II cryoglobulins.

Plasmapheresis has become the treatment of choice for severe cases of cryoglobulinemia and 
will effectively remove these immune complexes from the circulation. Concomitantly, treatment should 
target the B cells that are producing the abnormal IgMk antibodies. In past years, chemotherapy, such 
as the use of cyclophosphamide, was used to inhibit B-cell proliferation. This therapy was not specific 
to B cells and resulted in potentially serious collateral effects on other cell lines. The use of the 
monoclonal anti-CD20 antibody, rituximab, selectively removes B cells from the circulation and has 
revolutionized the therapy of B-cell lymphomas and cryoglobulinemia. Rituximab binds to a surface 
antigen only found on B cells (CD20) and leads to their peripheral destruction and elimination. This 
assists in stopping cryoglobulin production while plasmapheresis removes the antibodies already 
present.

	13.	 Why	is	diabetic	nephropathy	listed	as	a	cause	of	nephrotic	syndrome	for	patients	with	HCV?
In addition to the lymphotropic effect of HCV, this virus also binds to bb-islet cells. The interaction of 
the virus surface antigens with bb-islet cells in the pancreas initiates a sequence of events that leads 
to islet dysfunction and secondary type II diabetes. In addition, viral structural proteins interfere with 
the post-receptor response to insulin, leading to a combination of type I and type II diabetes in these 
patients.

Over years, the end-organ complications of diabetes can accrue, especially the development of 
diabetic nephropathy. Therefore in a patient with HCV and diabetes who presents with nephrotic 
syndrome and kidney dysfunction, the differential diagnosis needs to include diabetic nephropathy. 
Clinically, the presence of low complement levels (C3 and C4) and an active urinary sediment possibly 
associated with systemic manifestations of vasculitis would all be supportive of HCV-related 
cryoglobulinemia as opposed to diabetes as the cause of kidney dysfunction.

The treatment of diabetic nephropathy in patients with HCV is similar to that of diabetic 
nephropathy in the general population and includes inhibition of the renin-angiotensin-aldosterone 
system (RAAS), blood pressure control, and glycemic control.

	14.	 Can	patients	with	HBV	or	HCV	glomerulopathies	eventually	undergo	kidney	transplantation?
As discussed earlier, both types of glomerulopathies that occur with HCV and HBV are directly related 
to active viral replication. In the case of HBV, it results from immune complexes, whereas in the case 
of HCV, it is associated with the development of cryoglobulinemia. If transplantation is considered in 
these cases, one of the first questions to ask is: “What is the status of the liver involvement from 
these viruses?”

The answer to this question is crucial in order to define whether the patient needs a combined 
liver–kidney transplant or a kidney transplant only. The presence of cirrhosis on biopsy would 
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automatically mandate that a combined transplant be performed. Without a liver biopsy it is not 
always possible to estimate whether or not cirrhosis is present. Evaluation of liver function studies, 
clotting parameters, and the presence or absence of portal hypertension are all useful in the clinical 
assessment for the presence of cirrhosis.

If the patient has stable liver function and no evidence of cirrhosis, then a kidney transplant 
alone can be considered. The second question to answer is: “How active is the viral disease?”  
It would be counterproductive to perform a transplant on a patient and provide intensive 
immunosuppression if there is uncontrolled viral proliferation. The risks of exacerbating viral activity 
can lead to either post-transplant immune complex kidney disease or post-transplant liver disease. 
One of the most common causes of death in patients with HCV after transplantation is liver disease. 
There is an increased risk of hepatoma in patients with active HCV or HBV, and routine monitoring of 
alpha fetoprotein levels is required during follow-up.

In the case of HCV, as long as there is no sign of cirrhosis, a new strategy in the use of DAAs is 
not to treat the patient while they are on the waiting list, and sign them up to receive an HCV positive 
donor kidney. Then after the transplant they are started on DAA therapy. The waiting list for an HCV-
positive organ donor is significantly shorter than waiting for a routine cadaver donor.

	15.	 What	are	the	really	important	secrets	I	need	to	know	about	HBV	and	HCV	related	glomerulopathies?
Table 35.2 summarizes the key aspects of these two lesions.

	16.	 Is	there	anything	else	I	need	to	know	about	hepatitis-induced	kidney	disease?
Yes. Not every patient with HBV and HCV who develops kidney disease has a viral-induced 
glomerulopathy. Because these viruses cause kidney disease due to viral replication, it is not 
surprising that advanced liver disease is usually present when they lead to glomerulonephritis. 
Consequently, these patients often have portal hypertension and cirrhosis, which adds another 
differential diagnosis into the picture including hepatorenal syndrome (HRS).

Acute kidney injury in patients with cirrhosis is often related to prerenal azotemia from diuretics 
used for the mobilization of ascites and lower extremity edema, and at the extreme can result in HRS. 
It is essential that physicians evaluating a patient with cirrhosis and known HBV or HCV who has 
developed acute kidney injury take into consideration the possibility of HRS. Differentiating HBV or 
HCV glomerulonephritis from HRS can be done using routine laboratory and urinalysis tests. The 
following questions should be asked:
• Is there proteinuria? Patients with HRS have less than 500 mg of protein excretion in 24 hours, 

as compared to patients with either hepatitis B- or C-related glomerulonephritis where the 
nephrotic syndrome is common.

• What does the urine sediment show? In patients with HRS, the urine sediment is bland with no 
cells or casts. In HCV-related MPGN, the urine will be nephritic with red-cell casts, dysmorphic red 
blood cells, white blood cells, and kidney tubular epithelial cells. In hepatitis B MN the urine will be 
nephrotic with fatty casts and oval fat bodies.

Table 35.2. Key Aspects of Hepatitis B and Hepatitis C –Related Glomerulopathies

HEPATITIS C HEPATITIS B

Primary glomerular disease Type I membranoproliferative  
glomerulonephritis

Membranous nephropathy

Pathophysiology Type II cryoglobulinemia Hepatitis B e Ag-antibody  
immune complexes

Clinical findings Nephritic syndrome Nephrotic syndrome

Systemic manifestations Vasculitis None

Laboratory features Low C3, C4
Positive rheumatoid factor

Normal complement levels

Treatment Direct acting antivirals Entecavir

Malignancy potential Hepatoma
B-cell lymphoma

Hepatoma
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• Is the FENa (fractional excretion of sodium) helpful? Unfortunately, the FENa in patients with 
HRS or any form of glomerulonephritis will be less than 1%, indicating a sodium avid state. The 
FENa is not useful in differentiating between these diagnoses.

• What about serum complement levels? In HCV-related MPGN, the levels of C3 and C4 will be 
very low, indicating active consumption by the type II cryoglobulins, and the rheumatoid factor will 
be elevated. For HBV, MN, and HRS, the serum complement levels and rheumatoid factor will all be 
within normal limits.

 1. The typical serum creatinine is usually 0.5 to 0.6 mg/dL in patients with cirrhosis, which is well  
below the normal expected maximum range for the general population: 1.2 mg/dL for women and 
1.5 mg/dL for men. Patients with liver disease can have a significant loss of GFR with a serum  
creatinine level within “the normal range” for the general population.

 2. The most common lesion seen worldwide with chronic HBV is MN. This lesion is a result of the  
formation of immune complexes in the sub-epithelial space of the basement membrane of the 
glomerulus forming “spikes” on electron microscopy like idiopathic MN, and demonstrates  
the classic “granular” immunofluorescence pattern with IgG and C3.

 3. For those patients who are carriers of hepatitis B but are only HbsAg positive and negative for 
HbeAg, the kidney lesion is usually not MN but MPGN. This is because the HbsAg-antibody immune 
complex is too large to filter through the basement membrane, so it lodges in the inner surface of 
the capillary wall (sub-endothelial space).

 4. The most common histologic change in the glomerulus of patients with chronic HCV infection is 
type I MPGN due to type II cryoglobulinemia. These patients may also develop MN, fibrillary glomer-
ulonephritis, IgA nephropathy, and diabetic nephropathy.

 5. Hepatitis C-induced MPGN should be primarily treated with anti-viral therapy. In some cases  
patients may need additional treatments targeted at reducing antibodies, such as rituximab and 
plasmapheresis. 

 6. Not all patients with viral hepatitis and new onset kidney disease have viral-induced glomerulone-
phritis. HRS is not uncommon in this population.

KEY POINTS
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36 HUMAN IMMUNODEFICIENCY 
VIRUS–ASSOCIATED KIDNEY 
DISORDERS
Warren Kupin

	 1.	 How	do	you	begin	the	evaluation	of	kidney	disease	in	the	setting	of	human	immunodeficiency
virus	(HIV)	infection?
The differential diagnosis of kidney disease in the setting of HIV infection covers a wide spectrum of
kidney disorders including acid-base and electrolyte abnormalities, glomerular disease, acute kidney
injury (AKI), and chronic kidney disease (CKD). There is no difference in the initial basic approach in
the evaluation of a patient with HIV compared to that of a patient who does not have HIV. If patients
with HIV develop kidney disease, the specific site of involvement (e.g., glomerular, interstitial, or
vascular) should be identified. Treatment options are dependent on proper identification and
classification of the various HIV-associated kidney diseases.

	 2.	 How	is	kidney	disease	first	detected	in	patients	with	HIV?
Standard recommendations for screening HIV patients have been established and require a
measurement of kidney function (creatinine and glomerular filtration rate [GFR] calculation), urine
dipstick with microscopy, and a urine protein to creatinine ratio at the time of initial evaluation. This is
repeated annually, or more often, depending on whether the patient has risk factors for kidney
disease, such as exposure to nephrotoxic drugs or co-morbidities including hypertension, diabetes, or
concurrent hepatitis C (HCV) or B (HBV). It is not necessary to measure the GFR by 24-hour urine
collections; it can be accurately estimated glomerular filtration rate (eGFR) from the creatinine level
using conventional estimating formulas.

The standard National Kidney Foundation and Kidney Disease: Improving Global Outcomes
(KDIGO) definitions for CKD should be applied to patients with HIV as well as the Acute Kidney Injury
Network definition of AKI.

	 3.	 How	accurate	is	creatinine	for	detecting	kidney	disease	in	patients	with	HIV?
It is now clear that the serum creatinine has significant limitations in many HIV patients as a result of:
 1. The dependence of creatinine on gender, age, and underlying nutritional status. Patients with active

HIV who are not receiving combination anti-retroviral therapy (cART) may have marked reductions in
muscle mass as a result of malnutrition, and will have lower baseline serum creatinine levels than in
the general population. It would not be unusual for a patient with advanced, untreated HIV to have a
seemingly normal serum creatinine level of 0.9 mg/dL and yet have a significant reduction in eGFR.

 2. Interference of HIV therapy with the laboratory measurement of creatinine. Some cART drugs
interferes with the tubular secretion of creatinine. Since creatinine is both filtered and secreted,
impairment of tubular secretion will increase the serum creatinine even without a change in the
GFR. This will cause the eGFR to fall and may lead to an erroneous diagnosis and inappropriate
work-up for acute or chronic kidney injury. This process is similar to the spurious elevations of
creatinine seen with cimetidine and trimethoprim. Specifically in cART, the integrase strand
inhibitors characteristically impede the secretion of creatinine, and it is expected that the creatinine
will be higher in these patient by 0.5 mg/dL. Cobicistat, used as a booster for the other cART
medications, has also been shown to have the same effect on creatinine secretion. The absence of
other markers of kidney injury—that is, abnormal urinary sediment, a normal blood urea nitrogen,
and stable clinical course—all support a benign drug-induced elevation of creatinine.

	 4.	 How	is	proteinuria	used	as	a	marker	for	HIV	kidney	disease?
In addition to an impaired GFR as a sign of kidney disease in patients with HIV, often a patient with
HIV will first present with only proteinuria and even microalbuminuria. Proteinuria represents one of
the pathognomonic hallmarks of HIV-induced glomerular disease, but also could represent early onset
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of cART-related kidney tubular injury. All patients with HIV should have a dipstick urinalysis performed 
for detection of proteinuria. The finding of proteinuria is an accurate and significant predictor of 
increased morbidity and mortality in patients with HIV. If the dipstick test result is positive, then a spot 
urine test for protein/creatinine ratio should be done to estimate the degree of proteinuria with a ratio 
.300 mg/g being a key cut-off level that requires further investigation.

Studies have shown that microalbuminuria may be an important indicator of the presence of 
kidney disease in patients with HIV, which is similar to the use of microalbuminuria in patients with 
diabetes. However, current guidelines do require the measurement of microalbuminuria in this 
population.

	 5.	 What	are	the	common	causes	of	AKI	in	HIV	patients?
Approximately 5% to 10% of hospitalized patients with HIV will experience AKI, with a mortality risk 
that is five times higher than the general AKI population without HIV. The most important approach in 
the assessment of AKI in a patient with HIV requires answers to the following questions:
• Is the patient receiving cART?
• What is the viral control of HIV?

The approach to AKI will be different based on the answers to these questions. If a patient is not 
receiving cART and has uncontrolled HIV viremia, the most common causes of kidney injury are 
related to systemic infection and volume depletion leading to prerenal azotemia and possible acute 
tubular necrosis (ATN). Uncontrolled infectious diarrhea with fever and large insensible fluid losses is 
a common presenting scenario in a patient with HIV who is cART naïve. Patients with HIV frequently 
develop sepsis from pneumonia and other opportunistic infections complicated by hypotension, which 
may also lead to ATN. In patients with infection who are cART-naïve, multiple antibiotics are often 
used to cover bacterial, viral, fungal, and atypical infectious agents. Many of these antibiotics can 
result in AKI, as noted in Table 36.1.

If the patient is receiving cART therapy with a controlled viral load, then the development of AKI 
may be secondary to drug-induced tubular dysfunction. Patients on cART have been shown to have a 
significantly higher risk of AKI, particularly in the setting of volume depletion. It is essential that all 
physicians treating patients with HIV be familiar with the potential nephrotoxicity of cART.

	 6.	 How	does	cART	cause	kidney	disease?
cART involves multiple classes of agents, including protease inhibitors (PI), reverse transcriptase 
inhibitors, integrase strand inhibitors, and entry blockers. Distinct syndromes are associated with 
certain classes of cART that must be kept in mind during the evaluation of each patient (Table 36.2). 
PI can be associated with three main kidney side effects:
 1. They can crystallize in the urinary tract and form either macroscopic stones, resulting in urinary 

obstruction (hydronephrosis), or they may crystallize inside the tubules, causing microtubular 
obstruction and ATN (no hydronephrosis).

Table 36.1. Antibiotics Can Result in Acute Kidney Injury

ANTIBIOTIC KIDNEY SYNDROME(S)

Amphotericin ATN, type I kidney tubular acidosis

Trimethoprim-sulfamethoxazole Crystal-induced ATN, allergic interstitial nephritis

Penicillin/cephalosporin agents Allergic interstitial nephritis

Aminoglycosides ATN

Foscarnet ATN

Pentamidine ATN

Vancomycin ATN

Ciprofloxacin Crystal-induced ATN, allergic interstitial nephritis

Acyclovir Crystal-induced ATN, allergic interstitial nephritis

Azole class antifungals Potentiate NRTI and calcineurin-induced nephrotoxicity

ATN, Acute tubular necrosis; NRTI, nucleaside reverse transcriptase inhibitors.
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 2. They may lead to acute interstitial nephritis.
 3. They inhibit the cytochrome P450 system, which may lead to nephrotoxicity from other drugs, 

especially in transplant patients on calcineurin inhibitors (CNI). In the presence of PIs, CNIs may 
need only once-a-week dosing due to impaired P450 metabolism.

Nucleaside reverse transcriptase inhibitors (NRTI) cause direct proximal tubular injury with 
tenofovir as the prototypic agent. Because the tubular injury is localized to the proximal tubule, a 
Fanconi syndrome may develop with typical Type II renal tubular acidosis and phosphaturia causing 
hypophosphatemia. Long-term use of tenofovir may also lead to CKD with the development of 
irreversible interstitial fibrosis, especially in combination with PIs. CKD is now developing in 10% to 
15% of long-term cART patients, and this growing global burden of CKD in this population is clinically 
important. HIV patients with CKD have the same increased mortality from cardiovascular disease as 
any CKD patient in the general population. The development of a safer delivery form of tenofovir, 
called tenofovir alafenamide, instead of tenofovir disoproxil fumarate has significantly reduced the risk 
of nephrotoxicity of this agent, and may replace the previous version as the standard of care.

	 7.	 What	glomerular	diseases	are	seen	in	patients	with	HIV?
Proteinuria in patients with HIV is often a sign of glomerular disease, even if it is not within the nephrotic 
range, since it depends on when during an HIV infection the proteinuria is measured. HIV-related 
glomerular disease goes through an initial phase of microalbuminuria (30 to 300 mg/24 hours) followed 
by macroalbuminuria (.300 mg/24 hours), culminating in nephrotic syndrome. Any level of proteinuria 
in a patient with HIV would be considered highly suspicious for one of the glomerular lesions described 
below:
• HIV-associated nephropathy (HIVAN): collapsing variant of focal segmental glomerular sclerosis 

(FSGS)
• HIV immune complex disease of the kidney (HIVICK): membranous nephropathy (MN), 

immunoglobulin (Ig)A nephropathy, diffuse proliferative glomerulonephritis
• HCV-related membranoproliferative glomerulonephritis (MPGN) associated with cryoglobulinemia: 

Approximately 30% of patients with HIV are co-infected with HCV and may develop glomerular 
disease from HCV-related immune complex disease

• HBV-associated MN: Approximately 10% to 20% of HIV are co-infected with HBV and can manifest 
typical HBV glomerular syndromes

• Thrombotic microangiopathy; typically seen in advanced untreated HIV patients
• FSGS: This is the typical perihilar or tip form of FSGS seen in the general population
• Diabetic nephropathy; diabetes is a frequent complication of cART, and since HIV patients are living 

10 to 20 years with controlled HIV disease, contemporary biopsy series now show an increasing 
burden of diabetic nephropathy

• Infection-related glomerulonephritis: immune complex proliferative glomerular disease from 
opportunistic infections such as Streptococci, Staphylococci, Gram-negative bacteria, etc.

Table 36.2. Kidney Syndromes Associated With HAART

cART CLASS
REPRESENTATIVE 
DRUGS KIDNEY SYNDROME(S)

Protease inhibitors Indinavir, atazanavir, nelfinavir, 
saquinavir, ritonovir,  
amprenavir

Urolithiasis: obstructive uropathy, 
ATN
Interstitial nephritis
CKD

Nucleoside reverse  
transcriptase inhibitors

Stavudine, zidovudine,  
didanosine, lamivudine

Mitochondrial cytopathy: hepatic 
steatosis, lactic acidosis, rhabdomy-
olysis, acute tubular necrosis

Nucleotide reverse  
transcriptase inhibitors

Tenofovir, adefovir Fanconi syndrome, ATN, CKD

Integrase strand inhibitors Raltegravir, Dolutegravir —

ATN, Acute tubular necrosis; CKD, chronic kidney disease.
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When developing a differential diagnosis of glomerular disease in a patient with HIV, the
following questions are important to ask:
• Does the patient have active HIV viremia? If yes, consider HIVAN or HIVICK.
• Is the patient co-infected with HCV or HBV? If yes, consider MPGN or MN, respectively.
• Is the patient on cART and well controlled? If yes, consider typical FSGS, especially in black

patients.
• Is the patient receiving cART with secondary diabetes? If yes, consider diabetic nephropathy.
• Is the patient septic? If yes, consider an infection-related glomerulonephritis.

	 8.	 What	exactly	is	HIVAN?
HIVAN is a unique glomerular disease that is a result of the effects of active HIV viral replication within
kidney tissue. This is in direct contrast to HIVICK, which represents an immune complex medicated
injury to the kidney. It is characterized by four pathologic changes in the kidney:
 1. Collapsing variant of focal sclerosis: hypertrophy and hyperplasia of the podocytes to the point that

it “caves in” the capillary tuft and reduces the filtration area of the glomerulus
 2. Microcystic dilation of the tubules: markedly enlarged dilated tubules in the absence of obstruction
 3. Interstitial nephritis: infiltration of the interstitial space of the kidney with CD8 1 T cells
 4. Tubulo-reticular inclusion bodies: the presence of arrays of coagulated proteins in the endoplasmic

reticulum in proximal renal tubular cells that result from high levels of cytokines, such as g-interferon.
This is not pathognomonic of HIV and can be seen in systemic lupus erythematosis (SLE).

	 9.	 How	does	HIVAN	present	clinically?
HIVAN is almost exclusively found in patients of African ancestry (90%) who have active HIV viral
replication. It is rarely an early presentation in the course of HIV, and most patients with HIVAN have a
CD4 count ,200 and a viral load of .400 copies/mL. How HIV was acquired in the first place is not
important; however, the degree of HIV activity is the key to developing HIVAN.

	10.	 Why	is	HIVAN	restricted	to	patients	of	black	race	origin?
The single most important risk factor for HIVAN is the presence of active HIV infection (high viral
load, low CD4 count) in a susceptible host (African ancestry). The role for a genetic risk in the
development of HIVAN has been substantiated by the discovery of the APOL1 (Apolipoprotein L1) gene
on chromosome 22. Variants of this gene (called G1 and G2) are protective from Trypanosomiasis
Rhodesiense. However, patients homozygous for these variants unfortunately have a significantly
increased risk of developing many forms of kidney disease, especially HIVAN (but not HIVICK). It is
estimated that 15% of the U.S. black population is homozygous for APOL1 variants, which, in the
setting of an HIV infection, markedly increases the risk of HIVAN.

	11.	 Are	there	any	special	clinical	features	of	HIVAN	that	may	help	in	establishing	this	diagnosis	from
others?
There are two additional clinical findings (other than race) that are often reported to favor a diagnosis
of HIVAN as opposed to the other types of glomerular disease. The first is the absence of hypertension
in the setting of kidney disease and proteinuria. Typically, FSGS and the glomerulopathies related to
viral hepatitis (HCV or HBV), HIVICK, or diabetes are associated with moderate to marked hypertension,
but not HIVAN. Patients with HIVAN have unexpectedly normal blood pressure because of the presence
of vasodilatory cytokines that are produced in response to the HIV infection, and a salt-losing state in
the kidney, which is also related to active HIV infection. More than 80% of patients with HIVAN have
normal blood pressures in the setting of significant kidney injury. Based on these data, the presence
of hypertension in a patient with HIV with kidney disease should prompt a reconsideration of the
diagnosis of HIVAN to an alternative etiology.

The second suggestive feature that may point to HIVAN is the presence of large echogenic
kidneys on ultrasound. Most patients with nephrotic syndrome and progressive CKD will have loss
of kidney size and mild echogenicity due to interstitial fibrosis. In HIVAN, the presence of microcystic
dilation may result in larger than expected kidney size at any level of kidney function, and the
degree of echogenicity is significantly more than that seen in other kidney lesions. Since HIVAN may
increase the size and echogenicity of the kidneys and HIVICK will not, many studies that question the
predicative reliability of these findings in HIV patients may be biased, because the patient population
may be a mixture of these two diagnoses. Therefore the initial evaluation by ultrasound of a patient
with HIV with proteinuria may already lead to a tentative diagnosis of HIVAN if these characteristic
findings are reported. The ultrasound radiologist may be the first one to suggest a differential
diagnosis of HIVAN based on these characteristic findings.
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	12.	 How	common	is	HIVAN?
The natural history of untreated HIV in the United States and Africa has shown that approximately  
3% to 12% of black patients will develop HIVAN. Most recent series show that HIVAN and HIVICK are 
almost equal in their frequency in untreated HIV patients.

	13.	 What	is	the	etiology	of	HIVAN?
HIVAN is a direct result of active HIV infection in kidney tissue. Current research shows that the HIV 
virus gains entry into kidney tissue including the podocytes, mesangial cells, and tubular epithelial 
cells. Once inside the cells, the viral genome is translated and the gene products lead to alterations of 
cellular function and development. Some of the candidate genes whose products are responsible for 
HIVAN include negative factor for viral replication (NEF), transactivating factor, and virus protein R. 
Research studies are still investigating what types of receptors the virus uses to enter kidney tissue. 
The viral gene proteins lead to an interruption of normal cell maturation, and the infected cells de-
differentiate into an immature cell phenotype. The delicate balance between cell growth and apoptosis 
is offset and, being unable to control their own proliferation, the podocytes—as well as the infected 
parietal epithelial cells—increase in number and cause collapsing FSGS followed by tubular dilation 
from proliferating epithelial cells, forming the large microcysts.

	14.	 What	is	HIVICK?
HIVICK represents a group of histologically different glomerular diseases in HIV patients that share a 
similar pathogenesis: immune complex injury. The types of glomerular histology within the HIVICK 
family include membranous, IgA nephropathy, diffuse proliferative glomerulonephritis (SLE-like), and a 
membranoproliferative pattern. The immune complexes in all these lesions contain HIV antigens, 
which confirm the dependence of the lesion on active viremia. A second group of immune complex 
diseases that represent part of HIVICK is glomerulonephritis secondary to the infections that 
superimpose themselves in advanced HIV. In these cases, the bacterial, viral, or fungal antigens (but 
not the HIV antigens) form the immune complex. Both of these groups are classified as HIVICK.

In contrast to HIVAN, there is no association of the APOL1 variants and the development of HIVICK.

	15.	 Are	HIVICK	and	HIVAN	the	most	common	lesions	found	in	patients	with	HIV	with	proteinuria?
Before the development and widespread use of cART therapy, HIVAN was by far the most common 
cause of nephrotic syndrome in patients with HIV. However, this pattern has changed dramatically in 
the cART era. HIVAN now accounts for only ,40% of all cases of nephrotic syndrome, with HIVICK, 
classic FSGS, and viral hepatitis-induced glomerulopathies accounting for the remaining proportion. A 
kidney biopsy is usually recommended for patients with HIV with proteinuria, because a kidney lesion 
other than HIVAN is usually found.

	16.	 Is	there	a	treatment	for	HIVAN	or	HIVICK?
Successful therapy of any kidney disease is dependent on the degree of reversible or irreversible 
lesions that are present. The most important predictor of response to therapy is the degree of 
interstitial fibrosis, which can only be ascertained from a kidney biopsy. HIVAN is considered a 
treatable and potentially reversible disease if diagnosed at an early stage. Because HIVAN is a result 
of the direct infection of kidney tissue and the gene products of the HIV genome, eradication of active 
viremia improves kidney function.

cART reverses glomerular and tubular lesions, and patients achieve remission of proteinuria and 
improved kidney function. This benefit lasts only as long as viremia is controlled, and relapses with 
the discontinuation of cART and a resurgence of viremia.

Although HIVICK lesions also result from active HIV infection, they do not appear equally 
responsive to cART therapy. HIVICK-mediated immune complex injury more commonly causes 
permanent kidney damage, and, unlike HIVAN, complete histologic reversal is not seen.

In addition to cART, short-term steroid therapy may have a role in patients with significant 
interstitial infiltrates on biopsy. Steroids do not affect the collapsing glomerular lesion of FSGS, but 
they do reduce the inflammatory cytokine production in the interstitium, and can improve kidney 
function while cART is initiated. Steroids have not been shown to be effective in HIVICK, most likely 
because of the lack of a significant component of interstitial nephritis in these patients.

Adjunctive therapy for nephrotic syndrome with inhibitors of the renin-angiotensin system—
angiotensin-converting enzyme inhibitors and angiotensin receptor blockers—are effective in 
reducing proteinuria and delaying the progression of kidney disease in HIVAN. These agents can be 
used at the time of diagnosis but are not considered to be first-line therapy. The most important initial 
treatment for HIVAN and HIVICK is cART.



HUMAN IMMUNODEFICIENCY VIRUS–ASSOCIATED KIDNEY DISORDERS 249

	17.	 If	treatment	fails,	can	a	patient	with	HIV	undergo	long-term	dialysis?
Currently ,1.6% of the U.S. end-stage kidney disease (ESKD) population has HIV as a cause of ESRD, 
and their survival is similar to those patients without HIV if they are receiving cART. Both types of dialysis 
modalities, hemodialysis, or peritoneal dialysis, are equally effective options for patients with HIV.

	18.	 Can	a	patient	with	HIV	be	considered	for	kidney	transplantation?
The National Institutes of Health have sponsored a multicenter trial to evaluate the efficacy of 
transplantation in patients with HIV. The prerequisite for transplantation includes the use of cART 
therapy with a CD4 count .200 and an undetectable viral load. There is experience with the use of 
both liver and kidney transplants in patients with HIV. The data show acceptable graft and patient 
survival with a higher risk of rejection, making transplantation a viable option in select patients with 
HIV. The pharmacologic interaction of cART and immunosuppressive therapy is challenging (as 
discussed previously) because of the effect of PIs on inhibiting the hepatic P450 enzyme system, 
thereby reducing the clearance of CNI and the risk of NRTIs, especially tenofovir, on potentiating 
calcineurin nephrotoxicity. More recent studies have advocated for the use of HIV-positive donors for 
HIV-positive recipients—a concept that would significantly increase the donor pool for these patients.

 1. HIVAN results from direct HIV infection of podocytes and tubular cells.
 2. HIVICK results from the development of peripheral immune complexes containing HIV antigens 

that deposit in the glomerulus.
 3. Patients with HIV are frequently co-infected with HCV and/or HBV and may develop glomerulone-

phritis from these infections.
 4. Patients with HIVAN are unexpectedly normotensive, often demonstrating large echogenic kidneys 

on ultrasound.
 5. In cART, proteosome inhibitors cause ATN by stone formation and intratubular precipitation and by 

interstitial nephritis, and directly inhibit the P450 system in the liver.
 6. In cART, NRTIs, like tenofovir, cause Fanconi’s syndrome and ATN through proximal tubular injury.
 7. In cART, integrase strand inhibitors reduce the secretion of creatinine leading to a false diagnosis 

of AKI.
 8. Dialysis and transplantation are viable options for patients with cART controlled HIV.
 9. AKI is extremely common in patients with HIV because of cART.
 10. Guidelines require all patients with HIV to be regularly screened for kidney disease with a GFR and 

urinalysis for proteinuria.

KEY POINTS
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	 1.	 What	is	Onconephrology?
Onconephrology focuses on all aspects of kidney disease in patients with malignancy, as well as
areas where nephrology intersects with hematology. As the name implies, nephrologists and
oncologists are well positioned to collaborate on this area of medicine.

	 2.	 What	does	this	field	of	nephrology	include?
 1. Electrolyte disorders of malignancy
 2. Secondary glomerular diseases of malignancy
 3. Chemotherapy-related kidney complications
 4. Targeted therapies and the kidney
 5. Paraproteinemia (see Chapter 39)
 6. Thrombotic microangiopathy (TMA) and all its causes and treatment strategie (see Chapter 41)
 7. Bone marrow transplant–related kidney diseases
 8. Radiation nephropathy
 9. Tumor lysis syndrome (TLS (see Chapter 38)
 10. Acute kidney injury (AKI) in the hospitalized patient with malignancy
 11. The ethics of dialysis during end of life in malignanc (see Chapter 80)
 12. Dosing of chemotherapy in chronic kidney disease (CKD) and end-stage kidney disease ESKD)
 13. Malignancy-associated obstructive kidney disease
 14. Renal cell carcinoma and related complications post-nephrectom (see Chapter 40)

	 3.	 What	are	the	major	causes	of	AKI	in	the	patients	with	malignancy?
AKI may occur by at least two mechanisms:
 1. A complication of a particular cancer treatment:

 a. TLS
 b. Drug-induced nephropathy
 c. Post-transplant-related kidney diseases
 d. Surgical procedures

 2. Related to the neoplasm itself
 a. Renal cell cancer
 b. Anatomic obstruction due to a metastatic lesion or obstructing mass
 c. Myeloma/amyloid affecting the kidney
Patients with AKI and malignancy have a worse prognosis than AKI without malignancy.

	 4.	 How	common	is	AKI	in	the	patients	with	malignancy?
The answer depends on the sub-population of patients with a particular malignancy, as well as the
clinical setting, for example, intensive care unit (ICU) versus general inpatient service versus
outpatient. Four main points may be deduced from major studies:
 1. The incidence of AKI among hospitalized patients with malignancy is higher than that of patients

without cancer
 2. Acutely ill patients with cancer admitted to the ICU have an even higher risk of AKI
 3. Some cancers are associated with a higher risk of AKI than others:

 a. Kidney
 b. Gall bladder
 c. Liver
 d. Myeloma
 e. Pancreas

 4. Treatment with a hematopoetic stem cell transplant (HSCT), especially myeloablative allogenic
HSCT, further raises the risk of AKI associated with malignancies
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Table 37.1. Pre-renal, Intrinsic and Post-renal Causes of Acute Kidney Injury 
in the Cancer Patient

PRE-RENAL INTRINSIC POST-RENAL

Kidney hypo-perfusion due to 
sepsis, ascites, and effusions
Volume depletion (g oral 
intake, diarrhea, over-diuresis)
Impaired cardiac output
Hepatic sinusoid obstructive 
syndrome
Hypercalcemia
Non-chemotherapeutic drugs 
(NSAIDS, ACEi/ARB, calcineurin 
inhibitors)
Capillary leak syndrome (e.g., 
due to IL2, CAR-T therapy)

Acute tubular necrosis due to
• Protracted ischemia
• Nephrotoxic agents: for  

example, IV contrast,
• Ifosfamide, cisplatin, amino-

glycoside
Lymphomatous infiltration of 
the kidney
Acute interstitial nephritis
Tumor lysis syndrome
Cast nephropathy
Thrombotic microangiopathy
Calcineurin inhibitor toxicity

Obstruction due to
• Primary or metastatic  

abdominal or pelvic  
malignancy

• Retroperitoneal fibrosis
• Crystals (Acyclovir, urate, 

methotrexate)

ACEi, Angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAR-T, chimeric antigen 
receptor–T-cell therapy; IL, interleukin; IV, intravenous; NSAIDS, non-steroidal anti-inflammatory drugs.

	 5.	 What	are	the	common	causes	of	AKI	in	the	cancer	patient?
Table 37.1 summarizes the pre-renal, intrinsic, and post-renal causes of AKI in the cancer patient.

	 6.	 What	is	lymphomatous	kidney	infiltration	(LKI)?
LKI is common, albeit underdiagnosed, among patients with cancer. In most studies, LKI was found to 
have a high incidence. While the incidence is high, the association with kidney failure is low. The 
mechanism of LKI-induced AKI is not completely established. The tubules and glomeruli usually 
appear morphologically normal on biopsy; it has been proposed that interstitial and intraglomerular 
pressure elevation due to lymphocytic infiltrations of these compartments is the underlying 
mechanism of the AKI. Diagnosis can be made via a kidney ultrasound and computed tomography 
scan imaging in some cases, but a kidney biopsy is required for a definite diagnosis. The 
management of LKI is focused on the treatment of the underlying malignancy.

	 7.	 What	is	the	most	common	kidney-related	oncologic	emergency?
TLS is the most common oncologic emergency with an incidence as high as 26% in high-grade B-cell 
acute lymphoblastic leukemia. TLS results from rapid release of intracellular contents of dying cancer 
cells into the bloodstream, either spontaneously or in response to cancer therapy. It is biochemically 
characterized by hyperuricemia, hyperkalemia, hyperphosphatemia, and hypocalcemia. Cardiac 
arrhythmias, seizures, and superimposed AKI are common clinical presentations. The pathophysiology 
of TLS-mediated AKI involves intratubular obstruction and inflammation by the precipitation of crystals 
of uric acid, calcium phosphate, and/or xanthine. Consensus recommendations for TLS prophylaxis 
include volume expansion for all risk groups, the use of allopurinol in medium- and high-risk groups, 
and the use of recombinant urate oxidase (rasburicase) in high-risk groups. See Chapter 13.

	 8.	 What	are	the	risk	factors	for	chemotherapy-induced	AKI?
Patient risk factors for chemotherapy-induced nephrotoxicity include: older age, underlying AKI or 
CKD, and pharmacogenetics favoring drug toxicity. Volume depletion can enhance innate drug toxicity 
due to increased drug or metabolite concentration in the kidney and may involve formation of intra-
tubular crystals by insoluble drug or metabolites. Kidney hypoperfusion can be due to decreased oral 
intake, over-diuresis, chemotherapy-induced cardiomyopathy, malignant ascites, or pleural effusion. 
Tumor-related factors predisposing to chemotherapy-induced nephrotoxicity include the presence of 
toxic tumor proteins, as with myeloma-related kidney injury, kidney infiltration by lymphoma, and 
cancer-associated glomerulopathies.

	 9.	 What	is	the	connection	between	cancer	and	CKD?
CKD and cancer are connected in several ways. Cancer can lead not only to the development of CKD 
and ESRD—often indirectly, from multiple causes (chemotherapy, HSCT)—but also to the presence of 
CKD can be associated with cancer. Although the overall incidence and prevalence of CKD among 
patients with cancer is still uncertain, there is growing evidence to suggest that the risk is high and 
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still increasing. The risk for developing CKD varies depending on whether the cancer is solid or
hematologic in nature, whether the patient underwent nephrectomy or HSCT, or whether nephrotoxic
chemotherapy was administered.

	10.	 Which	cancers	are	common	as	the	glomerular	filtration	rate	declines?
Men with CKD are more at risk for lung and urinary tract cancers. In one analysis, the estimated
glomerular filtration rate (eGFR) ,60 mL/min per 1.73 m2 appears to be a significant risk factor
for death from cancer. The excess cancer mortality in those with reduced kidney function varied
with site, with the greatest risk in those with breast and urinary tract cancer. Each decrease in
eGFR by 10 mL/min per 1.73 m2 increased the risk of cancer by 29% in men. Lung and urinary
tract cancers comprised most of the excess cancer risk. No increased cancer risk in women with
CKD was seen in the same study.

	11.	 What	is	the	most	common	paraneoplastic	glomerular	disease	seen	with	solid	tumors	and	hemato-
logic	malignances?
Membranous nephropathy (MN) remains the most common glomerular pathology reported in patients
with solid tumors. The true prevalence of malignancy with MN is unknown. Minimal change disease
(MCD) is the most common glomerular disease associated with hematologic malignancies. Table 37.2
summarizes the published list of paraneoplastic glomerular diseases seen with various types of cancer.

	12.	 How	do	you	differentiate	primary	MN	from	cancer-associated	secondary	MN?
It has been recently identified that the circulating auto-antibody to podocyte transmembrane
glycoprotein M-type phospholipase A2 receptor (PLA2R) is the cause of adult primary MN in majority
of the cases (see Chapter 28). These autoantibodies were not found in cases of secondary MN.
Table 37.3 helps summarize the potential ways one can differentiate primary MN from secondary MN
associated with cancer.

Thrombospondin type 1 domain containing 7A (THSD7A) is a target antigen in membranous
glomerulonephritis associated with cancer. THSD7A was found in 2.6% of 1200 patients with MN.
These patients were mostly women. In this cohort, the percentage of patients with THSD7A-associated
MN and malignant disease significantly exceeded that of patients with PLA2R-associated MN and
malignant disease. In all cohorts, they identified 40 patients with THSD7A-associated MN, 8 of whom
developed a malignancy within a median time of 3 months from the diagnosis of MN. In one patient
with THSD7A-associated MN and metastases of an endometrial carcinoma, the immunohistochemistry
showed THSD7A expression on the metastatic cells and within follicular dendritic cells of the
metastasis-infiltrated lymph node. Patients with THSD7A-associated MN should get more intensive
screening for the presence of malignancies.

	13.	 What	types	of	adverse	kidney	events	are	associated	with	traditional	chemotherapy	agents?
Chemotherapeutic agents can cause kidney disease that fits the traditional grouping into pre-renal,
intrarenal, and post-renal states. However, most of these agents cause intrinsic kidney injury at
various parts of the nephron (Table 37.4), with a couple of notable exceptions. For example,
interleukin-2 (IL-2) is associated with capillary leak syndrome, which can cause intravascular volume
depletion and prerenal azotemia. Post-renal injury is rare with chemotherapy agents, but case reports
have linked cyclophosphamide with bladder outlet obstruction from vesicular thrombi in the setting of
hemorrhagic cystitis. Intrinsic causes can be tubular, interstitial toxicities, but TMA and glomerular
diseases have been reported as well.

	14.	 What	are	the	commonly	reported	kidney	toxicities	associated	with	targeted	therapies?
In the past decade, advances in cell biology have led to the development of anti-cancer agents that
target specific molecular pathways. The National Cancer Institute defines targeted therapies as “drugs
or substances that block the growth and spread of cancer by interfering with specific molecules
involved in tumor growth and progression.” Targeted therapies are now commonly used in cancer
treatment, and it is vital that their kidney toxicities be recognized and investigated. Kidney adverse
effects of targeted therapies occur through several complex mechanisms. Early reports suggested
that targeted therapies were associated with a range of toxicities from hypertension to AKI. Table 37.5
and Fig. 37.1 summarize the kidney effects of targeted therapies.

	15.	 Where	is	vascular	endothelial	growth	factor	(VEGF)	located	in	the	kidney?	What	are	the	kidney
manifestations	of	anti-angiogenic	therapy?
VEGF is produced by the glomerular podocytes and tubular epithelial cells in the kidney and bind to
the VEGF receptors (a tyrosine kinase receptor) located in the mesangium, glomerular, and peritubular
capillaries. VEGF is involved in proliferation, differentiation, and survival of mesangial and endothelial
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cells, and plays a vital role in the maintenance of the structure and function of the glomerular filtration 
barrier.

Anti-VEGF therapy comprises of drugs such a bevacizumab, which is a recombinant humanized 
monoclonal antibody to VEGF. Highly vascular tumors with VEGF expression and a high density of VEGF 
receptors (VEGFR) respond to anti-VEGF therapy (Fig. 37.2). Tyrosine kinase inhibitors of VEGFR, such 
as sorafenib, sunitinib, and axitinib, have anti-VEGF properties by inhibiting downstream signaling 
once VEGF binds to its receptors. In women with pregnancies complicated by pre-eclampsia, high 
levels of soluble VEGFR-1 are seen, which decreases the VEGF level and, in turn, generates the 
proteinuria and hypertension. Tyrosine kinase inhibitors (sunitinib, sorafenib) used in renal cell cancer, 
and other solid and liquid tumors, also have anti-VEGF effects and have similar kidney complications.

VEGF antagonism leads to hypertension, proteinuria, TMA, and interstitial nephritis. TMA related 
to anti-VEGF therapy can present with both kidney limited or systemic findings including 
thrombocytopenia and presence of microangiopathic hemolytic anemia. The kidney limited TMA 
findings are more common with anti-VEGF agents compared to other drug induced TMA. For example, 

Table 37.2. Glomerular Diseases Associated With Solid Tumors and Hematologic 
Malignancies

TYPE OF CANCER
ASSOCIATED PARANEOPLASTIC  
GLOMERULAR DISEASE

Lung cancer (includes small cell, non-small-cell, 
squamous cell, and bronchogenic cancers)

MN, MCD, MPGN, IgAN, FSGS, CGN, HSP, TMA

Renal cell cancer AAA, CGN, IgAN, MCD, FSGS, MPGN, HSP

Colon cancer MN, MCD, CGN

Gastric cancer MN, MPGN, CGN, HSP, TMA

Prostate cancer MN, CGN, HSP

Pancreatic cancer MN, MCD, IgAN

Breast cancer MN, FSGS, MPGN, HSP, TMA

Esophageal cancer MPGN, FSGS

Head and neck cancer MN, IgAN

Ovarian cancer MN, MCD

Cervical cancer MN

Endometrial cancer MN

Melanoma MN, MPGN, MN

Hodgkin’s lymphoma MCD, MN, MPGN, IgAN, FSGS, CGN, AAA, Anti-
GBM disease, HSP

Non-Hodgkin’s lymphoma MN, MCD, MPGN, IgAN, FSGS, HSP

Chronic lymphocytic leukemia MPGN, MN, MCD, FSGS, CGN

Acute myelogenous leukemia MN, FSGS

Chronic myelogenous leukemia FSGS, MN, MCD, MPGN

MGUS MPGN, TMA, C3GN

T-cell leukemia FSGS

AAA, AA amyloidosis; C3GN, complete C3 glomerulonephritis; CGN, crescentic glomerulonephritis; FSGS, 
focal segmental glomerulosclerosis; GBM, glomerular basement membrane; HSP, Henoch–Schonlein pur-
pura, IgAN, immunoglobulin A nephropathy; MCD, minimal change disease; MGUS, monoclonal gammop-
athy of unclear significance; MN, membranous nephropathy; MPGN, membranoproliferative glomerulone-
phritis; TMA, thrombotic microangiopathy.

Modified from Jhaveri, K. D., Shah, H. H., Calderon, K., Campenot, E. S., & Radhakrishnan, J. (2013). Glomerular 
diseases seen with cancer and chemotherapy: A narrative review. Kidney International, 84(1), 34–44.
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TMA from gemcitabine or mitomycin is more aggressive, with more severe hematological 
abnormalities, both glomerular and arteriolar kidney localizations, and worse kidney survival—even 
after stopping the offending agent.

	16.	 What	is	the	management	of	patients	who	develop	kidney	complications	with	anti-angiogenic		
therapy?
It is important to monitor blood pressure and proteinuria in these patients. Angiotensin converting 
enzyme inhibitor (ACEi) or angiotensin receptor blocker is usually the first-line treatment of 
hypertension in these patients. The non-dihydropyridine calcium channel blockers (verapamil, 
diltiazem) interact with the cytochrome P450 pathway and can increase tyrosine kinase inhibitor 
levels. The drugs can continue unless the patient develops nephrotic syndrome, AKI, or TMA.

	17.	 What	is	the	most	common	adverse	kidney	effect	seen	with	immune	checkpoint	inhibitors?
Immune checkpoint inhibitors include the anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) 
antibody as well as anti-programmed death antibodies (programmed cell death [PD]-1). These 
antibodies serve to enhance the innate anti-tumor T-cell immunity leading to tumor regression and 
the stabilization of solid tumors. Immune checkpoint inhibitor kidney toxicity is an immune-mediated 
process. Acute interstitial nephritis (AIN) is the most common biopsy finding reported with PD-1 
inhibitors. Ipilimumab, a CTLA4 inhibitor, is also associated with AIN; however, podocytopathies, such 
as MN, MCD, and TMA, have also been reported. Hyponatremia related to hypophysitis (inflammation 
of the pituitary gland) is also seen with CTLA4 antagonists. The time of onset usually differs in the two 
drugs. CTLA4-antagonist-mediated injury usually occurs earlier within the first 2 to 3 months of use, 
while PD-1-inhibitor-mediated injury is usually seen later, 2 to 10 months into treatment. Treatment 
usually involves the interruption of therapy and the use of high-dose steroids.

	18.	 What	are	the	most	common	electrolyte	abnormalities	seen	in	patients	with	cancer?
Electrolyte disorders in patients with cancer are common. They could be as a result of the cancer, 
chemotherapeutic agent, or patient-related factors. Hyponatremia and hypercalcemia are the most 
common electrolyte abnormalities noted, although others, such as hypernatremia, hypomagnesemia, 
hypophosphatemia, hyperphosphatemia, hyperkalemia, and hypokalemia, are also seen.

	19.	 What	is	the	mechanism	of	hypercalcemia	in	malignancy?
Hypercalcemia of malignancy is caused by two mechanisms:
 1. Osteolytic release of calcium from bone due to direct invasion of the neoplasm, as seen in skeletal 

metastasis of solid tumors of breast, lung, kidneys, and multiple myeloma. The release of calcium 
from the bone is mediated by the receptor activator of nuclear factor kappa B (RANK) and receptor 
activator of nuclear factor kappa B ligand (RANK-L) interaction. The RANK-L is produced by the 
bone marrow stromal cells and osteoblasts. The binding of RANK present on osteoclast progenitor 
cells to its ligand results in osteoclast activation, proliferation, and bone resorption, resulting in the 
release of calcium. The neoplastic environment with activated T cells, inflammatory cytokines (IL-6, 
IL-1B0, tumor necrosis factor-alpha) all promote the RANK-L-driven bone resorption and disturb 
the RANK/RANK-L/osteoprotegerin balance.

Table 37.3. Clinical Pathologic Features Differentiating Primary from Malignancies 
Associated Membranous Nephropathy

CLINICOPATHOLOGIC 
PARAMETERS PRIMARY MN

SOLID TUMOR  
ASSOCIATED MN

Historical clues Younger age, no history of  
smoking

Age over 65 years, smoking for 
more than 20 pack years

Serological testing Presence of circulating anti-
PLA2R autoantibodies in serum

Absence of circulating anti-
PLA2R autoantibodies in serum

Pathological findings Predominance of glomerular IgG4 
deposition, enhanced glomerular 
PLA2R staining, presence of less 
than 8 inflammatory cells per 
glomeruli

Predominance of IgG1,2 deposi-
tion, normal glomerular PLA2R 
staining, presence of more than 8 
inflammatory cells per glomeruli

IgG, Immunoglobulin G; MN, membranous nephropathy; PLA2R, phospholipase A2 receptor.
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Table 37.4. Chemotherapeutic Agents Associated With Acute Kidney Injury 
and Other Forms of Kidney Injuries.

CHEMOTHERA-
PEUTIC AGENT

MECHANISM  
OF INJURY

CLINICAL  
PRESENTATION PROPHYLAXIS

Azacytidine Proximal and distal  
tubular injury

Fanconi syndrome, and 
polyuria

None established.
Self-limiting

Bisphosphonate 
(Pamidronate,  
Zoledronate)

Acute tubular injury, 
collapsing FSGS, MCD

AKI Avoid use of zoledro-
nate in patients with 
CrCl ,35 mL/min. In 
those patients, reduced 
doses of pamidronate

Cisplatin Toxic damage to renal 
tubule

AKI, magnesium wast-
ing, diabetes insipidus, 
Fanconi syndrome

Volume expansion, 
magnesium  
replacement

Clofarabine ATN, FSGS Sudden onset AKI None established

Cyclophosphamide Increased ADH activity Hyponatremia None established.
Self-limiting after dis-
continuation of drug

Gemcitabine
(cell cycle-specific 
pyramidine  
antagonist)

TMA HTN, TMA, proteinuria, 
and AKI 6 Edema

None established

Ifosfamide Proximal 6 distal 
tubular injury

ATN (often subclinical); 
Type 2 RTA with  
Fanconi syndrome;  
severe electrolyte  
disarray; nephrogenic 
diabetes insipidus.

Moderate-severe  
nephrotoxicity gener-
ally occur with cumula-
tive doses .100 g/m2

Avoid concurrent use 
of cisplatin

Interferon (alpha,  
beta, or gamma)

Podocyte injury result-
ing in MCD or FSGS

Nephrotic syndrome, 
AKI

None established

Interleukin-2 Kidney hypoperfusion 
due to capillary leak, 
kidney vasoconstriction

AKI, Hypotension,  
proteinuria, pyuria

None established

Methotrexate Nonoliguric AKI Tubular obstruction  
by precipitation of 
methotrexate and 
7-hydroxymethotrexate

Volume expansion;  
urinary alkalization; 
leucovorin rescue; 
dose reduction for  
GFR 10–50 mL/min

Mitomycin C AKI TTP and HUS (associ-
ated with cumulative 
dose .60 mg

None established

Nitrosoureas Glomerular sclerosis 
and tubulointerstitial 
nephritis

Insidious, often irre-
versible kidney injury

Volume expansion

ADH, Antidiuretic hormone; AKI, acute kidney injury; ATN, acute tubular necrosis; CrCl, Creatinine 
Clearance; FSGS, focal segmental glomerulosclerosis; GFR, glomerular filtration rate; HTN, hypertension; 
HUS, hemolytic uremic syndrome; MCD, minimal change diseases; RTA, renal tubular acidosis; TMA, 
thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura.



ONCONEPHROLOGY  259

Table 37.5. Kidney Known Side Effects of Various Targeted Therapies

NAME OF AGENT
MECHANISM OF ACTION OF 
THE TARGETED THERAPY

REPORTED
NEPHROTOXICITIES

Bevacizumab VEGF inhibitor HTN, proteinuria, nephrotic
syndrome, pre-eclampsia like
syndrome, kidney limited TMA

Aflibercept VEGF inhibitor HTN, proteinuria

Sunitinib Multi-kinase TKI HTN, proteinuria, MCD/FSGS, AIN,
Chronic interstitial nephritis

Pazopanib Multi-kinase TKI HTN, proteinuria

Axitinib Multi-kinase TKI HTN, proteinuria

Sorafenib Multi-kinase TKI HTN, proteinuria, MCD/FSGS,
AIN, chronic interstitial nephritis,
hypophosphatemia

Imatinib Cellular TKI(BCR-ABL) ATN, HTN, hypocalcemia,
hypophosphatemia

Dasatinib Multi-kinase TKI Proteinuria

Nilotinib Multi-kinase TKI HTN

Ponatinib Multi-kinase TKI HTN

Cetuximab EGFR inhibitor Hypomagnesaemia, Hypokalemia,
AKI, Hyponatremia, glomerulone-
phritis

Panitumumab EGFR inhibitor Hypomagnesaemia, AKI,
Hypokalemia

Erlotinib EGFR inhibitor AKI, Hypomagnesaemia

Afatinib EGFR inhibitor AKI, Hyponatremia

Gefitinib EGFR inhibitor AKI, hypokalemia, fluid retention,
minimal change disease, proteinuria

Vemurafenib B-RAF inhibitor AIN, ATN, hypophosphatemia,
Fanconi syndrome

Dabrafenib B-RAF Inhibitor AIN, ATN, hypophosphatemia

Crizotinib ALK inhibitor ATN, kidney cysts

Ipilumumab CTLA-4 inhibitor AIN, MN, MCD, hyponatremia, TMA

Nivolumab PD-1 Inhibitor AIN

Pembrolizumab PD-1 Inhibitor AIN

Temsirolimus mTOR inhibitor ATN, FSGS

Carfilzomib Proteasome inhibitor Prerenal, ATN, TMA

Bortezomib Proteasome inhibitor TMA

Lenalidomide Immunomodulators Fanconi syndrome, AIN, MCD

Trametinib MEK inhibitor AKI

AIN, Acute interstitial nephritis; AKI, acute kidney injury; ALK, Anaplastic lymphoma kinase; ATN, acute
tubular necrosis; BCR-ABL, breakpoint cluster region-abelson; BRAF, B-Raf proto-oncogene serine/threonine-
protein kinase; CTLA-4, cytotoxic T lymphocyte antigen-4; EGFR, epidermal growth factor receptor; FSGS,
focal segmental glomerulosclerosis; HTN, hypertension; MCD, minimal change disease; MEK, mitogen-activated
protein kinase; MN, membranous nephropathy; mTOR, mechanistic target of rapamycin (also known as
the mammalian target of rapamycin); PD, programmed cell death; TKI, tyrosine kinase inhibitor; TMA,
thrombotic microangiopathy; VEGF, vascular endothelial growth factor.
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 2. Stimulation of osteoclast activity by the release of tumor-derived endocrine factors. In this PTHrP 
and 1,25-dihydroxyvitamin D play an important role. PTHrP is secreted by squamous cell cancer  
of the lung, head and neck, renal cell, ovarian, breast, and esophageal cancer. It causes stimulation 
of the osteoclasts, increases calcium absorption in the loop of Henle and the distal convoluted 
tubule. Activated vitamin D, in turn, is secreted by lymphomas, or tumor-associated macrophages 
that possess 1-alpha hydroxylase activity.

	20.	 What	is	the	treatment	of	hypercalcemia	of	malignancy?
The primary goal in the management of hypercalcemia is to enhance the urinary excretion of calcium 
and to decrease the osteoclast-mediated bone resorption. The first goal is achieved by aggressive 
volume repletion with a goal urine output of 100 to 150 mL/hour. Furosemide should only be used 
once the patient is made adequately volume replete. Calcitonin inhibits bone resorption and osteoclast 
maturation and acts quickly within 4 to 6 hours of administration. Tachyphylaxis prevents its long-
term use. In volume overloaded or anuric patients, dialysis with a low dialysate calcium may be 
needed.

Bisphosphonates, namely zoledronate and pamidronate, have become the cornerstone of 
treatment of hypercalcemia of malignancy. Bisphosphonates reduce the osteoclast activity by 
preventing the osteoclasts from adhering to the bone surface, and preventing the production of their 
proteins, which are responsible for continued bone resorption. They also result in decreased 
osteoclast progenitor development and promote their apoptosis. RANKL inhibitors, such as 
denosumab, play a role in the management of bisphosphonate-resistant hypercalcemia of malignancy 
even though it does not yet have U.S. Food and Drug Administration approval.

	21.	 What	is	the	most	common	cause	of	hyponatremia	in	cancer	patients?	What	are	the	other	causes?
The syndrome of inappropriate anti-diuretic hormone (SIADH) is the most common cause of 
hyponatremia in cancer patients, with higher rates among patients with small-cell lung cancer and 
head and neck cancers compared to others. The other potential causes of SAIDH are the release of 
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Figure 37.1. Summary of kidney adverse events noted with targeted therapies. ALK, Anaplastic lymphoma kinase; 
BCR-ABL, breakpoint cluster region-abelson; CTLA, cytotoxic T lymphocyte antigen-4; EGFR, epidermal growth factor 
receptor; HER-2, human epidermal growth factor-2; PD, programmed cell death; TKI, tyrosine kinase inhibitors; VEGF, 
vascular endothelial growth factor. (Modified from Jhaveri, K. D., Wanchoo, R., Sakhiya, V., Ross, D., & Fishbane, S. (2016). 
Adverse renal effects of novel molecular oncologic targeted therapies: A narrative review. Kidney International Reports. 
doi: http://dx.doi.org/10.1016/j.ekir.2016.09.055, with permission.)
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Figure 37.2. Vascular endothelial growth factor (VEGF), the VEGF receptor, and the various mechanisms by 
which therapies block VEGF effect are demonstrated. Included are an antibody against the VEGF molecule (beva-
cizumab), soluble receptors that bind VEGF and remove it from the circulation (VEGF-trap), and VEGF receptor  
inhibitors (sorafenib, sunitinib). (Reproduced with permission from Gurevich, F., & Perazella, M. A. (2009). Kidney 
effects of anti-angiogenesis therapy: Update for the internist. American Journal of Medicine, 122(4), 322–328.)

the anti-diuretic hormone, which is not mediated by an osmotic or volume stimulus, and includes 
pain, nausea, and medications (cisplatin, cyclophosphamide, vinblastine, and vincristine).

	22.	 Which	chemotherapeutic	agent/disease	state	is	responsible	for	salt	wasting?
Cisplatin and ifosfamide directly injure the kidney tubular cells and impair the kidney sodium 
absorption and cause renal salt wasting. Cerebral salt wasting has been described in metastatic 
central nervous system disease. In hyponatremia from SIADH and salt wasting, urine sodium and 
urine osmolality are elevated; however, these patients are volume depleted on exam as opposed to 
SIADH where patients tend to be euvolemic.

 1. Onconephrology is an evolving subspecialty that focuses on all aspects of kidney disease in cancer 
patients.

 2. AKI in patients with cancer may occur by at least two mechanisms:
 a. It could arise as a complication of a particular cancer treatment:

 i. Tumor lysis syndrome
 ii. Drug-induced nephropathy
 iii. Post-transplant related kidney diseases
 iv. Surgical procedures

 b. Or it could be related to the neoplasm itself:
 i. Renal cell cancer
 ii. Anatomic obstruction due to a metastatic lesion or obstructing mass
 iii. Myeloma/amyloid affecting the kidney

 3. TLS is the most common renal oncologic emergency with an incidence as high as 26% in high-
grade B-cell acute lymphoblastic leukemia.

 4. Novel targeted therapies, such as immune checkpoint inhibitors, can lead to immune-mediated 
acute interstitial nephritis.

KEY POINTS
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	 1.	 What	is	tumor	lysis	syndrome	(TLS)?
TLS is a condition in which widespread necrosis of tumor cells releases toxic amounts of intracellular 
contents into the circulation, resulting in acute hyperuricemia, hyperkalemia, hyperphosphatemia, 
hypocalcemia, and acute kidney injury (AKI).

	 2.	 What	causes	TLS?
TLS is usually caused by chemotherapeutic agents in patients with cancer resulting in rapid cell 
necrosis. Common agents implicated include cisplatin, etoposide, fludarabine, cytosine arabinoside, 
methotrexate, paclitaxel, rituximab, and corticosteroids. Radiation therapy may rarely cause TLS. 
Occasionally spontaneous TLS may arise in rapidly growing tumors that outgrow their blood supply.

	 3.	 What	are	the	risk	factors	for	the	development	of	TLS?
TLS typically occurs following the chemotherapeutic treatment of hematologic malignancies, in 
particular Burkitt lymphoma and acute B-cell lymphoblastic leukemia. TLS has only rarely been 
described following the treatment of solid organ tumors. Specific risk factors for the development of 
TLS include: 
Host-related factors
• Volume depletion
• Preexisting kidney disease
Disease-related factors
• Large tumor burden, “bulky” disease, or extensive bone marrow involvement
• High tumor proliferation rate
• Highly chemo- or radiosensitive tumors
• Lactate dehydrogenase (LDH) levels greater than 1500 IU (or twice the upper limit of normal)
• Uric acid level greater than 8.0 mg/dL

	 4.	 What	laboratory	findings	are	associated	with	TLS?
Laboratory analysis in TLS typically reveals hyperkalemia, hyperphosphatemia, hypocalcemia, 
hyperuricemia, and elevated LDH levels. In TLS, the uric acid and LDH levels are often quite elevated. 
Malignant cells can be very metabolically active, with large amounts of adenosine triphosphate,  
and can contain up to four times the amount of phosphorus found in normal cells. If AKI develops, 
decreased kidney clearance of phosphorus and potassium can worsen the hyperphosphatemia and 
hyperkalemia. Hypocalcemia develops in tumor lysis when calcium complexes with phosphorus.

Hyperuricemia develops in TLS as purine nucleic acids are released from cells that are often  
rich in nucleic acid material due to their high turnover rates. Purines are sequentially metabolized into 
hypoxanthine, then xanthine, and finally uric acid (Fig. 38.1). The intracellular enzyme LDH is often 
increased in TLS. The pretreatment LDH level is a risk factor for developing TLS because it is a 
marker of increased tumor burden.

	 5.	 What	are	the	findings	on	urine	microscopy	in	a	patient	with	TLS?
Urine sediment examination in a patient with acute TLS may reveal uric acid or calcium phosphate 
crystals, although the lack of crystalluria does not rule out TLS. When AKI develops, there will typically 
be evidence of tubular injury, with kidney tubular epithelial cells and granular or muddy-brown casts.

	 6.	 What	is	the	mechanism	of	uric	acid	formation?
As illustrated in Fig. 38.1, purines from nucleic acids (DNA, RNA) are metabolized to xanthine and 
hypoxanthine. Xanthine oxidase catalyzes their conversion to uric acid, which is less water soluble, 
especially in acidic urine. In other species, urate oxidase catalyzes the conversion of uric acid to  
the much more soluble allantoin, which is readily excreted by the kidneys. In humans and higher 
primates, a missense mutation in the gene encoding urate oxidase occurred during early hominid 
evolution, and the nitrogenous waste is excreted as uric acid.
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	 7.	 How	does	TLS	cause	AKI?
The primary mechanism of AKI in TLS is a crystal-induced nephropathy, usually due to uric acid. 
Glomerular filtration of uric acid followed by fluid reabsorption results in high concentrations within 
the tubular fluid, leading to the intratubular precipitation of uric acid crystals. Uric acid crystallization 
is further promoted by volume depletion (nausea and vomiting, diarrhea, poor sodium intake) and  
low urinary pH (from metabolic acidosis, diuretics, and volume depletion). The intratubular uric acid 
crystals cause tubular obstruction and may also cause tubular injury by stimulating an inflammatory 
response. Even if it does not crystalize, soluble uric acid may act as a kidney vasoconstrictor, 
exacerbating kidney hypoperfusion.

Uric acid is not the only nephrotoxin in TLS. Hyperphosphatemia may lead to the precipitation of 
calcium phosphate crystals, causing acute phosphate nephropathy. This is especially relevant where 
alkalinization of the urine is being used to protect against uric acid nephropathy, as alkaline urine 
promotes the precipitation of calcium phosphate stones.

	 8.	 Can	we	prevent	TLS	in	patients	at	high	risk?
• Hydration: The amount of hydration a patient requires is based on a clinical evaluation of volume 

status and should take into account comorbidities. Vigorous hydration is ideal, but it should be 
avoided in patients with impaired cardiac function or those with preexisting hypervolemia. In 
general, patients should receive at least 2 L/m2 per day beginning 24 hours prior to the 
administration of chemotherapy, with a goal urine output of greater than 100 mL/h. Increased 
hydration increases tubular flow, thus enhancing uric acid and phosphate excretion and decreasing 
intratubular concentrations.

• Alkalinization: Acidic urine promotes the crystallization of uric acid. By contrast, in alkaline 
environments, uric acid is converted to urate salts, which are more soluble. In theory, the 
administration of bicarbonate would increase the solubility of uric acid and diminish crystal-
induced injury. Maximal uric acid solubility occurs at a urine pH greater than 7.0. However, it 
should be noted that calcium phosphate crystals precipitate readily in alkaline environments and 
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Figure 38.1. Mechanism of uric acid formation.
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that xanthine and hypoxanthine crystals also precipitate at a higher urine pH. Thus the role of 
alkalinization in TLS is controversial and it is not routinely used.

• Allopurinol: Allopurinol and its metabolite oxypurinol are competitive inhibitors of xanthine oxidase. 
Xanthine oxidase is an enzyme found predominantly in the liver, which converts xanthine and 
hypoxanthine to uric acid. The blocking of xanthine oxidase decreases the production of uric acid. 
Allopurinol does not decrease the amount of uric acid already present; it only prevents the 
generation of additional uric acid and therefore should be started 48 to 72 hours prior to the 
initiation of chemotherapy.

• Rasburicase: This recombinant urate oxidase enzyme converts uric acid to allantoin, replacing the 
deficient enzyme in humans. Allantoin is 5 to 10 times more soluble than uric acid and is easily 
excreted by the kidneys. In high-risk patients, the drug should be given at least 4 hours prior to 
chemotherapy and continued for 3 to 5 days following initiation of chemotherapy. Rasburicase is 
very expensive; lower-dose and shorter-duration protocols are also used. Rasburicase will lower 
serum uric acid levels dramatically within 24 hours, and clinical studies have shown it to be 
effective in the prevention of TLS.

	 9.	 When	should	a	patient	get	prophylaxis	for	TLS?
Clinical judgment should be used to categorize patients as either low or high risk. Risk assessment 
should take into account the whole patient, keeping in mind the presence or absence of underlying 
kidney compromise, the type of malignancy, the tumor burden, and the prescribed chemotherapy. In 
general, patients at high risk have one or more of the risk factors described previously. Patients at low 
risk should receive intravenous hydration and allopurinol. Patients at high risk for TLS may receive 
intravenous hydration and rasburicase. Allopurinol and rasburicase are not given together because 
allopurinol blocks xanthine oxidase, thus decreasing the substrate for rasburicase.

	10.	 How	should	the	electrolyte	abnormalities	be	managed	in	TLS?
Hyperkalemia is a frequent laboratory abnormality in TLS as a consequence of potassium release from 
lysed tumor cells. If the amount of tumor lysis is massive, hyperkalemia can be life-threatening. 
Associated oliguria or anuria can worsen the clearance of potassium as urine flow drops off. 
Hyperkalemia in TLS is managed no differently than hyperkalemia from other causes (see Chapter 77).

In the absence of symptoms, it is not necessary to treat hypocalcemia in TLS. Worrisome clinical 
signs of symptomatic hypocalcemia include paresthesias, cramping, tetany, seizures, and a prolonged 
QT interval on electrocardiography. Symptomatic hypocalcemia is rare in TLS. Electrocardiographic 
changes such as a prolonged PR interval, widened QRS complex, or peaked T waves in the setting of 
hyperkalemia would also be an additional indication for calcium therapy. Hyperphosphatemia in TLS 
may be difficult to manage, as phosphate binders only decrease phosphorus absorption but do not 
decrease hyperphosphatemia from intracellular release.

	11.	 Once	a	patient	has	developed	TLS,	is	there	any	therapy	available	to	help	protect	the	kidneys?
Treatment of the metabolic sequelae of tumor lysis by increasing urinary flow with intravenous 
hydration and lowering uric acid with rasburicase are the keys to preventing AKI in TLS. Dialysis  
may be necessary to reverse the metabolic derangements in TLS.

	12.	 What	is	the	role	of	renal	replacement	therapy	in	the	treatment	and/or	prevention	of	TLS?
In general, indications for dialysis in patients with AKI secondary to TLS are similar to indications for 
dialysis in AKI from other causes. Indications include life-threatening hyperkalemia, volume overload 
refractory to diuretics, uremic pericarditis, or severe uremic encephalopathy. Dialysis has the added 
benefit of being able to clear uric acid and phosphorus, which may help prevent further kidney damage. 
If rasburicase is not available, early hemodialysis for uric acid clearance should be considered and has 
been shown to increase urine output in oliguric AKI. Clearance rates of uric acid with hemodialysis  
(70 to 145 mL/min) are much greater than with peritoneal dialysis (6 to 10 mL/min), making it the renal 
replacement therapy of choice.

 1. Tumor lysis syndrome typically occurs following chemotherapy in the treatment of acute hemato-
logic malignancies with a large tumor burden.

 2. Tumor lysis syndrome can cause profound electrolyte abnormalities (hyperkalemia, hyperphospha-
temia, hypocalcemia, and hyperuricemia) as a result of the release of intracellular constituents.

 3. Rasburicase, a recombinant uric oxidase, rapidly lowers uric acid levels; although expensive, it is 
commonly used in the prevention of acute kidney injury associated with tumor lysis syndrome.

KEY POINTS
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DYSPROTEINEMIAS

	 1.	 What	is	myeloma?
Myeloma is a hematologic malignancy comprising about 1% of all cancers. It consists of an excess of
clonally expanded cytogenetically heterogeneous bone marrow-derived plasma cells with two cardinal
features: a monoclonal immunoglobulin (the paraprotein or M-protein) and/or associated light chains
(LCs; kappa [] and lambda []) with bone destruction that usually manifests as osteolytic lesions. All
myeloma derives from a preclinical phase known as monoclonal gammopathy of unknown
significance (MGUS). Myeloma is diagnosed when there is clonal expansion of bone marrow plasma
cells .10% and any one myeloma-defining event using the CRAB criteria:
• Hypercalcemia
• Renal insufficiency
• Anemia
• Bone lesion
The most common class of whole immunoglobulin (Ig) is IgG followed by IgA and IgD. In
approximately 20% of patients only an associated LC component is detected. It is a disease of the
elderly, with the median age of diagnosis being older than 65 years of age. At diagnosis, there is
evidence of kidney damage in nearly half of patients and up to 10% will have severe kidney failure
requiring urgent dialysis. Kidney failure is most common in patients with IgD and LC myeloma.

	 2.	 How	does	myeloma	cause	acute	kidney	injury	(AKI)?
• Cast nephropathy
• Hypercalcemia-induced volume depletion
• Monoclonal immunoglobulin deposition disease (MIDD)
• Amyloidosis
• Proximal tubulopathy/Fanconi syndrome
• Cryoglobulinemia

The use of kidney biopsy to distinguish between these potential etiologies and to guide therapy
is frequently required.

	 3.	 What	is	cast	nephropathy?
The most common histologic finding in myeloma is cast nephropathy (MCN), which is characterized
by eosinophilic acellular fractured casts, with brittle cracks commonly in the distal tubules and
collecting ducts, and—to a lesser extent—in the proximal tubules with epithelial cell necrosis and
thinning and dilatation of the lumina. The casts are surrounded by inflammatory cells including
macrophages, multinucleated giant cells, and polymorphonuclear neutrophils. There is interstitial edema
and inflammation, and in the later stages interstitial fibrosis (Fig. 39.1). The casts usually stain for a
monoclonal LC. In some cases, casts are absent but the interstitial inflammation and fibrosis are present.

	 4.	 What	can	precipitate	AKI	in	myeloma?
Patients with myeloma are particularly vulnerable to factors that cause volume depletion or
sudden reductions in glomerular filtration. This is because these changes reduce tubular flow and
increase the exposure of the tubule to high LC concentrations. Classically, hypercalcemia related
to plasma cell-mediated bone destruction and the release of calcium causes volume depletion
and vasoconstriction, and is present in around 15% of patients at diagnosis. Non-steroidal agents
prescribed for bone pain and intravenous contrast agents used for diagnostic investigations also
abruptly reduce glomerular filtration and are associated with AKI, which is sometimes irreversible.
Sepsis resulting from chemotherapy and reduced Ig levels may cause AKI.
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Figure 39.1. Myeloma/light chain cast nephropathy. The tubular cast shows attached giant and inflammatory cells and 
distension of the lumen. There is interstitial inflammatory cellular infiltration (hematoxylin and eosin 340).

	 5.	 What	clinical	and	laboratory	clues	suggest	myeloma	as	the	cause	of	AKI?
The signs/symptoms of AKI due to myeloma are similar to typical AKI with a few additions. They
may have malignant bone pain, which is often low back pain resistant to rest or simple analgesics.
Myeloma should be suspected when the patient has any severe cytopenia (anemia, thrombocytopenia,
or pancytopenia resulting from marrow invasion by plasma cells), relatively preserved albumin-
corrected calcium (from bone release of calcium), immunoparesis (when all Ig classes are reduced),
or an increased globulin fraction. Urinalysis, although important, may be misleading, because the
increased urinary excretion of LCs associated with myeloma is not detected by testing for albumin
(e.g., Albustix) but only for total protein (e.g., sulfosalicylic acid test) or by specific urine electrophoresis
and immunofixation. The diagnosis of myeloma in AKI is now rapidly and preferentially made by the
measurement of the serum free light chain (sFLC) ratio (see Question 12).

	 6.	 What	specific	laboratory	diagnostic	tests	are	used	for	the	diagnosis	of	myeloma?
Serum protein electrophoresis (SPE) by separation of protein upon an agarose gel can detect the
whole Ig in the range of 1 to 5 g/dL, but it only detects increased LC in patients who have very
high levels of LC-only myeloma, and it is semi-quantitative. Serum immunofixation electrophoresis
(IFE) is around 10 times more sensitive for Igs and LC, but it is not quantitative. Urine IFE requires
concentrated urine samples for the detection of FLCs and can detect low levels of LC. The detection
of urine LC by the primitive techniques of boiling and precipitation was one of the earliest descriptions
of myeloma disease “mollities ossium” and its manifestations published in 1847 by Dr. Henry Bence-
Jones. Subsequently Korngold and Lapiri (designated Kappa and Lambda) raised antisera against the
two LC domains. Bence-Jones proteins are urinary FLCs detected by urinary protein electrophoresis
and immunofixation.

	 7.	 Why	measure	serum	FLCs?
Historically, the biochemical methods to diagnose myeloma, and especially LCs, via protein chemistry
have been problematic, slow to perform, and lacked both sensitivity and specificity. In contrast, the
measurement of serum FLC by nephelometry is rapid (hours); more sensitive (1 to 3 mg/L); and,
along with an SPE (to determine the presence or a whole Ig component), will diagnose the majority
of patients with myeloma, amyloidosis, and other MIDD and is now the preferred diagnostic test. An
abnormal sFLC ratio (normal / 0.26 to 1.65) is due to an overproduction of a single  or  clone
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(with suppression of the other) and this excess is detectable in the serum before urinary tubular
catabolism is exceeded and before the SPE or IFE is abnormal. In patients with chronic kidney
disease (CKD), significant accumulation of sFLC occurs (approximately fivefold) due to reduced
excretion; so the normal range is adjusted to reflect this ( / 0.37–3.17) and reduces the over-
diagnosis of monoclonal gammopathy in CKD. In patients with myeloma and severe AKI from MCN
the sFLC always exceeds 1000 mg/L and the ratio is always abnormal. The measurement of urine
FLC does not improve diagnostic yield, and the measurement of sFLC instead of urine IFE is now
incorporated into hematologic guidelines. Serial measurements of FLC also provide real-time and
quantitative monitoring of the response to chemotherapy and dialysis because of the short half-life
(hours) of the sFLC compared to whole Igs (3 weeks) when measured by SPE.

	 8.	 Why	are	LCs	toxic	to	the	kidney?
Kidney injury is principally related to the LC component of myeloma because, unlike Igs, LC are freely
filtered at the glomerulus and reabsorbed in the proximal tubule. Under normal conditions only small
amounts of LC are filtered and reabsorbed, but in myeloma the amount of LC may rise to extreme
levels that overwhelm the capacity and function of the proximal tubular cell (and induce proximal
tubular injury) and pass to the distal tubule where they interact with uromodulin (Tamm-Horsfall
protein) to form insoluble casts that obstruct the tubule, rupture the basement membrane, and induce
an inflammatory response.

Recent data suggest that the cysteine residues present at the N and C termini of the FLC-
binding domain are linked through an intramolecular disulfide bridge, which places the two histidine
residues in close proximity to permit potential ionic interaction with the CDR3 domain of FLC.
Capitalizing on this observation, a study analyzed this interaction and showed that the secondary
structure and key amino acid residues on the CDR3 of the FLCs were critically important determinants
of the molecular interaction with Tamm–Horsfall glycoprotein. These findings permitted the
development of a strongly inhibiting cyclized competitor peptide. When used in a rodent model of cast
nephropathy, this cyclized peptide construct inhibited cast formation and the associated functional
manifestations of AKI in vivo. However, not all LC are toxic, and some patients can excrete large
quantities without AKI. Specific molecular variants of the LC molecule form specific forms of kidney
injury, such as myeloma cast nephropathy or amyloidosis.

	 9.	 What	is	the	value	of	a	bone	marrow	biopsy	in	patients	with	myeloma	and	AKI?
Bone marrow biopsy is performed to confirm marrow involvement by clonally expanded plasma
cells and for the determination of cytogenetic abnormalities, which provide important prognostic
information regarding treatment and outcome. The bone marrow shows displacement of the normal
marrow by plasma cells, which ranges from complete replacement by sheets of tumor cells or as
nodular aggregates. The mature plasma cells have eccentric nuclei with “clock-face” chromatin
and plentiful cytoplasm, and the immature forms are pleomorphic with abnormal nuclear forms.
Immunoperoxidase stains show the tumor cells to stain positive with CD138 and a monoclonal LC
restriction (Fig. 39.2).

	10.	 When	should	I	perform	a	kidney	biopsy	in	patients	with	myeloma	and	AKI?
In patients with biochemically proven myeloma and AKI who do not show a prompt response to
hydration and the correction of precipitants, a diagnostic kidney biopsy to determine the cause
of kidney injury is suggested because of the variability in kidney etiology and the importance of
ensuring a correct histologic diagnosis. In patients with an excess of albuminuria rather than the
expected LC proteinuria, a biopsy is necessary to establish the presence of amyloidosis or other
glomerular disorders associated with LCs. The type and stage of disease (especially the degree of
tubular fibrosis) may influence the choice of chemotherapy and the consideration of adjunctive
treatments such as high cut-off (HCO) dialysis. Sometimes, the diagnosis of myeloma is made or
suggested by the kidney biopsy as the first investigation and subsequently confirmed with protein
chemistry.

	11.	 How	do	I	treat	myeloma	cast	nephropathy?
Myeloma cast nephropathy is a medical emergency and requires immediate diagnosis and early
institution of therapy to prevent irreversible kidney failure. There are two key treatment strategies.
• The first is to remove any precipitants (e.g., sepsis, non-steroidal antiinflammatory drugs,

hypercalcemia) and increase urine flow to reverse or prevent oliguria. The toxicity of LC in the
tubules in part relates to their concentration, and increasing tubular flow reduces this. Volume
expansion with normal saline (or sodium bicarbonate in the presence of acidosis) and the
maintenance of a high urine flow (ideally 3 L a day) with adequate oral fluids are required. The
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reversal of hypercalcemia with volume expansion and bisphosphonates with reduced dosing and 
infusion rates (as a result of tubular toxicity in kidney injury) is also indicated. An alternative to 
bisphosphonates is denosumab, which is not nephrotoxic. The use of furosemide may worsen cast 
formation and induce volume depletion; it should be used with caution or avoided.

• The second key strategy is the early use of chemotherapy (see Question 12) to reduce the LC load. 
In all patients, dexamethasone, 20 mg bid, which induces apoptosis of plasma cells, can be 
immediately commenced to rapidly lower the serum LC load.

A

B

A

B

Figure 39.2. (A) Multiple myeloma. The bone marrow is replaced by plasma cells showing nuclear chromatin clumping 
and eccentric nuclei (hematoxylin and eosin 340). (B) Multiple myeloma. Immunoperoxidase staining for CD138 and 
monoclonal antibodies will show membrane and cytoplasm staining (immunoperoxidase stain with monoclonal  
antibody 320).
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	12.	 What	chemotherapy	is	used	in	patients	with	myeloma	and	AKI?
Although myeloma and AKI are incurable, chemotherapy and the use of autologous stem cell 
transplantation (ASCT) have improved patient survival significantly. ASCT is now the procedure of 
choice for eligible patients and the avoidance of alkylating agents, such as melphalan, that impair 
stem cell harvest is preferred. Chemotherapy targeting rapid plasma cell killing and LC lowering 
should include the reversible proteasome inhibitor bortezomib (which does not need dose adjustment 
in kidney failure) alone or in conjunction with other agents. Lenalidomide, a derivative of thalidomide, 
has also shown great benefit for rapid lowering of LC, but it requires dose adjustment in kidney failure 
because of myelosuppression. Determining the optimal chemotherapy requires close collaboration 
between nephrologists and hematologists to individualize management decisions according to age 
and comorbidity, suitability for ASCT, eligibility for trials, and consideration of HCO dialysis.

	13.	 Does	plasmapheresis	remove	free	LCs	in	myeloma?
Patients with AKI from myeloma cast nephropathy have very high circulating and tissue FLC because 
of uncontrolled production and impaired excretion. The reduction of this burden by enhanced non-
kidney clearance while awaiting clinical benefit from chemotherapy may allow kidney recovery. 
Conventional dialysis has very low FLC clearance, and plasmapheresis was used to improve plasma 
clearance. The modeling of clearance suggests that plasmapheresis can reduce the FLC load, but 
because there is a high extravascular refilling and exchanges are limited to around 3.5 L volumes, it 
requires daily treatment. Comparison with daily dialysis using HCO membranes (see Question 14) 
suggests plasmapheresis is inferior, and clinical trials have not shown a benefit of plasmapheresis in 
MCN. Plasma exchange should be used only in patients with symptoms and signs of hyperviscosity 
(e.g., in IgA myeloma and Waldenström macroglobulinemia [WM]) when rapid lowering of whole Igs is 
required to alleviate symptoms.

	14.	 What	form	of	dialysis	is	best	for	patients	with	myeloma?
The use of dialysis is required in up to 10% of new patients with myeloma and AKI. Most often this is 
hemodialysis via central venous catheters. Until recently, only 15% of patients recovered kidney function, 
and there was a high mortality. However, long-term use of both peritoneal dialysis and hemodialysis has 
been used, and survival on dialysis, although reduced, depends on myeoma control by chemotherapy. 
Survival on dialysis is improved with increased response to newer chemotherapy agents. Kidney  
recovery with freedom from dialysis is associated with an even greater survival benefit. The use of HCO 
membranes for hemodialysis offers a novel method to remove large amounts of sFLC over extended 
dialysis (8 hours duration). In conjunction with chemotherapy, especially bortezomib, it is associated  
with kidney recovery rates of more than 70%. However, the true independent benefit of HCO, and  
its additional cost, when compared with the introduction of chemotherapy associated with rapid LC 
lowering alone, remains unproven by randomized clinical trial and therefore cannot be routinely 
recommended.

	15.	 What	is	MGUS?
MGUS is defined as a paraprotein ,3 g/dL, with ,10% plasma cells in the bone marrow and no 
evidence of end-organ damage (no anemia, lytic bone lesions, hypercalcemia, or kidney disease 
attributable to the paraprotein). Nearly 3% of individuals older than age 70 have MGUS. About 1%  
of patients with MGUS progress to symptomatic myeloma each year, so annual follow-up is required. 
Patients with a higher level of paraprotein (.1.5 g/dL), non-IgG paraproteins, and an abnormal sFLC 
ratio at diagnosis are more likely to progress. Patients with MGUS usually have no or low levels of 
Bence-Jones proteins.

	16.	 What	is	smoldering	myeloma?
Smoldering myeloma is an intermediate clinical stage of disease between MGUS and myeloma that 
has a much higher risk of progression to myeloma than MGUS (10% year or more). It is defined as a 
serum monoclonal protein (IgG or IgA) .3g/dL or a urinary monoclonal protein .500 mg/24 h, and/or 
clonal bone marrow plasma cells between 10% and 60% AND the absence of any CRAB feature. The 
early initiation of chemotherapy in this patient group may be considered to reduce the risk of organ 
damage by progression to myeloma.

	17.	 If	I	screen	a	patient	with	newly	found	kidney	impairment	and	find	a	monoclonal	protein,	how	do	I	
know	if	he	or	she	has	myeloma-induced	kidney	disease?
Of people older than 70 years, 3% have MGUS; this age group also has a high disease prevalence of 
diabetes and hypertension. Therefore, screening for alternative causes for kidney dysfunction in this 
age group will find patients with MGUS. The duration of the clinical history of kidney impairment and 
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the extent of diabetic complications are helpful in differentiating the cause. In general, patients with 
MGUS have low levels of monoclonal protein (,3 g/dL), a normal FLC ratio, an absence or low level of 
urine LCs, and no clinical evidence of myeloma (no osteolytic lesions, anemia, or hypercalcemia). In 
some cases, bone marrow or kidney biopsy may be required.

	18.	 What	is	Monoclonal	Gammopathy	of	Renal	Significance	(MGRS)?
MGRS is now used to define a group of B cell lymphoproliferative disorders and plasma cell disorders 
that do not meet criteria for myeloma, WM, or lymphoma/leukemia, yet lead to a histologically defined 
pattern of kidney injury directly attributable to the paraprotein or LC. In MGRS, the clonal expansion is 
often low and below any diagnostic threshold for malignancy yet the paraprotein or the LC component 
is associated with clinical disease of a heterogeneous and significant nature (e.g., amyloidosis, MIDD). 
Because they have not been previously considered a malignant disorder, this has restricted their 
access to therapy required for control of the clonal disorder and caused confusion with diagnosis and 
management. Separating them into a separate group allows better clinical management options and 
research focus.

	19.	 What	is	Waldenstrom	Macroglobulinemia	(WM)	and	does	it	cause	AKI?
WM is an IgM monoclonal-protein-secreting lymphoid and plasma cell malignancy. It usually 
manifests with anemia and fatigue, but it also may cause constitutional symptoms of fever, weight 
loss, and sweats; organ involvement with hepatosplenomegaly and lymphadenopathy; peripheral 
neuropathy; and features of hyperviscosity and cryoglobulinemia (rash). The diagnosis requires a 
monoclonal IgM protein and a bone marrow with .10% lymphoplasmacytic cell infiltration. Usually, 
the FLC component is kappa only, and urinary kappa LCs can be found in around 70% of cases. 
Kidney involvement with WM is uncommon and classic myeloma cast nephropathy is rare. Kidney 
involvement is glomerular and presents with hematuria/proteinuria, impaired kidney function, and 
rarely nephrotic syndrome. Histologically it takes the form of an immune-mediated glomerulonephritis 
with IgM deposition and/or features of cryoglobulinemia with intraglomerular thrombi. Treatment is 
delayed until patients develop significant end-organ damage or symptoms. Plasma exchange, 
rituximab, alkylating agents (chlorambucil), and the purine nucleoside analogues (fludarabine, 
cladribine) alone or in combination can be used.

	20.	 Do	plasmacytomas	involve	the	kidneys?
Plasmacytomas are solitary lesions of clonal plasma cells in bone or soft tissues (especially the upper 
respiratory tract) without plasma cell involvement of the bone marrow or any other features of 
myeloma. Approximately 50% have a small monoclonal serum protein. They do not involve the 
kidneys, although they can progress to myeloma. Elevated sFLC ratio at diagnosis is associated with a 
higher risk of progression.

	21.	 What	is	POEMS	syndrome?
The acronym POEMS refers to
• Polyneuropathy
• Organomegaly
• Endocrinopathy
• Monoclonal protein
• Skin involvement

POEMS is a very rare disease and requires a monoclonal plasma cell disorder with a progressive 
sensorimotor peripheral neuropathy and at least one other key criterion, particularly the presence of 
Castleman’s disease (angiofollicular lymph node hyperplasia) or osteosclerotic myeloma. In general, 
kidney involvement is not a usual feature, but when kidney involvement is present, it is unrelated to 
LC deposition. Definitive therapy is uncertain but may involve radiotherapy and chemotherapy 
regimens directed toward the myeloma component.

	22.	 What	is	amyloidosis?
Amyloidosis describes diseases characterized by the abnormal deposition of fibrils in extracellular 
tissues derived from an abnormal protein that is bound to serum amyloid P protein. When this 
abnormal protein is a LC (usually ), it is known as primary or AL amyloidosis. Other causes include 
the hereditary/genetic (AH; e.g., transthyretin) or secondary amyloidosis when chronic inflammation 
(e.g., familial Mediterranean fever) is associated with increased serum amyloid A protein (AA amyloid). 
These fibrils form tissue deposits within the body, especially the kidney, heart, liver, nerves, and gut. 
Although associated with myeloma in around 10% of patients, the majority present with organ 
dysfunction as a result of tissue infiltration rather than bone destruction.



DYSPROTEINEMIAS OR LIGHT CHAIN DISEASES 273

	23.	 What	are	the	histologic	features	of	amyloidosis?
Macroscopically the kidneys are enlarged, firm, and pale, and may be waxy. On light microscopy AA 
and AL amyloid have the same morphologic features and involve mainly the glomerulus and blood 
vessels, with less involvement from the tubulointerstitium. The glomerular deposits are seen 
predominantly in the mesangium as amorphous acidophilic deposits, weakly periodic acid–Schiff 
positive and negative or weakly positive with Silver stain (Fig. 39.3A). There is usually extension of the 
deposits along the peripheral capillary wall and the deposits form delicate spikes on the outer 
surfaces. The classical diagnostic test is the Congo red stain, which shows an orange-red color and 
apple-green birefringence when examined by polarized microscopy. Potassium permanganate 
bleaches AA amyloid. Specific immunohistochemistry tests identify Ig LCs or amyloid A protein, with 
the majority of AL amyloidosis caused by lambda LC deposits. Electron microscopy shows the 
distinctive amyloid fibrils, which are non-branching, are randomly arranged, measure 9 to 12 nm, and 
have electrolucent cores but cannot distinguish between AA, AL, and AH amyloidosis (see Fig. 39.3B).

	24.	 How	does	amyloidosis	present?
Patients with amyloidosis usually present with edema and nephrotic syndrome. However, restrictive 
cardiomyopathy, hepatomegaly (from infiltration), and peripheral neuropathy (carpal tunnel syndrome) 
are also common presentations. Severe edema, often with anasarca and pleural effusions, is common, 
and other clinical signs include easy bruising and macroglossia. Involvement of the adrenal glands 
can cause primary hypoadrenalism. In some cases, amyloid is confined to a single organ including 
bowel, bladder, and upper airways; these localized disorders are not usually associated with kidney 
disease. AA amyloid is usually associated with a chronic illness such as rheumatoid arthritis, 
bronchiectasis, or familial Mediterranean fever.

	25.	 What	is	the	diagnostic	test	for	amyloidosis?
Although the diagnosis is suggested by the finding of heavy albuminuria and bland urine sediment, a 
tissue biopsy is required to diagnose amyloidosis and distinguish between the various types (AL, AA, 
and AH). Amyloid deposits can also be found in virtually all other organs including the rectum, 
abdominal fat pad, and the bone marrow, and these are sometimes biopsied in preference to the 
kidney. The combination of SPE and serum FLC will be abnormal in 98% of patients with primary 
amyloidosis as a result of an LC disorder because of the increase in the abnormal (usually ) sFLC.

	26.	 How	can	we	treat	amyloidosis?
Primary amyloidosis frequently occurs in elderly patients, and therapy requires chemotherapy and/or 
ASCT to effect survival by reducing or eliminating the plasma cell clone responsible. Survival is based 
on the patient’s age and the extent of tissue involvement, with cardiac involvement suggesting a 
particularly poor prognosis. Prednisolone and melphalan have modest benefits on survival, and newer 
LC-focused strategies, including ASCT derived from studies in myeloma, are now recommended. The 
management of AA amyloidosis requires treatment of the underlying secondary disorder; AH treatment 
depends on the specific genetic mutation, and liver transplantation may be curative in some cases.

	27.	 What	are	the	MIDD?
The MIDD (which are now considered within the MGRS classification of disease) describe another 
histologic and clinical variant of abnormal tissue deposition resulting from a monoclonal-free LC (or, 
rarely, the heavy chain [HC] component of Ig alone or in combination with LC), which has some 
characteristics similar to amyloidosis in that abnormal extracellular protein deposition occurs, yet the 
microstructure differs because these proteins do not form fibrils and the deposits do not stain with 
Congo red. Typically, light chain deposition disease (LCDD) (also known as Randall’s disease) is 
associated with specific variants of the -LC variable region domain (types I and IV), which bind 
strongly and accumulate along the tubular and glomerular basement membrane, but also deposit in 
the mesangium where they induce the production of extracellular matrix and typical nodular 
glomerular lesions. The clinical presentation of both LCDD and heavy chain deposition disease (HCDD) 
is similar, and is usually with a glomerulonephritis or nephritic picture: hypertension, hematuria, and 
proteinuria with kidney impairment. Cardiac and hepatic involvement may also occur. Therapy is 
directed toward treatment of the LC with steroids and myeloma chemotherapy including ASCT,  
and clinical response is variable. Kidney transplantation has a high risk of recurrent disease.

	28.	 What	are	the	features	of	LCDD	on	kidney	biopsy?
LCDD, HCDD, and light and heavy chain deposition disease show the same morphologic features.  
The glomerular changes are heterogeneous and range from mild mesangiopathic changes to a 
mesangiocapillary (membranoproliferative) pattern with features similar to diabetic nodular 
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Figure 39.3. (A) Amyloidosis. The glomerulus shows marked mesangial expansion with amorphous deposits with loss 
of mesangial argyrophilia (arrows). Similar deposits are present in the arteriole (methenamine silver with periodic 
acid–Schiff counter stain 340). (B) Amyloidosis. Electron microscopy shows randomly arranged parallel bundles of 
straight fibrils (magnification 312,500).
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glomerulosclerosis (Kimmelstiel-Wilson type) but do not stain strongly positive with Silver stains. They 
are Congo red negative, and immunofluorescence microscopy shows monoclonal LC deposits in the 
glomerular basement membrane, the Bowman capsule, and the cortical and medullary tubular 
basement membranes (Fig. 39.4). Electron microscopy shows a band of dense granules usually in the 
inner position of the lamina densa of the glomerular basement membrane and the outer aspect of the 
tubular basement membrane.

	29.	 What	are	fibrillary	and	immunotactoid	glomerulonephritis?
Fibrillary and immunotactoid glomerulonephritis are very uncommon non-amyloid (Congo red 
negative) forms of Ig-associated kidney disease with abnormal tissue deposits from fibrils. Similar to 
LCDD, they usually present with a glomerulonephritis picture (hematuria and proteinuria, hypertension, 
and kidney impairment). They can only be distinguished from LCDD by kidney biopsy and especially 
electron microscopy, where the size and characteristics of the deposits differ (Table 39.1). Fibrillary 
glomerulonephritis does not usually associate with a paraprotein and has polyclonal IgG deposits, 
whereas immunotactoid disease may be associated with hematologic disorders (lymphoma, leukemia) 
and have monoclonal IgG or IgG  deposits and in some cases a circulating paraprotein. The 
treatment of fibrillary disease is often attempted with steroids and cytotoxics, but the response is 
poor. Immunotactoid disease may respond to treatment of the underlying hematologic disorder. 
Progression to end-stage kidney disease is frequent and can occur within a few years.

	30.	 Can	patients	with	CKD	and	dysproteinemias	receive	a	kidney	transplant?
Despite significant advances in diagnosis and chemotherapy, most patients with myeloma, 
amyloidosis, or LCDD are older and have significant comorbidity. Since the disease remains incurable 
with a high chance of recurrence, kidney transplant is rarely considered appropriate. A smaller group 
of younger patients with myeloma, after successful induction therapy and ASCT, may be considered 
suitable if prolonged disease remission (approximately 3 years) by standard criteria and if 
normalization of the sFLC ratio are achieved. In the absence of active LC myeloma, the risk of 
recurrent cast nephropathy is low. Surveillance after kidney transplant for disease recurrence is 
indefinite and would involve regular estimation of sFLC ratio because this is the most sensitive and 
specific marker of disease recurrence and provides an estimate of the risk of allograft injury. The 
results for LCDD suggest a very high risk of early and aggressive disease recurrence after kidney 
transplant in the absence of prolonged disease remission and ASCT. Rare cases of kidney 
transplantation in primary amyloidosis after chemotherapy and ASCT are also reported.

Figure 39.4. Light chain deposition disease. There is a heavy concentration of single light chain deposits along the outer 
aspect of the tubular basement membrane (immunofluorescence microscopy with antibody to single light chain 325).
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Table 39.1. The Clinical and Histologic Characteristics of the Dysproteinemias

MYELOMA
AMYLOIDOSIS 
(AL/AA/AH) LCDD

FIBRILLARY 
GLOMERULONE-
PHRITIS

IMMUNOTAC-
TOID GLOMERU-
LONEPHRITIS

WALDENSTRÖM 
MACROGLOBU-
LINEMIA

Clinical presentation Acute kidney injury Nephrotic syndrome Nephritic syndrome Nephritic syndrome Nephritic syndrome Nephritic or  
nephrotic  
hyperviscosity

Urinalysis Bland or proteinuria 
(no or minimal  
albumin)

Bland predominant 
albuminuria

Hematuria  
Proteinuria casts

Hematuria  
Proteinuria casts

Hematuria  
Proteinuria casts

Hematuria  
Proteinuria casts

Serum paraprotein 
class

IgD/IgA/IgG None None Uncommon IgG IgM

Serum free light 
chains

 and   .  (primary)
None (secondary/ 
hereditary)

 .  (LCDD) Unknown Unknown 

Histology

Light microscopy Interstitial fibrosis, 
edema, inflamma-
tion, and giant cells 
with distal casts

All show similar fea-
tures with acidophilic 
deposits in the me-
sangium, peripheral 
capillaries, and blood 
vessels

Heterogeneous most 
severe pattern is 
membranoprolifera-
tive (mesangiocapil-
lary) with nodularity

Heterogeneous  
mesangial to  
membrano- 
proliferative pattern

Heterogeneous  
proliferative to  
membrano- 
proliferative pattern

Subendothelial  
deposits and thrombi

Congo red stain Negative All positive Negative Negative Negative Negative

Immunofluorescence  or  only  .   .  Polyclonal IgG
 and 

Monoclonal IgG or 
IgG 6 IgM

IgM 6 IgG

Complement C3 Negative All negative Negative Positive Positive Positive

Electron microscopy Tubular crystals All show similar ran-
dom fibrils 8–12 nm

Amorphous dense 
deposits

Random fibrils  
15–30 nm

Parallel microtubules 
10–90 nm

Dense deposits  
6 cryoglobulin 
microtubules

Nephrotic syndrome 5 edema, hypoalbuminemia, and heavy albuminuria.
Nephritic syndrome 5 hematuria and proteinuria, hypertension, kidney impairment.
LCDD, Light chain deposition disease.
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KEY POINTS:  AMYLOIDOSIS
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	 1.	 Describe	the	demographics	of	renal	cell	carcinoma	(RCC).	How	many	cases	of	RCC	are	diagnosed
annually,	and	how	many	deaths	are	attributable	to	this	disease?	Is	RCC	more	common	in	males	or
females?	What	is	the	median	age	at	diagnosis	of	RCC?
In 2016, an estimated 62,700 cases of RCC were diagnosed, and 14,240 deaths were attributable to
the disease. Approximately 63% and 65% of diagnoses and deaths, respectively, occurred in males.
The median age at diagnosis is 65.

	 2.	 What	are	the	three	most	common	histologic	subtypes	of	RCC,	and	what	proportion	of	RCC	cases
do	they	account	for?
Clear cell RCC accounts for approximately 80% of cases, while papillary and chromophobe histologies
represent 10% and 5% of cases, respectively.

	 3.	 What	are	the	clinical	features	of	collecting	duct	(Bellini	duct)	carcinoma?	What	clinical	disorder	is
associated	with	the	medullary	variant	of	collecting	duct	carcinoma?
Collecting duct carcinoma comprises less than 1% of RCC cases, and has a particularly aggressive
phenotype. Medullary RCC represents a variant of collecting duct carcinoma, and was first noted to
occur among patients with sickle-cell trait.

	 4.	 What	are	common	presenting	signs	of	RCC?
Often, RCC presents as an incidental finding on radiographic imaging of the abdomen. With respect to
symptoms, common complaints include hematuria and flank pain. In the setting of metastatic disease,
patients may note bone pain, palpable adenopathy, or pulmonary complaints (i.e., shortness of breath
secondary to bulky lung disease or pleural effusions).

	 5.	 What	paraneoplastic	syndromes	are	associated	with	RCC?	What	is	Stauffer’s	syndrome?
Nearly 40% of patients with RCC develop paraneoplastic syndromes. RCC produces a range of ectopic
hormones, including parathyroid-like hormone, erythropoietin, insulin, gonadotropins, renin, and
placental lactogen. Clinically, this may manifest in a range of symptoms and laboratory abnormalities
including, but not limited to, hypertension (24%), hypercalcemia (10% to 15%), and erythrocytosis
(4%). Stauffer’s syndrome, which occurs in roughly 6% of patients, implies liver function test abnor-
malities but absent hepatic metastases. This reversible liver dysfunction is pathognomonic for RCC.

	 6.	 What	gene	is	disrupted	in	the	majority	of	sporadic	cases	of	RCC?
The VHL gene is disrupted in up to 70% of sporadic cases of RCC. In approximately 50% of cases,
somatic mutations occur, and in 10% to 20% of cases, the gene is hypermethylated. A consequence
of VHL mutation is upregulation of hypoxia-induced genes, leading to increased production of moieties
such as vascular endothelial growth factor (VEGF). This, in turn, causes increased tumor angiogenesis.

	 7.	 Describe	the	features	of	(1)	hereditary	papillary	renal	cell	carcinoma,	(2)	Birt-Hogg-Dubé	syndrome,
and	(3)	hereditary	leiomyomatosis/renal	cell	carcinoma	(HLRCC).
Hereditary papillary renal cell carcinoma is characterized by mutations in the MET proto-oncogene, located
at 7q31. The mutations are highly penetrant and autosomal dominant. The resulting tumors are classified
as papillary type 1 and are often multifocal and bilateral. Birt-Hogg-Dubé syndrome is characterized by the
triad of hair follicle hamartomas, lung cysts, and renal neoplasia. The disorder is caused by mutations in the
BHD gene, located at 17p11.2. While the disorder is highly penetrant with respect to lung and skin findings
(.85%), renal neoplasia only occurs in 25% to 35% of patients. Finally, HLRCC is characterized by muta-
tions in the gene-encoding fumarate hydratase (FH, located at 1q24-43). The resulting phenotype includes
type 2 papillary RCC, along with cutaneous and uterine leiomyomas.

	 8.	 What	is	the	staging	workup	for	RCC?
Guidelines from the National Comprehensive Cancer Network (NCCN) suggest that the initial workup
for RCC should include a complete history and physical, comprehensive laboratories (including a



280 ONCONEPHROLOGY

low-density lipoprotein [LDH] and urinalysis), and abdominal/pelvic computed tomography (CT) or
magnetic resonance imaging (MRI). If clinically indicated, an MRI of the brain and bone scan should
be ordered. If urothelial carcinoma is suspected, urine cytology or ureteroscopy should be considered.

	 9.	 For	patients	with	localized	RCC	(stage	I	to	III),	what	treatment	is	recommended	after	surgical
resection	of	the	tumor?	What	follow-up	exams	are	recommended	after	surgical	resection?
At present, no adjuvant therapy is recommended for patients with resected RCC. Follow-up (per
NCCN guidelines) is guided by risk stratification according to tumor, node, and metastasis (TNM)
staging. For example, patients with T1a disease are recommended to receive history and physical
and labs every 6 months for 2 years, and annually up to 5 years. Abdominal CT or MRI is recom-
mended within 6 months, and then at least annually. Imaging of the chest is recommended annually
for surveillance of metastases. In much higher-risk disease (e.g., stage II or III disease), history and
physical is recommended every 3 to 6 months for 3 years, then annually up to 5 years. Baseline CT
or MRI of the abdomen is recommended within 3 to 6 months, then every 3 to 6 months for 3 years,
and annually up to 5 years. Baseline CT of the chest is recommended on essentially the same
frequency. Bone scan is recommended as clinically indicated.

	10.	 In	which	patients	is	nephron-sparing	surgery	appropriate?
Nephron-sparing surgery is appropriate in selected patients who have multiple primaries, a uninephric
state, or kidney disease. Nephron-sparing techniques may also be used in selected patients with
small unilateral tumors.

	11.	 What	are	common	sites	of	metastasis	of	RCC?
RCC classically spreads to the lung, bone, brain, liver, and adrenal gland. With improvements in systemic
therapy, the rates of brain metastasis are steadily increasing. This is because the brain remains a “sanctuary
site,” where penetration of systemic therapy is highly variable.

	12.	 What	are	the	two	classes	of	agents	used	to	treat	metastatic	RCC?
The two broad classes of agents used to treat metastatic RCC include (1) immunotherapy and
(2) targeted therapy. Immunotherapy may be divided into the more classical cytokine-based treatments
such as interferon-a (IFN-a) and high-dose interleukin-2 (IL-2), and novel checkpoint inhibitors such
as nivolumab. Nivolumab inhibits programmed death-1 (PD-1), which sits at the T-cell and antigen
presenting cell interface and induces T-cell anergy. Targeted therapies include inhibitors of VEGF,
including the monoclonal antibody bevacizumab and the small-molecule tyrosine kinase inhibitors
such as sunitinib, pazopanib, sorafenib, and axitinib. Also U.S. Food and Drug Administration (FDA)
approved are two inhibitors of the mammalian target of rapamycin (mTOR), namely everolimus and
temsirolimus. Two multikinase inhibitors with affinity for a number of oncogenic drivers are lenvatinib
and cabozantinib. Beyond VEGF receptor, lenvatinib inhibits signaling through the fibroblast growth
factor receptor (FGFR), while cabozantinib inhibits signaling through MET and AXL.

	13.	 What	proportion	of	patients	responds	to	front-line	VEGF-directed	therapy?	What	is	the	typical	delay
in	cancer	growth	with	these	treatments?
VEGF-directed therapy still represents the mainstay of therapy for most patients with newly diagnosed
metastatic RCC. FDA-approved agents with category 1 recommendations include sunitinib, pazopanib, and
bevacizumab/IFN-a. Response rates range from 30% to 40% in the pivotal phase III studies assessing
these agents in the front-line setting, with a delay in cancer growth (or progression-free survival, PFS)
ranging from 9 to 12 months. Importantly, these therapies are not curative—however, with the advent
of new treatments for metastatic RCC, median survival has improved to roughly 3 years.

	14.	 What	proportion	of	patients	respond	to	therapy	with	high-dose	IL-2?	What	are	some	of	the	side
effects	of	therapy?
In a series of 259 patients treated at the NIH between 1986 and 2006, an overall RR of 20% was
noted with IL-2 therapy. All patients who experienced a partial response (12%) were noted to relapse,
with a median duration of response of 15.5 months. In contrast, 19 of 23 patients who experienced a
complete response remained disease free with a median follow-up ranging between 24 and 221
months. This experience is representative of others, suggesting that while the complete response rate
associated with high-dose IL-2 is relatively low, those patients who do develop a complete response
may experience a durable remission. The side effects of high-dose IL-2 weigh heavily in the risk-
benefit discussion with the patient. High-dose IL-2 causes vasodilatation, diarrhea, and a capillary
leak syndrome, all of which can contribute to hypotension and oliguria. Hematologic and hepatic
laboratory abnormalities are also frequently seen with IL-2 therapy.
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	15.	 What	are	common	side	effects	associated	with	VEGF-directed	therapies?
The most commonly reported moderate-to-severe side effects in the pivotal trial of sunitinib were 
hypertension, fatigue, diarrhea, and hand-foot syndrome. Similarly, diarrhea, rash, fatigue, and 
hand-foot skin reactions were the most frequently reported adverse events in the pivotal trial of 
sorafenib. Early results from the phase III randomized trial comparing pazopanib and placebo  
suggested the most frequent adverse events with pazopanib were diarrhea, hypertension, hair color 
change, nausea, and anorexia. Liver enzymes were also abnormally elevated in a large proportion 
of patients.

	16.	 How	are	mTOR	inhibitors	applied	in	metastatic	RCC?
Two mTOR inhibitors, everolimus and temsirolimus, have been approved for use in metastatic 
RCC. Everolimus was compared to placebo in a phase III study including patients who were  
refractory to sunitinib and/or sorafenib. In this study, everolimus therapy was associated with  
an improvement in PFS. As such, everolimus has been approved for use after failure of VEGF  
tyrosine kinase inhibitor therapy. In a randomized, phase II experience, the combination of lenva-
tinib and everolimus showed superiority over everolimus alone. For this reason, this combination 
may supplant everolimus monotherapy in the previously treated setting. In contrast, temsirolimus 
was approved based on a study comparing temsirolimus, IFN-g, and the combination of agents 
in patients with poor risk metastatic RCC. In the context of this study, poor risk was defined as  
having $3 of the following predictors of short survival:
• LDH . 1.5 3 the upper limit of normal
• Hemoglobin , lower limit of normal
• Corrected serum calcium .10 mg/dL
• Interval of ,1 year from original diagnosis to the start of systemic therapy
• Karnofsky performance score ,70, and (6) $2 sites of organ metastases.

Among the three treatment arms, temsirolimus was associated with improved overall survival. 
Considering this data, temsirolimus has been approved for the first-line treatment of poor-risk meta-
static RCC.

	17.	 What	side	effects	are	associated	with	everolimus	and	temsirolimus?
Class effects of the mTOR inhibitors include stomatitis, rash, fatigue, hyperglycemia, and hypertriglyc-
eridemia. Pneumonitis (potentially severe) has also been noted with use of these agents.

	18.	 What	side	effects	are	associated	with	nivolumab	(a	PD-1	inhibitor)	in	RCC?
The practitioner should be aware of potential autoimmune sequelae with novel checkpoint inhibitors. 
These include, for instance, autoimmune colitis, hepatitis, hypophysitis, thyroiditis, arthritis, and hepatitis. 
It is recommended that, in addition to surveillance for clinical manifestations of these symptoms, patients 
have frequent monitoring of hepatic and thyroid function. Prompt institution of steroids is recommended 
if these symptoms are recognized and other pertinent causes are excluded. Consultation with specialists 
is recommended. Salient to the theme of this text is autoimmune nephritis, which occurs sporadically  
but can be marked by rapid decline in kidney function. Biopsy can be used to diagnose autoimmune  
nephritis, with heavy immune infiltration of nephrons seen on pathology. Again, steroids may be used to 
treat this phenomenon.

 1. The incidence of renal cell carcinoma has been steadily increasing with increased use of computerized 
tomography and other radiographic studies for diagnosing abdominal conditions.

 2. Management of localized renal cell carcinoma largely entails surgical resection of the primary site 
and possibly adjacent lymph nodes.

 3. Systemic therapy for metastatic renal cell carcinoma can be broadly divided into two categories: 
targeted therapy and immunotherapy. Targeted therapy entails agents that block the vascular  
endothelial growth factor signaling pathway, while novel immunotherapies target programmed 
death inhibitor-1, thereby decreasing T-cell anergy.

 4. Vascular endothelial growth factor pathway inhibitors can cause hypertension and proteinuria.
 5. Novel immunotherapeutic agents, such as programmed death-1 inhibitors, can cause a wide range 

of immune-related side effects, including autoimmune nephritis. Prompt initiation of steroids should 
occur if this is suspected.

KEY POINTS
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	 1.	 Define	thrombotic	microangiopathy.
Thrombotic microangiopathy (TMA) is a pathologic description characterized by arteriole and capillary 
endothelial vessel wall damage that results in platelet activation, thrombosis, and damaged erythro-
cytes (schistocytes) leading to ischemia and organ failure. Several different clinical syndromes can 
present with the characteristic features of TMA.

	 2.	 What	are	the	clinical	features	associated	with	thrombotic	microangiopathy?
The main clinical features of all TMA syndromes include microangiopathic hemolytic anemia (anemia 
with the presence of schistocytes), thrombocytopenia, and altering degrees of renal and neurologic 
dysfunction. Due to the hemolysis, patients will have an elevated lactate dehydrogenase (LDH) and  
a low haptoglobin. The direct antiglobulin test (Coombs test) is negative because the anemia is  
nonimmune in nature.

	 3.	 What	are	the	most	common	clinical	syndromes	associated	with	thrombotic	microangiopathy?
• Shiga toxin–associated hemolytic uremia syndrome (ST-HUS)
• Thrombotic thrombocytopenic purpura (TTP)
• Atypical hemolytic uremic syndrome (aHUS)

	 4.	 Are	there	clinical	features	that	may	help	distinguish	between	these	clinical	syndromes?
Yes and no. HUS often presents with kidney injury, whereas TTP is associated with more neurologic 
dysfunction and less often kidney injury. Although these associations are “classic,” patients with TTP 
can have kidney injury and patients with HUS can have neurologic manifestations. The platelet count 
in aHUS as compared with TTP is rarely less than 80,000. The classic clinical pentad of TTP includes:
• microangiopathic hemolytic anemia
• thrombocytopenia
• acute kidney injury
• neurologic symptoms
• fever

	 5.	 What	are	the	underlying	pathophysiologic	mechanisms	of	the	major	TMA	syndromes?
• ST-HUS: This is caused by Shiga toxin secreted from strains of Escherichia coli (most common is 

E. coli O157:H7) or Shigella dysenteriae. Shiga toxin binds to vascular endothelial cells, renal 
mesangial cells, and renal epithelial cells, leading to cell damage.

• TTP: This is caused by a deficiency in von Willebrand factor–cleaving metalloprotease (A Disintegrin 
And Metalloproteinase with ThromboSpondin Motifs 13 [ADAMTS13]) that cleaves von Willebrand 
factor. The deficiency leads to large multimers of von Willebrand factor that increase the risk of 
platelet thrombi in small vessels.

• aHUS: This is caused by uncontrolled activation of the alternative complement pathway, leading to 
increased formation of the membrane attack complex injuring normal cells.

	 6.	 What	is	the	incidence	of	the	varying	clinical	syndromes	of	TMA?
• ST-HUS: 60 cases for 1,000,000/year in children ,5 years of age; 10 to 20 cases for 1,000,000/year 

in overall population including adults .18 years of age.
• TTP: 0.1 case for 1,000,000/year in children; 3 cases for 1,000,000/year in adults.
• aHUS: 1 case for 1,000,000/year in the overall population

	 7.	 Does	Shiga	toxin–associated	HUS	occur	more	often	in	children	or	adults?
ST-HUS occurs more frequently in children. When ST-HUS occurs in adults, the clinical manifestations 
are often more severe.



284 ONCONEPHROLOGY

	 8.	 Describe	the	presentation	and	clinical	course	of	patients	with	ST-HUS.
Patients often develop prodromal hemorrhagic diarrhea with associated abdominal pain after eat-
ing Shiga toxin–contaminated food. The kidney failure and other clinical manifestations (including 
thrombocytopenia and neurologic manifestations) develop after the diarrhea has begun to resolve. 
Among patients who develop Shiga toxin enteritis, 5% to 15% develop HUS. If neurologic abnormal-
ities and hypertension occurred, they can persist even after the acute phase is over. End-stage  
kidney disease (ESKD) is rare.

	 9.	 What	are	the	treatment	options	for	patients	with	ST-HUS?
The mainstay of treatment for patients with ST-HUS is supportive care. This entails aggressive sup-
portive care including hydration with intravenous fluids, supporting the anemia, and managing the  
renal failure with renal replacement therapy, if needed. There are no randomized clinical trial data  
to support plasmapheresis or eculizumab, but they have been used in severe ST-HUS with reported 
success, especially in Germany after the E. coli O157:H7 outbreak from contaminated bean sprouts 
in 2011 (Fig. 41.1).

ST-HUS

Evidence of shiga toxin
infection from
culture data

• Stool culture, PCR,
or ELISA

• Supportive care of 
AKI and anemia

• Plasma exchange (start 
urgently if high clinical 
suspicion given 
ADAMTS-13 
activity will take 
days to result)

• Glucocorticoids
• Supportive care of 

AKI and anemia
• Rituximab for relapsing 

disease or plasma
exchange/steroid 
dependent disease

• Eculizumab
• Plasma exchange 

(at least initially, 
while ruling out TTP,
confirming the 
diagnosis, and 
obtaining eculizumab)

ADAMTS-13
activity �10%

• Renal failure �neurologic
manifestations

Atypical HUS

TMA
Microangiopathic hemolytic anemia

(schistocytes, anemia, negative coomb’s
test, elevated LDH, low haptoglobin)

and thrombocytopenia

• Hemorrhagic diarrhea
• Abdominal pain

TTP
• Neurologic manifestations

�renal failure
• Possible fever

If no evidence of shiga 
toxin infection or 

ADAMTS13 activity
 �10%, consider aHUS

• Consider genetic testing
for CFH, CFI or
MCP mutations etc.

Figure 41.1. Thrombotic microangiopathy (TMA), approach to differential diagnosis, clinical characteristics, diagnostics, 
and management. CFH, Complement factor H; CFI, complement factor I; HUS, hemolytic uremia syndrome; ST-HUS, Shiga 
toxin–associated hemolytic uremia syndrome; TTP, thrombotic thrombocytopenic purpura.
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	10.	 Should	patients	with	Shiga	toxin	infection	be	treated	with	antibiotics?
No. This has remained a controversial subject for many years. A recent meta-analysis revealed that the
use of antibiotics in Shiga toxin infections was not associated with increased risk of developing HUS.
When the authors excluded papers that were at a high risk of bias and did not have an acceptable defi-
nition of HUS, there was a significant association between antibiotic use for Shiga toxin infections and
the development of HUS.

	11.	 What	is	the	pathway	that	is	dysregulated	in	atypical	HUS	(aHUS)?
The alternative pathway of the complement system is dysregulated in aHUS. In a steady state the
alternative pathway is always active. There is continuous production of C3b from C3 (called “C3
tickover”). C3b deposition in tissues leads to formation of the C5b-9 terminal complement complex,
which in turn leads to injury of normal cells. In atypical HUS the alternative pathway is dysregulated,
leading to increased C3b production. This allows for increased terminal complement complex and
thereby cell injury.

	12.	 What	are	the	genetic	mutations/other	causes	of	aHUS?
Hereditary aHUS is caused by loss of function mutations in regulatory genes, such as complement
factor H (CFH), complement factor I (CFI), thrombomodulin (THBD), membrane cofactor protein
(MCP), as well as gain-of-function mutations in effector genes complement factor B (CFB) and C3.
CFH mutations are the most prevalent. Currently, more than 30 mutations have been described.

Autoantibodies to CFH can result in a functional deficiency of CFH. These autoantibodies reduce
CFH binding to C3b, leading to a decrease in C3b activation. CFH antibodies account for approximately
10% of atypical HUS. Autoantibodies are mostly seen in children with aHUS.

	13.	 Do	all	mutations	in	the	genes	regulating	the	complement	pathway	cause	phenotypic	disease	of
atypical	HUS	(i.e.,	penetrance)?
No. The majority of complement mutations associated with aHUS are heterozygous with many
family members remaining asymptomatic. Penetrance of hereditary aHUS is estimated to be 50%
in carriers. This suggests that both genetic and environmental insults are required for disease
expression of atypical HUS.

	14.	 Does	the	underlying	genetic	defect	impact	clinical	outcomes	in	aHUS?
Yes. CFH mutations carry the worst prognosis, with approximately 70%–80% of patients developing
ESKD or dying from complications of aHUS. Mutations in CFI, CFB, C3, and THBD have a rate of ESKD
or death in the 60%–70% range. In contrast, patients with MCP mutations rarely develop ESKD or
death (,20%). Complement genetic studies are now commercially available and may be helpful to
confirm the diagnosis, as well as provide prognostic information.

	15.	 What	are	known	triggers	and	associations	of	aHUS?
Patients with aHUS have a genetic defect that renders them susceptible to end-organ damage. Hence
several triggers and associations have been identified. Infections with human immunodeficiency virus,
as well as bacterial infections with Streptococcus pneumoniae and Mycoplasma pneumoniae, are
known triggers of aHUS. Pregnancy and malignancy are also known triggers. Medications such as
calcineurin inhibitors (tacrolimus and cyclosporine), chemotherapeutic agents (i.e., mitomycin C,
cisplatin, and gemcitabine), and antiplatelet agents (clopidogrel, ticlodipine) have all been associated
with atypical HUS.

	16.	 What	are	the	treatments	available	for	atypical	HUS?
Anticomplement therapy is now the standard of care for the treatment of aHUS. Eculizumab is a
humanized monoclonal antibody directed against C5 of the complement cascade and thereby
inhibits the formation of C5a and C5b-9 membrane attack complex. Its use may be limited in
patients with C5 mutations. In patients with autoantibodies to CFH, eculizumab can be used in
addition to the consideration of immunosuppression with corticosteroids. The ongoing consider-
ations with regards to eculizumab use are the high cost of the medication and no clear criteria of
when to stop the medication. Plasmapheresis remains a part of initial therapy because there may
be a delay in diagnosis and/or obtaining the drug.

	17.	 How	do	ST-HUS	and	aHUS	vary	with	regard	to	kidney	transplant	outcome?
The outcomes for kidney transplant secondary to ST-HUS are good, whereas the outcomes for aHUS
are worse. In patients with prior history of aHUS, the disease recurs in approximately 50% of patients
who are transplanted. Graft failure occurs in 80% to 90% of patients with recurrent aHUS. Living
related renal transplantation is contraindicated in aHUS even if genetic screening is negative, because
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 1. HUS and TTP are clinical syndromes of TMA that present with microangiopathic hemolytic anemia, 
thrombocytopenia, and organ failure, typically of the kidney or the brain. 

 2. aHUS is caused by dysregulation of the alternative pathway of the complement system, resulting in 
increased activation of the complement pathway and cell damage. The overactivation of the pathway 
occurs either via a genetic mutation or autoantibodies to a regulatory protein.

 3. The renal outcome, clinical course, and success of transplantation in aHUS is influenced by the type 
of underlying genetic mutation. CFH mutations are associated with the worse prognosis and MCP 
mutations with the best prognosis.

 4. Typical or ST-HUS occurs most commonly in children who consume food contaminated with Shiga 
toxin–producing E. coli. ST-HUS rarely progresses to ESKD.

 5. TTP is caused by a genetic mutation in ADAMTS13 or an autoantibody to ADAMTS13. ADAMTS13 is 
an enzyme that cleaves vWF. The result of a genetic or functional deficiency in this enzyme leads to 
large multimers of vWF leading to platelet aggregation and thrombi formation.

KEY POINTS

of the risk of unidentified genetic susceptibility factors. Prophylactic treatment with eculizimab has 
been discussed as a therapeutic option.

	18.	 Does	the	type	of	underlying	genetic	defect	in	aHUS	impact	transplant	outcome?
Yes. Patients with an MCP mutation have the best outcome, with low rates of aHUS recurrence (,20%) 
and long-term graft survival similar to patients who underwent transplantation for other etiologies. 
Patients with CFH and CFI mutations have the worse outcome with transplantation; 70% to 90% 
have a recurrence.

	19.	 What	are	the	two	major	causes	of	ADAMTS13	deficiency	in	TTP?
The first cause is in an inherited form of TTP secondary to homozygous or compound heterozygous 
mutations in ADAMTS13 gene, hereditary TTP. The second, more common cause is autoantibody to 
ADAMTS13, acquired TTP.

	20.	 What	tests	can	be	used	to	help	diagnose	TTP?
In hereditary TTP, a genetic mutation of ADAMTS13 in the absence of an autoantibody is required for  
a diagnosis. In TTP, an assay to detect ADAMTS13 activity can be obtained. A level indicating less than 10% 
normal enzyme activity helps support the clinical diagnosis of TTP. The level is not sufficiently sensitive 
or specific and therefore needs to be used in addition to the patient’s clinic presentation (see Fig. 41.1).

	21.	 What	is	the	mainstay	of	treatment	for	patients	with	TTP?
Prompt initiation of plasmapheresis with fresh frozen plasma is the most important treatment for TTP. 
In acquired TTP, plasmapheresis has the benefit of removing the autoantibodies in the patient’s blood. 
In hereditary TTP, plasma infusion as opposed to plasmapheresis is indicated. Glucocorticoids may be 
of benefit in patients with acquired TTP (decrease the production of autoantibodies to ADAMTS13).

	22.	 Is	rituximab	indicated	in	patients	with	acquired	TTP?
Yes. Rituximab is an anti-CD20 monoclonal antibody. Its use in TTP is mainly indicated in adult TTP patients 
who are refractory to plasmapheresis and corticosteroids and in patients who have a relapsing course.
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	 1.	 What	is	Fabry	disease?
Fabry disease is a systemic, X-linked, lysosomal storage disorder that results from the deficient
activity of the enzyme a-galactosidase A (a-Gal A) and the lysosomal accumulation of its primary
glycolipid substrate, globotriaosylceramide (GL-3). The progressive GL-3 accumulation, particularly
in vascular endothelial lysosomes, leads to ischemia and occlusion of small vessels throughout
the body. Clinical onset in affected males with the Type 1 Classic phenotype occurs in childhood
or adolescence and is characterized by painful acroparesthesias, gastrointestinal dysfunction,
corneal dystrophy, absent or decreased sweat (anhidrosis or hypohidrosis), and cutaneous lesions
(angiokeratomas). With advancing age, the progressive glycolipid accumulation, especially in
podocytes and cardiomyocytes, leads to kidney failure, cardiac disease, ischemic strokes, and early
demise. Patients typically develop end-stage kidney disease (ESKD) in the third to fifth decades of life.
Female heterozygotes from Type 1 Classically affected families can be as severely affected as Type 1
Classically affected males, or may be asymptomatic throughout life, primarily as a result of random
X-chromosomal inactivation. Patients with the Type 2 Later-Onset phenotype lack the childhood
manifestations of the Type 1 Classic early-onset phenotype and often are unrecognized. Previously
undiagnosed males with both Types 1 and 2 Fabry disease have been identified in hemodialysis,
cardiac, and stroke clinics by screening patients for markedly deficient plasma a-Gal A activity. Such
studies have identified that 0.2% of males on hemodialysis have unrecognized Fabry disease. Since
the disease is X-linked, at-risk family members should be screened, and affected patients should
receive genetic counseling, medical evaluations, and early therapeutic intervention, especially in
males with the Type 1 Classic phenotype.

	 2.	 What	are	the	two	major	subtypes	of	Fabry	disease?
The two major subtypes of Fabry disease are the Type 1 Classic and Type 2 Later-Onset phenotypes.
The phenotypic subtypes are determined by the specific a-Gal A mutation; thus, all affected family
members will have the same phenotypic subtype. Affected males with the Type 1 Classic phenotype
have little, if any, a-Gal A enzyme activity (,1% of mean normal), whereas males with the Type 2 Later-
Onset phenotype have residual enzymatic activity, typically .1% of mean normal activity. Heterozygous
females from Type 1 Classic Fabry families have a wide range of clinical manifestations from
asymptomatic to severely affected, whereas heterozygous females from Type 2 Later-Onset families may
have symptoms later in life, including cardiac and kidney manifestations. Heterozygotes from Type 2
Later-Onset families are likely to be less involved clinically, but can have as severe manifestations as
their affected male relatives. Newborn screening studies have revealed that the Type 2 Later-Onset
patients are more commonplace than patients with the Type 1 Classic phenotype.

	 3.	 What	is	the	genetic	basis	of	Fabry	disease?
All cases of Fabry disease are caused by mutations in the gene GLA encoding the lysosomal hydrolase
a-Gal A. The GLA gene is located on the X-chromosome, and the disease is inherited as an X-linked
disorder. To date, more than 950 GLA gene mutations have been described. Type 1 Classically affected
males have mutations that result in essentially no enzymatic activity, whereas patients with the Type
2 Later-Onset phenotype have mutations that retain low levels of residual enzyme activity. There are
no common GLA mutations, and most GLA gene mutations are private, occurring in only one or a few
families. For both phenotypes, the sons of affected males will not have the disease, whereas all
daughters will be heterozygotes. For heterozygous females, there is a 50% risk of passing the GLA
gene mutation onto their children with each pregnancy:
• 50% of sons will be affected and 50% will not inherit the disease
• 50% of daughters will be heterozygotes and 50% will not inherit the disease gene

	 4.	 What	is	the	metabolic	abnormality	in	Fabry	disease?
The deficient or absent a-Gal A activity results in the accumulation of glycolipids with terminal
a-linked galactose molecules. As noted above, the major accumulated glycolipid is GL-3. In addition,
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galabiosylceramide, the blood group B glycolipid, and lyso-GL-3 accumulate in the lysosomes of 
various cell types. The major pathology leading to kidney failure results from the glycosphingolipid 
accumulation in the kidney microvascular endothelial cells, interstitial, mesangial, tubular cells, and 
particularly in the podocytes. In the Type 2 Later-Onset patients the kidney pathology results primarily 
from glycolipid accumulation in the podocytes.

	 5.	 What	are	the	clinical	findings	in	males	with	Type	1	Classic	and	Type	2	Later-Onset	Fabry	disease?
Clinical manifestations in Type 1 Classically affected males begin in childhood or adolescence.  
Most often, the first symptoms are painful acroparesthesias (especially during febrile illnesses); 
hypohidrosis; and gastrointestinal symptoms, including postprandial abdominal cramping, bloating, 
and diarrhea. Small petechial-like angiokeratomas, the classic cutaneous vascular lesions, typically 
are present in the umbilical and swimsuit regions in childhood. Type 1 Classically affected males also 
have a distinctive corneal dystrophy observed by slit-lamp microscopy, which does not affect vision. 
Microvascular involvement of the kidney begins in childhood; progresses to isothenuria, proteinuria, 
and tubular dysfunction; then, with advancing age, results in progressive kidney disease and ESKD 
typically by age 35 to 45 years. Dialysis and kidney transplantation are effective in correcting the 
kidney disease, and kidney transplants are not affected by the disease. All potential family donors 
should be evaluated to ensure that they are not affected or heterozygotes.

Other manifestations include lower extremity edema in the absence of significant kidney 
disease, hypoproteinemia, or varices; the lymphedema results from the accumulation of GL-3  
in the lymphatic vessels and nodes. Cardiac manifestations include arrhythmias (initially sinus 
bradycardia), valvular abnormalities, and left ventricular hypertrophy, which may lead to hypertrophic 
cardiomyopathy. Cerebrovascular disease manifests as transient ischemic attacks and stroke: the 
strokes often result from the cardiac arrhythmias. Progressive high-frequency hearing loss occurs  
in Type 1 Classically affected males in the third to fifth decades of life.

In contrast, males with the Type 2 Later-Onset phenotype lack the microvascular endothelial 
glycolipid deposition that leads to the early manifestations in Type 1 Classic males. Type 2 males 
develop renal disease and/or heart disease in their third decade of life, or later. The renal disease is 
characterized by increasing proteinuria due to progressive podocyte glycolipid accumulation, and can 
progress to renal failure. The heart disease is characterized by progressive cardiomyocyte glycolipid 
accumulation and typically results in the development of left ventricular hypertrophy (LVH) leading to 
hypertrophic cardiomyopathy (HCM). Type 2 males also may develop transient ischemic attacks (TIA) 
and strokes primarily due to cardiac arrhythmias.

	 6.	 What	are	the	clinical	findings	in	female	heterozygotes	with	Fabry	disease?
The clinical manifestations in heterozygous females from Type 1 Classically affected families range 
from as severely affected as males to asymptomatic throughout life. The variation in manifestations is 
primarily a result of random X-chromosomal inactivation. Kidney manifestations in heterozygotes can 
include isosthenuria, proteinuria, and the presence of leukocytes, erythrocytes, and hyaline and 
granular casts in the urinary sediment. Approximately 15% of heterozygotes will progress to ESKD, 
according to US and European registry data. Cardiac involvement, transient ischemic attacks, and 
strokes may occur in older heterozygotes. Heterozygotes from Type 2 Later-Onset families typically are 
asymptomatic for decades, but can develop kidney, cardiac, or cerebrovascular disease later in life.

	 7.	 What	is	the	“kidney	variant”	of	Fabry	disease?
The screening of patients undergoing hemodialysis by determining their plasma a-Gal A activity 
revealed that about 0.04% to 1.7% of males had unrecognized Fabry disease. Most of these males 
lacked the acroparesthesias, angiokeratomas, hypohidrosis, and corneal opacities that typically 
brought Type 1 Classically affected males to medical attention. In contrast, 41% of the hemodialysis 
patients had the Type 2 Later-Onset phenotype with GLA missense or alternative splicing mutations 
both encoding residual a-Gal A activity. These Type 2 Later-Onset males presented with kidney 
manifestations as early as the third or fourth decades of life. They were originally called “Kidney 
Variants,” but they also may have cardiac involvement, typically left ventricular hypertrophy. These 
patients are now more correctly designated as having the Type 2 Later-Onset phenotype.

	 8.	 What	other	abnormalities	may	be	associated	with	Fabry	disease?
Pulmonary involvement can manifest as dyspnea and wheezing, and pulmonary function tests may 
reveal an obstructive pattern. Most Type 1 Classically affected males and older heterozygotes may 
have tinnitus, bilateral hearing loss, and/or vertigo. Depression, anxiety, and fatigue are also seen in 
affected individuals.
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	 9.	 What	are	the	characteristic	kidney	biopsy	findings	in	Fabry	disease?
In patients with the Type 1 Classic Phenotype, chronic kidney disease is due to GL-3 accumulation 
primarily in the microvascular endothelium and podocytes. The typical concentric lamellar lysosomal 
inclusions, which appear like “onion skin” or “zebra bodies,” are best seen by electron microscopy. 
They also can be seen histologically as foamy periodic acid–Schiff positive inclusions on frozen 
sections. The podocytopathy causes proteinuria. To a lesser extent, and in later stages of disease,  
the proximal tubules, histiocytes, mesangial, and interstitial cells all develop glycolipid accumulation. 
Lipid-laden distal tubular epithelial cells and podocytes desquamate and can be detected by urine 
microscopy. Nonspecific pathologic changes such as arteriolar sclerosis, glomerular atrophy and 
fibrosis, tubular atrophy, and diffuse fibrosis can be seen in the later stages of disease. Biopsies early 
in the disease course will show histologically the foamy inclusions in most cell types, and early 
podocyte effacement is an important sign of kidney disease requiring treatment. The histology of the 
ESKD is not diagnostic, and electron microscopy is needed to visualize the characteristic lamellar 
cytoplasmic inclusions in the kidney lysosomes.

Of note, kidney glycosphingolipid accumulation in Type 2 Later-Onset males occurs primarily in 
the podocytes with little involvement of the glomerular vascular endothelial, interstitial, or mesangial 
cells.

	10.	 What	treatment	is	available	for	Fabry	disease?
Enzyme replacement therapy (ERT) has been shown to be safe and effective treatment for Fabry 
disease. Two preparations are available: agalsidase-alfa (Replagal; Shire Pharmaceuticals, Lexington, 
MA) and agalsidase-beta (Fabrazyme; Genzyme Corp., Cambridge, MA). Only agalsidase-beta is US 
Food and Drug Administration approved and commercially available in the United States. Agalsidase-
beta delivered intravenously at 1 mg/kg every 2 weeks has been shown in randomized, double-blind, 
placebo-controlled, clinical trials to clear the accumulated glycolipids from interstitial capillary 
endothelial cells of the kidney and to stabilize the estimated glomerular filtration rate. ERT with 
agalsidase-beta also cleared the GL-3 from the vascular endothelial cells in the heart and skin. A 
phase IV randomized, double-blind, placebo-controlled study in advanced patients with Fabry disease 
with mild to moderate kidney insufficiency demonstrated that agalsidase-beta slowed the progression 
of kidney dysfunction. Subsequent studies have shown that the addition of angiotensin-converting 
enzyme inhibitors or angiotensin II receptor blockade augments the kidney protective effects of 
enzyme replacement. Studies have compared the effect of dose in patients with Type 1 Classic 
disease.

	11.	 When	should	ERT	be	started,	and	what	are	the	risks?
Published guidelines suggest that ERT be initiated at the time of diagnosis in males older than 16 years 
and at the onset of significant symptoms in males younger than 16 years, and should be considered 
in asymptomatic males between the ages of 10 and 13 years. ERT is considered safe for use in 
children based on a pediatric trial. ERT should be started in heterozygous females with clinical 
symptoms or when there is evidence of organ involvement (i.e., proteinuria, cardiac dysfunction). ERT 
has been associated with infusion-related reactions for which pre-medication with an antipyretic and 
antihistamine is recommended. Type 1 Classically affected males typically develop IgG antibodies to 
ERT, and the titers tend to decrease with continued treatment. These antibodies may be neutralizing 
but have not affected efficacy based on kidney biopsies after 5 years of treatment.

 1. Patients undergoing hemodialysis may have unrecognized Fabry disease, a treatable X-linked  
kidney disease. The plasma a-galactosidase A (a-Gal A) assay reliably diagnoses affected males 
but not heterozygous females, who require mutation analysis for accurate diagnosis.

 2. Enzyme replacement therapy in Fabry disease can clear the kidney glycolipid accumulation and stabilize 
kidney function; early treatment and adequate dose (1 mg/kg every other week) are important.

 3. Females in families with X-linked Fabry disease can develop proteinuria and kidney failure.
 4. The differential diagnosis of postpartum proteinuria should include Fabry disease.
 5. Males undergoing hemodialysis can be screened for Fabry disease by identifying those with  

deficient plasma a-Gal A activity, and then confirming the diagnosis by mutation analyses. At-risk 
family members can then be diagnosed for genetic counseling, medical evaluations, and early  
therapeutic intervention.

KEY POINTS
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	 1.	 What	are	cystic	diseases	of	the	kidneys?
Cystic diseases of the kidney are a heterogeneous group of disorders that can be inherited, develop-
mental, or acquired (Box 43.1).

Kidney cysts are fluid-filled cavities lined by epithelial cells that derive primarily from the  
tubules or collecting duct, losing its connection with their origin tubule once developed. Various imag-
ing techniques can identify kidney cysts, which, depending on their characteristics and distribution  
and together with clinical and genetic information on the patient, can aid in the differential diagnosis 
(Fig. 43.1). In some the kidney cysts are the prominent abnormality, whereas in others the cysts are 
part of a more complex phenotype.

	 2.	 Which	kidney	cystic	diseases	are	the	most	common	ones?
Acquired simple kidney cysts are the most common abnormality and can be single or multiple. They 
are rare in children and individuals less than 30 years old, but the frequency increases with age. 
Among the inherited cystic diseases, autosomal dominant polycystic kidney disease (ADPKD) is the 
most frequent one followed by autosomal recessive polycystic kidney disease (ARPKD).

	 3.	 What	are	the	genetic	features	of	ADPKD?
ADPKD is a genetically heterogeneous disease, for which two different genes have been identified. 
PKD1, located on the short arm of chromosome 16, is responsible for approximately 85% of the cases 
in which a mutation has been identified, whereas PKD2, located on chromosome 4, accounts for 
nearly 15% of remaining cases with an identified mutation. PKD1 and PKD2 encode for polycystin-1 
and polycystin-2, respectively. These membrane-bound glycoproteins are located in the plasma  
membrane of the primary cilia and regulate calcium homeostasis. PKD1 is associated with more  

Box 43.1. Classification of Cystic Kidney Diseases

Autosomal dominant polycystic kidney disease (ADPKD)
Autosomal recessive polycystic kidney disease
Autosomal dominant or X-linked diseases in the  

differential diagnosis of ADPKD
• Tuberous sclerosis complex
• von Hippel-Lindau syndrome
• Hepatocyte nuclear factor-1 associated nephropathy
• Familial renal hamartomas associated with  

hyperparathyroidism–jaw tumor syndrome
• Orofaciodigital syndrome
Autosomal dominant medullary cystic kidney disease
(autosomal dominant tubulointerstitial kidney disease)
Hereditary recessive ciliopathies with interstitial  

nephritis and/or cysts
• Nephronophthisis
• Joubert syndrome
• Meckel-Gruber syndrome
• Bardet-Biedl syndrome
• Alström syndrome

• Nephronophthisis variants associated with skeletal 
defects

Renal cystic dysplasias
• Multicystic kidney dysplasia
Other cystic kidney disorders
• Simple cysts
• Localized or unilateral renal cystic disease
• Medullary sponge kidney
• Acquired cystic kidney disease
Renal cystic neoplasms
• Cystic renal cell carcinoma
• Multilocular cystic nephroma
• Cystic partially differentiated nephroblastoma
• Mixed epithelial and stromal tumor
Cysts not of tubular origin
• Cystic disease of the renal sinus
• Perirenal lymphangiomas
• Subcapsular and perirenal urinomas
Pyelocalyceal cysts

Modified from Torres, V. E., & Harris, P. C. (2016). Cystic diseases of the kidney. In B. M. Brenner (Ed.), The kidney (10th ed.). 
Philadelphia: W. B. Saunders.
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Figure 43.1. Algorithm diagnosis of cystic diseases of the kidney based on imaging characteristics, clinical presentation,
and pattern of inheritance. (Reproduced from Kim, B., King, B. F., Jr., Vrtiska, T. J., Irazabal, M. V., Torres, V. E., & Harris, P. C.
(2016). Inherited renal cystic diseases. Abdom Radiol (NY), 41, 1035–1051, with permission of Springer.)
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Figure 43.1. cont’d

severe disease compared with PDK2. This is due to the fact that patients with PKD1 develop more
cysts at an early age rather than faster cyst growth. There have been hundreds of different pathogenic
mutations identified in PKD1 and PKD2. It is thought that kidney cysts may develop from loss of func-
tional polycystin with somatic inactivation of the normal allele consistent with a “two-hit” mechanism,
but other genetic mechanisms may play a role. Between 7% and 10% of ADPKD cases remain geneti-
cally unresolved after genetic screening. Data suggest that mutations in GANAB, a coding gene that
encodes for a glucosidase-II alpha subunit, may account for approximately 3% of the genetically
unresolved ADPKD cases. However, due to the mild phenotype presentation of patients with mutations
in GANAB, it is possible that this account for a larger proportion of the missing genetic causes of
ADPKD and may be underdiagnosed.
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CRITERIA PKD1 PKD2
UNKNOWN ADPKD 
GENE TYPE

Revised Unified Diagnostic Criteria for ADPKD
15–29 $3 cysts, unilateral 

or bilateral
SEN 5 94.3% SEN 5 69.5% SEN 5 81.7%

30–39 $3 cysts, unilateral 
or bilateral

SEN 5 96.6% SEN 5 94.9% SEN 5 95.5%

40–59 $2 cysts in each 
kidney

SEN 5 92.6% SEN 5 88.8% SEN 5 90%

.60 $4 cysts, in each 
kidney

SEN 5 100% SEN 5 100% SEN 5 100%

Revised Ultrasound Criteria for Exclusion of ADPKD
15–29 $1 cyst SPEC 5 97.6% SPEC 5 96.6% SPEC 5 97.1%

30–39 $1 cyst SPEC 5 96.0% SPEC 5 93.8% SPEC 5 94.8%

40–59 $2 cyst SPEC 5 98.4% SPEC 5 97.8% SPEC 5 98.2%

Table 43.1.  Ultrasound Criteria for the Diagnosis of Autosomal Dominant 
Polycystic Kidney Disease

Note: These criteria if applied to magnetic resonance imaging or computed tomography will result in false- 
positive diagnoses.

ADPKD, Autosomal dominant polycystic kidney disease; PKD, polycystic kidney disease; SEN, sensitivity; 
SPEC, specificity.

	 4.	 How	is	ADPKD	diagnosed?
In patients older than 18 years with a family history of ADPKD, the diagnosis is primarily established 
by imaging studies. Patient counseling should always be done before performing imaging studies.  
Ultrasound is commonly used because it is noninvasive and inexpensive. Diagnostic criteria for ADPKD 
by ultrasound are summarized in Table 43.1. There are no preestablished diagnostic criteria for com-
puted tomography (CT) or magnetic resonance imaging (MRI), but ultrasound criteria could reasonably 
be applied to CT or MRI if restricted to cysts measuring $1 cm in diameter. Contrast-enhanced CT 
and MRI provide better anatomic definition than ultrasonography and are more helpful to ascertain the 
severity and prognosis of the disease. In addition, both techniques are used to better characterize  
cystic lesions and complications. MRI is the preferred imaging modality for following disease progres-
sion in these patients. It provides great cystic-parenchyma definition without requiring intravenous  
(IV) contrast. CT with contrast is also highly sensitive (detects cysts as small as 3 mm), and both  
techniques may provide useful information regarding extrarenal manifestations of the disease (liver, 
pancreas, spleen, and other organs). CT with contrast should be avoided if there is evidence of signifi-
cant risk of contrast nephropathy (see Chapter 13). CT (with and without contrast) is also helpful in 
assessing and identifying complications, such as nephrolithiasis, complex cysts, or cyst wall calcifica-
tions from old cyst hemorrhage. Kidneys, ureter, and bladder scan and tomograms may be helpful to 
differentiate uric acid stones from calcium stones, whereas dual energy computed tomography may 
help discriminate uric acid stones from other kidney stones. Indium 111 (111In) scans may be useful 
to identify infected kidney or liver cysts. Likewise, positron emission tomography (PET) scans may 
identify infected liver cysts.

Genetic testing (linkage analysis and direct DNA sequencing) is available as a clinical test and 
can detect PKD1 and PKD2 mutations in approximately 90% of confirmed cases. The ADPKD Mutation 
Database (http://pkdb.mayo.edu) lists known mutations of the PKD1 and PKD2 genes. Counseling 
should be done before genetic testing. Evaluation of family history may also provide important clues 
about the genetic variant, which has prognostic implications. For example, the presence of at least 
one affected family member who reached end-stage kidney disease (ESKD) at or before 55 years old 
is highly suggestive of a PKD1 mutation. Contrarily, the presence of at least one affected family 
member with either preserved kidney function or ESKD developed after 70 years old is highly indicative 
of a PKD2 mutation. Lastly, in patients with multiple bilateral cysts (10 or more per kidney) but 
negative family history, a presumptive diagnosis of ADPKD may be considered.

http://pkdb.mayo.edu
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	 5.	 Can	we	rule	out	ADPKD	in	individuals	with	normal	kidney	ultrasounds?
No, because the utility of ultrasound to exclude ADPKD is limited in individuals under 30 years old
with a family history of the disease, particularly those with PKD2 mutations. In these individuals,
MRI, CT, or genetic testing should be considered. Nevertheless, most ADPKD cases can be
confirmed or ruled out on imaging testing. Furthermore, a study has shown that fewer than
five kidney cysts on MRI are sufficient for excluding ADPKD in at-risk subjects between 16 and
40 years of age.

	 6.	 Which	are	the	most	common	extrarenal	manifestations	of	ADPKD?
Besides kidney cysts, patients with ADPKD frequently present extrarenal disease, including hepatic
cysts, cysts in other organs, cardiovascular manifestations, diverticular disease, and abdominal
hernias.

Polycystic liver disease (PLD) is the most common extrarenal manifestation of ADPKD and is
characterized by multiple cysts distributed throughout the liver parenchyma. Hepatic cysts are com-
monly seen in patients with ADPKD, and their prevalence is as high as 90% on screening MRI. In a
minority of patients, it can result in severe PLD requiring surgical intervention. The disease is usually
found in association with ADPKD but can occur in isolation, with only a small number of kidney cysts
(or even the total absence of cysts). Mutations in protein kinase C substrate 80K-H (PRKCSH) gene
on chromosome 19p13 and SEC63 homologue, protein translocation regulator on chromosome 6q,
account for more than 30% of isolated cases. Although most patients remain asymptomatic with
preserved liver function, abdominal pain, distension, and liver decompensation may occur due to
compressive effects of enlarged cysts.

Pancreatic cysts have been found in approximately 10% of patients with ADPKD. These are
more prevalent with increasing age. Pancreatic cysts are nearly always asymptomatic, but in very
rare occasions, cyst compression of the main pancreatic duct may cause recurrent pancreatitis. In
addition, a few cases of combined ADPKD and pancreatic carcinoma have been reported, suggest-
ing genetic interactions between ADPKD and pancreatic carcinogenesis. Asymptomatic arachnoid
membrane cysts and spinal meningeal cysts have been reported in a small proportion of patients
with ADPKD (8% and 2%, respectively). Arachnoid membrane cysts can increase the risk of subdu-
ral hematomas, and spinal meningeal cysts can leak and present with orthostatic headache due to
intracranial hypotension.

Ovarian cysts are not associated with ADPKD, whereas cysts of the seminal vesicles occur in
40% to 60% of men with ADPKD but rarely result in infertility.

Vascular manifestations are the most important noncystic complications and include intracranial
aneurysms (IAs), dolichoectasias, thoracic aortic and cervicocephalic artery dissections, and coronary
artery aneurysms. They are caused by alterations in the vasculature directly linked to mutations in
PKD1 or PKD2. Polycystin-1 and polycystin-2 are known to be expressed in vascular smooth muscle
cells. IAs represent the most feared vascular manifestation of ADPKD because their rupture carries a
35% to 55% risk of combined severe morbidity and mortality. The rate of IA in ADPKD patients ranges
from 6% (negative family history of IA) to 16% (positive family history of IA), approximately five times
more common than in the general population (1% to 2%). They are often asymptomatic (Irazabal
et al., 2015). However, focal findings such as cranial nerve palsy or seizure may result from compres-
sion of local structures.

Cardiac valvular abnormalities are common in patients with ADPKD. Mitral valve prolapse is the
most frequent valvular abnormality found in up to 25% of patients on echocardiography, whereas
aortic regurgitation and tricuspid prolapse may occur in a small proportion. Nevertheless, they rarely
require valve replacement, and screening echocardiography is not indicated unless a cardiac murmur
is detected on clinical examination.

The prevalence of colonic diverticulosis and diverticulitis in patients with ESKD with ADPKD is
significantly higher than in individuals with other kidney diseases (83% vs. 32%). However, whether
ADPKD patients with preserved kidney function show propensity for diverticular disease remains
unknown. The mechanisms implicated in the development of colonic diverticula may include
alterations in polycystin function, which can exacerbate aging-induced smooth muscle dysfunction.

Abdominal hernias (inguinal, incisional, and paraumbilical) are frequent in the ADPKD population.
Importantly, hernias are associated with complications (intestinal incarceration or strangulation) and
may cause problems in patients undergoing peritoneal dialysis.

	 7.	 What	are	the	most	frequent	complications	of	ADPKD?
• Hypertension: The majority of patients with ADPKD present with abnormal blood pressure levels.

Studies have shown that hypertension is diagnosed 15 years earlier in ADPKD patients compared
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with those with essential hypertension. Indeed, the prevalence of hypertension reaches 50% in  
patients aged 20 to 30 years, representing the initial presentation for 30% of ADPKD patients, but 
increases to 100% of those with ESKD.

• The pathogenesis of hypertension in ADPKD is complex, and the most plausible hypotheses include 
activation of the renin-angiotensin-aldosterone system, cyst expansion, intrarenal ischemia, and 
decreased expression levels of polycystin-1 and 2, and nitric oxide (NO) availability. Importantly, 
uncontrolled blood pressure is associated with increased mortality rates from valvular heart  
disease and aneurysms, increases the risk of proteinuria and hematuria, and increases speed of 
decline of kidney function. Therefore earlier detection and treatment of hypertension and more  
rigorous blood pressure control are important on these patients.

• Pain: Approximately 60% of patients with ADPKD suffer from pain, the most common 
symptom reported by adults with ADPKD. Pain is most commonly located in the flank, back, 
and abdomen and is primarily attributed to cystic compression of the kidney capsule and  
parenchyma, but it can also be caused by hemorrhage into a cyst, cyst rupture, or infection. 
Importantly, kidney stones or tumor should be always ruled out. Acute causes of kidney pain  
include renal hemorrhage, passage of stones, and urinary tract infections (UTIs). Cyst hemor-
rhages often resolve within a week, but if it is prolonged or if the initial episode occurs after 
the age of 50 years, screening to exclude neoplasm should be done. Although most patients 
with hepatic cysts are asymptomatic, cystic enlargement of the liver may also cause mechanical 
back pain.

• Nephrolithiasis: Kidney stones occur in 20% to 36% of patients with ADPKD. The most common 
types of stones are composed of uric acid or calcium oxalate. Metabolic factors such as low urine 
citrate and urine pH, and decreased ammonia excretion may predispose to stone formation, yet 
urinary stasis due to distorted kidney anatomy may also prompt stone formation. Abdominal CT  
before and following contrast enhancement is important to detect renal calculi. Stones may be 
missed if only a contrast-enhanced CT is performed.

• Urinary infections: In ADPKD, UTIs are more frequent in women than in men, as in the general 
population. UTIs are usually caused by gram-negative enteric bacteria (Enterobacteriaceae). Although 
CT and MRI can detect cyst complications and provide anatomic definition, none of these findings 
are specific for infection. Alternatively, nuclear imaging with 67Ga- or 111In-labeled leukocyte scans 
may be used, but false negative and false positive may occur. An 18-F-fluorodeoxyglucose PET 
scan is a promising agent for detection of infected cysts. However, its efficacy for diagnosing UTI is 
limited. When a kidney cyst infection is suspected, delayed images should be obtained. Finally, in 
the event that the clinical setting and imaging are suggestive of infection, but blood and urine  
cultures are negative, cyst aspiration should be considered.

• ESKD: ADPKD is the leading inheritable cause of ESKD, with 45% of patients with ADPKD developing 
ESKD by 60 years of age. Men tend to progress faster than women, which may be partly  
attributed to a greater prevalence and severity of hypertension. There is a strong relationship  
between kidney volume growth and glomerular filtration rate (GFR) decline.

	 8.	 Is	there	a	way	to	identify	disease	severity	and	predict	disease	progression	in	patients	with		
ADPKD?
Several factors contribute to kidney function decline. Cyst development is a continuous process that 
starts in utero and continues through the patient lifetime. The Consortium of Radiologic Imaging  
Studies of PKD has shown that higher kidney volumes are associated with faster declines in kidney 
function qualifying as a prognostic biomarker. As a result, total kidney volume (TKV) has been widely 
used as a primary or secondary end point in clinical trials. However, TKV has limitations as a surrogate 
marker for disease progression and does not always predict changes in kidney function. TKV is  
particularly inaccurate in patients with few large cysts or in patients with kidney atrophy secondary to 
ischemia or urinary tract obstruction. Furthermore, a higher TKV at an earlier age probably indicates a 
faster kidney growth rate. An imaging classification of ADPKD has been developed to identify patients 
with various degrees of disease severity and risks for progression to guide in the selection of patients 
for clinical trials or patients likely to benefit from effective therapies directed to slowing kidney 
growth. This classification uses CT and MR images and prespecified findings (Table 43.2) to assign 
patients as:
• Class 1: typical, bilateral diffuse presentation

• Class 1 is further divided into A to E based on height-adjusted TKV and age.
• Risk for declining GFR and ESKD increased progressively from class A to class E (Fig. 43.2).

• Class 2: atypical, asymmetric cyst distribution
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Table 43.2.  Classification of Autosomal Dominant Polycystic Kidney Disease 
Patients by Prespecified Imaging Findings

CLASS SUBCLASS TERM DESCRIPTION

1
Typical ADPKD

Bilateral and diffuse distribution, with 
mild, moderate, or severe replacement 
of kidney tissue by cysts, where all cysts 
contribute similarly to TKV.

2
Atypical ADPKD

A Unilateral Diffuse cystic involvement of one kidney 
causing marked kidney enlargement 
with a normal contralateral kidney  
defined by a normal kidney volume 
(,275 mL in men; ,244 mL in women) 
and having no or only 1–2 cysts.

Segmental Cystic disease involving only one pole  
of one or both kidneys and sparing the 
remaining kidney tissue.

Asymmetric Diffuse cystic involvement of one kidney 
causing marked kidney enlargement 
with mild segmental or minimal diffuse 
involvement of the contralateral kidney  
defined by a small number of cysts  
(i . 2 but ,10) and volume accounting 
for ,30% of total kidney volume.

Lopsided Bilateral distribution of kidney cysts with 
mild replacement of kidney tissue with 
atypical cysts where five cysts or less 
account for at least 50% TKV.

B Bilateral presen-
tation with  
acquired unilat-
eral atrophy

Diffuse cystic involvement of one kidney 
causing mod-severe kidney enlargement 
with contralateral acquired atrophy.  
(The largest cyst diameter is used to  
estimate individual cyst volume).

Bilateral presen-
tation with  
bilateral kidney 
atrophy 

Impaired kidney function (SCr $ 1.5 mg/dL) 
without significant enlargement of the  
kidneys, defined by an average length 
,14.5 cm, and replacement of kidney 
tissue by cysts with atrophy of the  
parenchyma.

ADPKD, Autosomal dominant polycystic kidney disease; TKV, total kidney volume.
Reproduced from Irazabal, M. V., Rangel, L. J., Bergstralh, E. J., Osborn, S. L., Harmon, A. J., Sundsbak, J. 

L., . . . CRISP Investigators. (2015). Imaging classification of autosomal dominant polycystic kidney disease:  
A simple model for selecting patients for clinical trials. Journal of the American Society of Nephrology, 26(1), 
160–172 with permission of the Journal of the American Society of Nephrology.

Class 2 includes patients who present with unilateral, segmental, asymmetric, or bilateral  
atypical presentation (class 2A) but also patients who present with bilateral distribution with acquired  
unilateral atrophy or bilateral kidney atrophy (class 2B). Patients qualifying as class 2A presented  
low risk for estimated glomerular filtration rate (eGFR) decline, and patients classified as 2B may  
not benefit from therapies directed to slowing kidney growth. For prognostic enrichment design in 
randomized clinical trials, it was proposed to exclude class 1A and 2 and to follow class 1B patients 
to more precisely define their risk for progression. An online tool to estimate height-adjusted total  
kidney volume and classify patients with typical ADPKD is available (http://www.mayo.edu/research/
documents/pkd-center-adpkd-classification/doc-20094754).

http://www.mayo.edu/research/documents/pkd-center-adpkd-classification/doc-20094754
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Figure 43.2. Imaging classification identifies groups of disease severity and predicts change in estimated glomerular 
filtration rate over time in patients with typical autosomal dominant polycystic kidney disease. (A) Classification of 
typical autosomal dominant polycystic kidney disease patients based on height-adjusted total kidney volume (HtTKV) 
limits for their age, assuming estimated kidney growth rates of 1.5%, 3.0%, 4.5%, and 6.0%, and three patient  
examples at the same age and their corresponding HtTKV. (B) Estimated glomerular filtration rate (eGFR) slopes 
derived from a longitudinal mixed effect prediction model were significantly different among all class 1 (typical) patients 
and were all significantly different from a control population of healthy kidney donors, except 1A. (Reproduced from 
Irazabal, M. V., Rangel, L. J., Bergstralh, E. J., Osborn, S. L., Harmon, A. J., Sundsbak, J. L., . . . CRISP Investigators. 
(2015). Imaging classification of autosomal dominant polycystic kidney disease: A simple model for selecting patients 
for clinical trials. Journal of the American Society of Nephrology, 26(1), 160–172. With permission of the Journal of the 
American Society of Nephrology.)
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	 9.	 What	other	prognostic	tools	besides	imaging	are	available?
• The mutated gene (PKD1 is worse than PKD2)
• Type of mutation in PKD1 (truncating mutations are worse than nontruncating)
• Male sex
• Diagnosis before the age of 30 years
• First episode of hematuria before age 30 years
• Onset of hypertension before age 35 years
• Hyperlipidemia
• Low high-density lipoprotein
• Sickle cell trait

Prognostic Model to Predict Survival to ESRD in ADPKD scoring system (PRO-PKD score)  
(ranging from 0 to 9) has been developed on the basis of PKD mutation and clinical parameters.  
A score of 3 has been shown to exclude progression to ESKD before the age of 60 years, and a 
score .6 predicts ESKD onset before the age of 60 years. The prognosis is uncertain in patients with 
an intermediate score (4 to 6 points).

	10.	 What	are	the	most	important	treatment	strategies	for	ADPKD?
Patients with ADPKD should be advised to adopt a healthy lifestyle. Early detection of hypertension, 
strict blood pressure control (130/80 mm Hg or lower) and low sodium intake (,2 g/day) are 
recommended because cardiovascular complications remain the most common cause of morbidity 
and mortality in ADPKD. Antihypertensive therapy with angiotensin-converting enzyme inhibitors or  
angiotensin II receptor blockers is recommended. Dual blockade (lisinopril-telmisartan), although 
safe, did not show a benefit, as compared with lisinopril alone, with regard to the change in TKV  
or eGFR in The Polycystic Kidney Disease Treatment Network (HALT PKD) study. Protein intake 
should be restricted to 0.8 g/kg of ideal body weight per day. Likewise, a low cholesterol  
(,200 mg/day) diet is recommended in patients with hypercholesterolemia. Caffeine consumption 
should also be limited because it may increase cyclic adenosine monophosphate levels.

Advancements in understanding the pathophysiologic mechanisms responsible for the disease 
have provided a foundation for the development and testing of potential new therapies. Among them, 
vasopressin 2 receptor antagonist (tolvaptan) has been the most successful pharmacologic interven-
tion at reducing the rate of TKV increase and kidney function decline in patients with ADPKD. The  
somatostatin analogues octreotide and lanreotide have shown a reduction in the average rate of TKV 
growth in the initial 6 or 12 months of treatment. Larger studies with somatostatin analogues are  
underway. mTOR inhibitors have been effective in slowing or arresting the progression of ADPKD in 
preclinical models, yet clinical trials in patients with ADPKD have been largely disappointing.

	11.	 Which	antibiotics	are	indicated	for	ADPKD	patients	with	UTI?
UTIs in ADPKD patients should be treated promptly because they may be complicated with septic 
shock or perirenal abscess and accelerate its progression to ESKD. Most UTI in patients with ADPKD 
are caused by Enterobacteriaceae. Intravenous antibiotics are needed initially for presentations with 
sepsis, acute pyelonephritis, or cyst infection, and the choice of antibiotics is dictated by antimicrobial 
susceptibilities whenever possible. Switching to oral antibiotics with good penetration into the cysts, 
such as quinolones and trimethoprim-sulfamethoxazole, can be considered after an initial favorable 
response with resolution of fever and pain. Prolonged antibiotic treatment for several weeks may be 
needed to eradicate the infection. Complications (e.g., obstruction, cyst infection, or infected stone) 
need to be excluded if there are relapses after completing antibiotic therapy. Percutaneous or surgical 
drainage may be required in some cases.

	12.	 Should	patients	with	ADPKD	be	screened	for	IAs?
Despite the relatively higher prevalence of IA in patients with ADPKD, widespread screening for IA in 
asymptomatic patients without personal or family history of IA or subarachnoid hemorrhage (SAH) is 
not recommended. Presymptomatic screening for IA is specially indicated in patients with family  
history of IA or SAH or high-risk occupations (e.g., pilots), as well as in those undergoing major  
surgical procedures (i.e., kidney transplant, liver resection) with risk of hemodynamic instability.

Magnetic resonance angiography is the gold standard for the screening of IA in patients with 
ADPKD. However, a thin-cut noncontrast CT is more sensitive than MRI for detecting SAH. Therefore 
CT should be performed in patients with known ADPKD who present with new-onset or severe head-
ache or other troubling central nervous system symptoms. Other treatable causes of headache  
(e.g., cervicocephalic artery dissection, subdural hematoma, leaking spinal meningeal diverticulum, or 
uncontrolled hypertension) should be considered.
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	13.	 Is	nephrectomy	indicated	in	ADPKD?
Indications for nephrectomy in patients with ADPKD include recurrent and/or severe infection, severe 
renal hemorrhage, intractable pain, and renal carcinoma. Pretransplant nephrectomy is not usually 
performed, to avoid the anephric state. Pretransplant nephrectomy should be considered only if an 
ADPKD kidney is sufficiently enlarged to interfere with the site of implantation of the donor kidney; in 
the event of frequent, recurrent infection or hemorrhage in the native kidneys; or when solid tumor 
cannot be ruled out. Hand-assisted laparoscopic nephrectomy is a feasible and safe procedure  
compared with open nephrectomy, which is associated with significant morbidity and mortality.

	14.	 Is	renal	cell	carcinoma	(RCC)	more	frequent	in	patients	with	ADPKD	than	in	the	general		
population?
No, the incidence of RCC is similar in ADPKD compared with the general population. However, patients 
with ADPKD may develop RCC at an earlier age and have an increased risk for developing sarcomatoid, 
bilateral, multicentric, and metastatic tumors. MRI and contrast-enhanced CT can be useful in the  
diagnosis. RCC appears on MRI as solid masses and may present restricted diffusion. On CT, speckled 
calcifications and contrast enhancement are highly suspicious for RCC. Thrombosis and lymphade-
nopathy can be seen in rare cases of RCC. Because of the multiple cysts, some necrotic or cystic RCC 
can be difficult to detect.

	15.	 What	are	the	clinical	features	of	ARPKD?
ARPKD, an inherited disorder that affects 1 in 20,000 live births, is an important cause of chronic kid-
ney disease in children. The disease commonly presents in neonates; in some individuals it is diag-
nosed later in life but is rarely diagnosed in adults. Typically, the severity of the kidney and hepatic 
manifestations is inversely correlated and depends on the age at diagnosis. ARPKD is caused by mu-
tations in the polycystic kidney and hepatic disease 1 (PKHD1) gene and is characterized by massively 
enlarged cystic kidneys, hepatic fibrosis, and pulmonary hypoplasia secondary to oligohydramnios, 
which may lead to respiratory insufficiency and death in one-third of affected newborns. Although  
siblings may suffer from ARPKD, the disease does not occur in their parents. More than half of the  
patients are detected during late pregnancy, and those who are undetected on prenatal evaluation 
usually survive the perinatal period.

The liver disease consists of enlargement and fibrosis of portal areas, bile duct proliferation, 
and hypoplasia of portal vein branches leading to portal hypertension; some patients have non-
obstructive intrahepatic bile duct dilatation (Caroli disease). A minority of affected individuals can 
present for the first time as older children or adolescents, usually with manifestations of portal  
hypertension as a result of congenital hepatic fibrosis (CHF) (gastrointestinal bleeding from varices, 
hepatosplenomegaly, or hypersplenism) or episodes of cholangitis resulting from Caroli disease. 
ARPKD is rarely diagnosed in adults. Genetic testing for ARPKD is available, with a mutation detec-
tion rate of approximately 95%. All reported associated gene mutations are archived in the ARPKD 
mutation public database.

	16.	 Can	we	clinically	distinguish	ADPKD	from	ARPKD?
Besides their different inheritance pattern, ADPKD and ARPKD exhibit important clinical differences. 
Despite cyst development starting in utero, ADPKD is typically an adult-onset disease. The disease is 
characterized by progressive bilateral cystic development and enlargement of the kidneys. GFR is  
preserved for many decades until it starts declining rapidly (4.4 to 5.9 mL/min/m2 per year). The mean 
age of onset of ESKD is 59 years, but approximately 15% of patients present with normal kidney 
function by the age of 80 years. In a small number of patients, ADPKD may present as very-early- 
onset disease with kidney enlargement in children younger than 18 months of age. In this setting,  
ADPKD may be confused with ARPKD. Unlike ADPKD, ARPKD typically presents in the neonatal period 
with enlarged echogenic kidneys with loss of corticomedullary differentiation on ultrasound. Clinically,  
ARPKD presents with nephromegaly, hypertension, and CKD. The kidney enlargement is characterized 
by fusiform dilatation of the collecting ducts and may be associated with renal calcifications. More 
than 50% of them progress to ESKD within the first 10 years of life. Liver involvement is characterized 
by hepatomegaly and CHF.

	17.	 What	is	medullary	cystic	kidney	disease	(MCKD)?
Autosomal dominant tubulointerstitial kidney disease, also known as MCKD, is a new term that has 
been proposed for a group of diseases with an autosomal dominant pattern of inheritance, character-
ized by small to normal size kidneys, cysts primarily located at the corticomedullary junction, associ-
ated with irregular thickening of the tubular basement membrane, tubular atrophy, and interstitial  
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fibrosis. The disease is caused by mutations in at least four genes: MUC1 (chromosome 1q22) encod-
ing mucin-1, UMOD (chromosome 16p12.3) encoding uromodulin, HNF1b (chromosome 17q12) 
encoding hepatocyte nuclear factor-1b, REN (chromosome 1q32.1) encoding renin.

Clinical presenting symptoms include polydipsia and polyuria, low-grade proteinuria, benign 
urine sediment, and subsequent development of CKD. These patients are commonly diagnosed and 
develop ESKD at a later age compared with those with nephronophthisis (NPHP). In addition, MCKD 
patients do not have extrarenal involvement, with the exception of gout. A history of gout at an early 
age or a strong family history of gout is suggestive of mutations in UMOD, whereas a history of 
anemia in childhood and mildly elevated serum potassium concentrations is suggestive of mutations 
in REN. If none of the preceding clinical characteristics is present, MUC1 molecular genetic testing 
should be considered.

Kidney transplantation is the preferred treatment for MCKD-induced ESKD. Exhaustive diagnostic 
evaluation should be performed in living related donors.

	18.	 What	are	the	main	characteristics	of	the	tuberous	sclerosis	complex	(TSC)?
TSC is an inherited disorder that affects 1:6000 newborns and is characterized by the potential for 
hamartoma formation in several organs, including the brain, heart, skin, eyes, kidney, lungs, liver, and 
gastrointestinal tract. Its inheritance is autosomal dominant with almost complete penetrance and is 
caused by mutations in the TSC1 (chromosome 9q34) or TSC2 (chromosome 16p13.3) genes, which 
encode the tumor suppressor proteins tuberin and hamartin, respectively. TSC2 and PKD1 genes are 
in close relationship and lie adjacent to each other on chromosome 16 at 16p13.3. Deletions inacti-
vating TSC2 and PKD1 are associated with polycystic kidneys diagnosed during the first year of life or 
early childhood, also known as TSC2/PKD1 contiguous gene syndrome. Therefore TSC should be 
considered in children with kidney cysts and no family history of PKD.

A definite diagnosis of TSC includes at least two major features (renal angiomyolipoma 
[AML], facial angiofibromas or forehead plaques, nontraumatic ungual or periungual fibroma,  
three or more hypomelanotic macules, shagreen patch, multiple retinal nodular hamartomas,  
cortical tuber, subependymal nodule, subependymal giant cell astrocytoma, cardiac rhabdomyoma, 
lymphangioleiomyomatosis) or one major feature plus two minor features (multiple kidney cysts, 
nonrenal hamartoma, hamartomatous rectal polyps, retinal achromic patch, cerebral white  
matter radial migration tracts, bone cysts, gingival fibromas, “confetti” skin lesions, multiple 
enamel pits).

Kidney manifestations, present in 50% to 80% of patients, include multiple AMLs, kidney  
cysts, and rarely (2% to 3%) RCCs. AMLs are the most common benign tumors of the kidney and are 
composed of abnormal vessels, immature smooth muscle cells, and fat cells. These tumors are the 
second most common cause of retroperitoneal hemorrhage, and they may also cause clinical problems 
secondary to compression and replacement of kidney tissue, leading to ESKD. Patients suffering from 
contiguous gene syndrome commonly develop ESKD at an earlier age compared with those with  
ADPKD alone. Genetic testing for TSC1 and TSC2 is clinically available.

	19.	 What	are	the	clinical	features	of	von	Hippel-Lindau	(VHL)	disease?
VHL disease is a rare autosomal dominant syndrome that affects 1:30,000 to 1:50,000 live births 
and is associated with germline mutations in the VHL tumor suppressor gene, located on the short 
arm of chromosome 3 (3p25-26). Clinical features include hemangioblastomas in the retina, brain, 
and spine, tumors of the endolymphatic sac, pheochromocytomas, and pancreatic cysts. In the 
kidney, VHL presents with multiple, bilateral, clear cell–lined cysts in 70% to 80% and multifocal 
and bilateral renal clear cell carcinoma in 40% to 60% of patients. Genetic testing for VHL is 
available as a clinical test.

	20.	 What	is	a	medullary	sponge	kidney	(MSK)?
MSK is a disorder characterized by dilated collecting ducts (precalyceal ducts) that may or may not 
contain calculi and/or nephrocalcinosis, and classic “papillary blush” or “paint brush” linear striations 
on intravenous urography (IVU) or CT urography. This characteristic appearance is the result of pooling 
contrast material within dilated collecting ducts in the tips of the renal papilla.

Although the prevalence in the general population is unknown, it is well represented among 
kidney stone patients (12% to 20% of calcium stone formers). MSK is incidentally diagnosed when 
IVU is performed for flank pain or indications other than renal colic. It can be seen in 1 in every  
200 IVUfs and is more frequent in women than men. Because conventional CT has almost completely 
replaced IVU, the diagnosis of MSK may now be made less often since the finding of medullary 
nephrocalcinosis on CT are suggestive, but is not diagnostic, of MSK. A multidetector-row CT using 
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high-resolution three-dimensional volume rendering late urographic images is required for a  
diagnosis of MSK by CT.

The disease may affect one, both, or only portions of the kidneys and is characterized by dilation 
(3 to 8 mm) of medullary collecting ducts, which in 50% of patients contain calcium deposits or 
stones and is the most common presentation of this disease. However, usually patients with MSK are 
asymptomatic and therefore remain undiagnosed for life. Other associated symptoms include macro-
hematuria and microhematuria and UTI.

	21.	 What	is	acquired	renal	cystic	disease	(ARCD)?
ARCD is a noninherited condition characterized by multiple small cysts (three or more per kidney) 
filled with serous fluid distributed throughout the renal parenchyma of patients with ESKD. There-
fore family and clinical history are often helpful for distinguishing ARCD from ADPKD. The preva-
lence of ARCD varies as a function of serum creatinine levels, being 7% to 22% in patients with  
CKD and serum creatinine greater than 3 mg/dL, 35% in patients with less than 2 years of dialysis, 
58% with 2 to 4 years, 75% with 4 to 8 years, and 92% in those undergoing dialysis for 8 or  
more years.

ARCD usually affects both kidneys equally, and the affected kidneys are typically small (,100 g), 
although a few exceptional cases may growth resembling ADPKD. Most patients with ARCD are  
asymptomatic, but hemorrhage may occur. Cysts often regress after kidney transplantation but may  
occasionally develop in chronically rejected kidneys. Importantly, patients with ESKD and ARCD have 
50-times higher risk of developing RCC during dialysis or after kidney transplantation compared with 
the general population. Risk factors for coexisting ARCD and RCC in ESKD patients include uremic  
toxins (p-cresol), ischemia, viral infections, tubular obstruction, and increased secretion of parathyroid 
hormone and growth factors. Carcinomas in patients undergoing dialysis are three times more  
common in the presence than in the absence of ARCD, and it is six times more common in large  
cystic kidneys than in small cystic kidneys. Therefore ultrasonography or MRI screening has been  
recommended after 3 years of dialysis, followed by screening for neoplasm at 1- or 2-year intervals 
thereafter.

 1. Cystic diseases of the kidney are a heterogeneous group of disorders with different origins.  
The presence of multiple bilateral kidney cysts should raise suspicion of inherited kidney cystic 
disease.

 2. Most of the time the differential diagnosis of cystic diseases can be made based on clinical  
presentation, family history, and imaging studies; genetic testing can be helpful in equivocal  
cases.

 3. ADPKD, the most common inherited cystic disease of the kidney, is a multisystem disease charac-
terized by the progressive development of bilateral kidney cysts but can additionally present with a 
wide variety of extrarenal manifestations that need to be recognized.

 4. Patients with ADPKD present with large phenotypic variability due to heterogeneity at the gene 
(PKD1 and PKD2) and mutation level but also genetic and environmental modifying factors.

 5. The vasopressin 2 receptor antagonist tolvaptan has been the most successful pharmacologic  
intervention thus far at reducing the rate of TKV increase and kidney function decline in patients 
with ADPKD.

KEY POINTS
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	 1.	 What	is	familial	or	inherited	hematuria?
Familial (inherited) hematuria is defined as a group of genetic kidney disorders that are clinically
characterized by the onset of persistent microscopic hematuria during childhood. The unifying feature
of these conditions is an abnormality in the network of type IV collagen in the glomerular basement
membrane (GBM). The major forms of familial hematuria are Alport syndrome and thin basement
membrane nephropathy (TBMN).

	 2.	 How	common	is	Alport	syndrome?
Alport syndrome is a rare condition, occurring in 1 in 50,000 individuals.

	 3.	 What	are	the	major	clinical	features	in	males	with	Alport	syndrome?
Males with Alport syndrome have persistent microscopic hematuria beginning in infancy. Episodes of
macroscopic hematuria may occur, but they become less frequent after adolescence. Proteinuria and
progressive chronic kidney disease develop as early as the second decade of life but may not be
present until well into adulthood. End-stage kidney disease (ESKD) develops in virtually all affected
males, but the rate of progression of kidney disease is variable between families. Overall, about 50%
of males reach ESKD by age 25, 90% by age 40, and 100% by 60 years.

	 4.	 What	are	the	major	clinical	findings	in	females	with	Alport	syndrome?
Females with Alport syndrome have a much milder course than do males, but should be characterized
as “affected individuals” rather than “carriers” who have an “at risk” state. Microscopic hematuria is
present in 95% of females, but significant proteinuria and progressive kidney dysfunction occur in
15% of females by the age of 60 years.

	 5.	 What	other	abnormalities	may	be	associated	with	Alport	syndrome?
High-frequency, sensorineural hearing loss typically begins in late childhood and ultimately develops in
70% of males with Alport syndrome by the age 40 years. Deafness ultimately develops in 80% of
affected males. A minority of females with Alport syndrome develop hearing loss. About 40% of males
with Alport syndrome exhibit characteristic ocular abnormalities. Twenty percent of patients have white
or yellow perimacular flecks, which increase in number with age. Twenty percent of patients have
anterior lenticonus, a protrusion of the central area of the lens into the anterior chamber, which can
result in recurrent corneal erosion. Leiomyomatosis and platelet abnormalities are occasionally seen.

	 6.	 What	are	the	characteristic	kidney	biopsy	findings	in	Alport	syndrome?
The pathognomonic kidney biopsy finding in Alport syndrome is diffuse thickening of the GBM with
splitting of the lamina densa, giving a basket-weave appearance on electron microscopy. In young
patients, both thickening and thinning of the GBM may be present, causing difficulty in distinguishing
the early stages of Alport syndrome from TBMN. Light microscopy shows segmental or global
glomerulosclerosis, interstitial fibrosis, and tubular atrophy.

	 7.	 How	is	Alport	syndrome	inherited?
The most common form of Alport syndrome is X-linked Alport syndrome (XLAS), which comprises 80%
of cases. Autosomal-recessive Alport syndrome (ARAS) comprises 15% of cases, and autosomal-
dominant Alport syndrome (ADAS) is rare, comprising only 5% of cases. Of children with XLAS, 10% to
15% have no family history of hematuria or kidney disease and are felt to represent de novo
mutations.

	 8.	 What	are	the	genetic	abnormalities	in	Alport	syndrome?
XLAS results from one of a variety of mutations in the gene for the alpha-5 chain of type IV collagen
(COL4A5) on the X chromosome. The result is an alteration in the structure of the alpha-5 collagen
chain, preventing normal incorporation of alpha-3 and alpha-4 collagen chains into basement
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membranes. ARAS results from homozygous or compound heterozygous mutations in both copies of 
either the COL4A3 or COL4A4 gene on chromosome 2. ADAS is caused by heterozygous mutations in 
either the COL4A3 or COL4A4 gene.

	 9.	 What	treatment	is	available	for	Alport	syndrome?
Currently, there is no definitive therapy for Alport syndrome. Treatment remains supportive in nature 
and should focus on the control of hypertension and the reduction of proteinuria to slow the 
progressive loss of kidney function over time. Angiotensin-converting enzyme inhibitors (ACEi) and/or 
angiotensin receptor blockers are useful agents and are recommended in patients with Alport 
syndrome with proteinuria greater than 200 mg/day, although there is some thought that the earlier 
initiation of ACEi before proteinuria develops may prove helpful. The metabolic consequences of 
chronic kidney disease should be carefully managed, and all affected family members should be 
identified by urine screening or genetic testing, if indicated.

	10.	 Are	there	any	special	complications	in	patients	with	Alport	syndrome	following	kidney	transplantation?
Patients with XLAS who undergo transplant have survival rates similar to or better than those with 
other inherited kidney diseases. However, 3% to 5% of transplanted males with Alport syndrome 
develop post-transplant anti-GBM nephritis, leading to rapid decline in allograft function despite 
aggressive therapy. This condition results from an immunologic response by the recipient to the 
alpha-5 chain of type IV collagen, a previously unrecognized antigen in the transplant recipient. The 
subset of patients with Alport syndrome at highest risk for this complication includes males with 
significant deafness and the onset of ESKD before the age of 30 years.

	11.	 What	is	TBMN?
TBMN is a form of inherited hematuria estimated to occur in 1% of the population. TBMN is 
characterized by persistent microscopic hematuria and occasionally episodic macroscopic hematuria. 
Proteinuria, hypertension, progressive loss of kidney function, and extrarenal abnormalities are not 
part of the clinical picture. The family history reveals individuals with persistent hematuria but none 
with associated ESKD or hearing loss.

	12.	 What	is	the	inheritance	pattern	of	TBMN?
TBMN follows an autosomal-dominant pattern of inheritance. Heterozygous mutations in the type IV 
collagen gene (COL4A3 and COL4A4) are causative, although the penetrance rate is only 70%.

	13.	 What	are	the	kidney	biopsy	findings	in	TBMN?
The pathognomonic kidney biopsy finding in TBMN is uniform thinning of the GBM (,250 nm) on 
electron microscopy, with attenuation of the lamina densa. Light and immunofluorescence 
microscopic analyses are usually normal.

	14.	 What	is	the	natural	history	of	TBMN?
In the majority of patients, TBMN is a benign condition in which progressive kidney failure does not 
occur. Rarely, patients may develop more significant kidney disease. For this reason, it is 
recommended that patients with persistent microscopic hematuria due to suspected TBMN have 
yearly follow-up with plans for diagnostic kidney biopsy if they develop proteinuria greater than  
1 g/day and/or impairment in kidney function. The biopsy is to confirm the diagnosis of TBMN and 
rule out other conditions, such as Alport syndrome and immunoglobulin-A nephropathy.

	15.	 What	is	nephronophthisis?
Nephronophthisis (NPHP) is an autosomal recessive cystic kidney disease that is now known to be 
included in a growing class of disorders called ciliopathies. NPHP is characterized by chronic 
tubulointerstitial nephritis with eventual progression to ESKD. NPHP is believed to account for 5% of 
pediatric ESKD in the United States and 10% to 25% of pediatric ESKD in Europe, and is therefore the 
most frequent genetic cause of ESKD in the first three decades of life. The three forms of NPHP 
include infantile (NPHP2), juvenile (NPHP1), and adolescent (NPHP3), with variable ages of onset. 
Juvenile NPHP accounts for the majority of affected individuals.

	16.	 What	are	the	clinical	features	of	NPHP?
Children with NPHP1 may have a subtle presentation, with progressive polyuria, polydipsia, secondary 
enuresis, impaired growth, fatigue, and pallor. Anemia is a prominent finding even before significant 
reduction in kidney function occurs. Progression to ESKD occurs on average at 13 years of age in 
children with juvenile NPHP, at age 1 year in infantile NPHP, and at age 19 years in adolescent NPHP. 
Hematuria, proteinuria, urinary tract infection, and hypertension are uncommon.
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	17.	 What	is	the	genetic	basis	of	NPHP?
NPHP is inherited in an autosomal recessive fashion. To date, 20 genes for NPHP have been identified, 
each coding for a nephrocystin expressed in the primary cilia of kidney epithelial cells and other cell 
types. Ciliary dyfunction leads to abnormalities in their flow, osmolal, or chemosensor functions. 
NPHP1, the most common gene for juvenile NPHP, is found in 20% to 40% of cases.

	18.	 What	extrarenal	findings	have	been	associated	with	NPHP?
Of patients with NPHP, 10% to 15% have extrarenal symptoms, including retinitis pigmentosa (Senior-
Loken syndrome), cerebellar ataxia (Joubert syndrome), developmental delay, skeletal anomalies 
(Jeune syndrome), and hepatic fibrosis. These findings are felt to be related to the presence of 
abnormal cilia in photoreceptors, chondrocytes, cholangiocytes, and other cells.

	19.	 What	are	the	ultrasound	findings	in	NPHP?
The kidney ultrasound of patients with NPHP may initially be normal; however, with time, it shows 
small, hyperechoic kidneys with small, 1 to 2 mm corticomedullary cysts. The absence of medullary 
cysts does not rule out the diagnosis of NPHP.

	20.	 What	are	the	kidney	biopsy	findings	in	NPHP?
Kidney biopsy in NPHP shows tubular basement membrane disruption, tubulointerstitial nephropathy, 
interstitial fibrosis, and corticomedullary cysts.

	21.	 What	is	the	treatment	for	NPHP?
There is currently no definitive treatment for NPHP. Treatment is focused on supportive therapy for 
progressive kidney dysfunction, control of hypertension, and early identification of affected family 
members. Kidney transplantation is successful, and recurrent disease in the kidney allograft has not 
been reported.

	22.	 What	is	autosomal	dominant	tubulointerstitial	kidney	disease	(ADTKD)?
ADTKD is a new terminology for a collection of rare inherited kidney diseases characterized by 
autosomal dominant inheritance, bland urinalysis, tubulointerstitial fibrosis, and slowly progressive 
kidney dysfunction. These disorders often present in young adulthood, between the ages of 20 and 50 
years. The diagnosis of ADTKD must be considered in any adult with chronic kidney disease unrelated 
to hypertension and diabetes, a bland urinalysis, and a positive family history of ESKD.

	23.	 What	is	the	genetic	basis	of	ADTKD?
Four forms of ADTKD have been identified, based on specific abnormalities in genes expressed in the 
tubular cells of the distal nephron. ADTKD-UMOD, the most common disorder, is associated with a 
mutation in the UMOD gene, which expresses uromodulin (Tamm-Horsfall protein). A cardinal feature 
of ADTKD-UMOD is hyperuricemia and early-onset gout. ADTKD-MUC1 is related to a mutation in the 
mucin-1 gene (MUC1), which codes for a transmembrane protein expressed in the distal nephron. 
ADTKD-REN, a rare disorder associated with a mutation in the gene for preprorenin (REN), is 
characterized by reduced renin production and mild hypotension. ADTKD-HNF1B is a disorder that 
involves a mutation in hepatocyte nuclear factor 1B (HNF-1B), a transcription factor that regulates multiple 
genes expressed in the kidney, pancreas, and liver. This disorder is associated with maturity-onset 
diabetes of the young (MODY-5), uterine malformations, gout, hypomagnesemia, liver abnormalities, and 
other systemic findings. There is a 30% to 50% de novo mutation rate in ADTKD-HNF1B.

	24.	 What	is	the	treatment	for	ADTKD?
Treatment of patients with ADTKD remains supportive in nature and should include blood pressure 
control, hydration, avoidance of nephrotoxins, and management of the complications of chronic kidney 
disease. In patients with ADTKD-UMOD, allopurinol may be used to control hyperuricemia, although its 
effectiveness at slowing the progression of kidney disease is uncertain.

 1. The major forms of familial (inherited) hematuria are Alport syndrome and TBMN.
 2. XLAS results from mutations in the gene for the alpha-5 chain of type IV collagen (COL4A5) on the 

X chromosome.
 3. NPHP is an autosomal recessive cystic kidney disease characterized by chronic tubulointerstitial 

nephritis and progression to ESKD.
 4. ADTKD are a group of rare monogenic kidney diseases characterized by interstitial fibrosis and 

slowly progressive kidney dysfunction.

KEY POINTS
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ACUTE TUBULOINTERSTITIAL NEPHRITIS

	 1.	 What	is	acute	tubulointerstitial	nephritis?
Acute tubulointerstitial nephritis (ATIN) is characterized by inflammation and edema in the  
kidney tubulointerstitium and can cause acute kidney injury (AKI). Definitive diagnosis is estab-
lished by kidney biopsy, though this may not be necessary if the index of suspicion for ATIN is 
high. A retrospective study done by Goicoechea showed that the incidence of ATIN, particularly 
ATIN in the elderly, has increased over the past decade due to a higher biopsy rate and/or an  
increased use of causative drugs, such as nonsteroidal antiinflammatory drugs (NSAIDs) and  
antibiotics.

	 2.	 What	are	the	most	common	causes	of	ATIN?
The most common causes of ATIN are classified as below:
• Drugs
• Infection 
• Autoimmune systemic diseases
• Idiopathic

Drugs account for most ATIN cases. Drug-induced ATIN is not dose dependent, but rather is  
an idiosyncratic reaction. Repeat exposure to the same drug or a closely related agent can lead to  
recurrence of the disease process (Table 45.1).

	 3.	 Describe	the	pathogenesis	of	ATIN.
ATIN is caused by an immune reaction in the kidney. Drug-induced ATIN is caused by a cell-mediated, 
delayed-hypersensitivity type of immune response characterized by infiltration of CD41 T cells. 
In addition, an antibody-mediated response may play a role given high serum immunoglobulin  
(Ig)E levels and, rarely, anti–tubular basement membrane (anti-TBM) staining on kidney biopsy.

	 4.	 What	are	the	characteristic	histopathologic	findings	in	ATIN?
• Presence of an inflammatory cell infiltrate in the interstitium
• Interstitial edema
• Tubulitis
• Other findings may include: 

• Granulomas in the interstitium. As seen in sarcoidosis, Sjögrens, and tubulointerstitial nephritis 
and uveitis (TINU)

• Anti-TBM antibodies
• Diffuse foot process effacement. As seen in NSAID-induced minimal change disease.

• Normal glomeruli and vessels. This, in particular, distinguishes tubulointerstitial nephritis from  
inflammatory glomerular diseases (e.g., glomerulonephritides)

	 5.	 What	are	the	clinical	manifestations	of	ATIN?
ATIN may be asymptomatic, but in some patients it presents with fatigue, fever, nausea, vomiting, 
rash, or arthralgias. The classic triad of fever, maculopapular rash, and peripheral eosinophilia that 
was originally described with methicillin-induced ATIN is seen in less than 10% of ATIN cases.

	 6.	 What	are	the	laboratory	manifestations	of	ATIN?
• Azotemia (elevated blood urea nitrogen and serum creatinine)
• Peripheral eosinophilia
• Eosinophiluria
• Sterile pyuria (occasionally, white blood cell [WBC] casts)
• Microscopic hematuria (very rarely, red blood cell [RBC] casts)
• Proteinuria (usually ,3.5 g/day, with the exception of NSAID-induced ATIN)
• Renal tubular acidosis (RTA; varies depending on which segment of the renal tubule is affected)
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Table 45.1. Drugs Causing Acute Tubulointerstitial Nephritis

Antimicrobial  
Agents
Acyclovir

Ampicillina

Amoxicillin
Aztreonam
Carbenicillin
Cefaclor
Cefamandole
Cefazolin
Cephalexin
Cephaloridine
Cephalothin
Cephapirin
Cephradine
Cefoxitin
Cefotetan
Cefotaxime

Ciprofloxacin
Cloxacillin
Colistin
Cotrimoxazolea

Erythromycin
Ethambutol
Foscarnet
Gentamicin
Indinavir
Interferon
Isoniazid
Lincomycin

Methicillina

Mezlocillin
Minocycline
Nafcillin
Nitrofurantoina

Norfloxacin
Oxacillina

Penicillin Ga

Piperacillin
Piromidic acid
Polymyxin acida

Quinine
RIFAMPICINa

Spiramycina

Sulfonamides
Teicoplanin
Tetracycline
Vancomycin

NSAIDs, Including  
Salicylates
Alclofenac
Azapropazone

Aspirin
Benoxaprofen
Diclofenac
Diflunisala

Fenclofenac

Fenoprofen
Flurbiprofen

Ibuprofen

Indomethacin
Ketoprofen
Mefenamic acid
Meloxicam
Mesalazine (5-ASA)

Naproxen
Niflumic acid
Phenazone

Phenylbutazone
Piroxicam
Pirprofen
Sulfasalazine
Sulindac
Suprofen

Tolemetin
Zomepirac
Analgesics
Aminopyrine
Antipyrine
Antrafenin
Clometacina

Floctafenina

Glafenina

Metamizol
Noramidopyrine

Anticonvulsants
Carbamazepine
Phenobarbital

Phenytoina

Valproate sodium

Diuretics
Chlorthalidone
Ethacrynic acid

Furosemidea

Hydrochlorothiazidea

Indapamide
Tienilic acida

Triamterenea

Others
Allopurinola
Alpha-methyldopa
Azathioprine
Bismuth salts
Captoprila

Carbimazole
Chlorpropamidea

Cyclosporine

Cimetidine
Clofibrate
Clozapine
D-penicillamine
Fenofibratea

Gold salts
Griseofulvin
Interferon
Interleukin-2

Omeprazole
Phenindionea

Phenothiazine
Phenylpropanolamine
Probenecid
Propranolol
Propylthiouracil
Ranitidine
Streptokinase
Sulphinpyrazone
Warfarin

aDrugs that can induce granulomatous acute interstitial nephritis.
Drugs most commonly involved are shown in capital letters.
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Wu et al. investigated the use of urine biomarkers in the evaluation of drug-induced ATIN  
and found that urinary monocyte chemotactic peptide-1 (MCP-1) levels showed the closest correla-
tions with interstitial inflammation when compared to other urine biomarkers, such as neutrophil  
gelatinase-associated lipocalin (NGAL), a1-microglobulin (a1-MG), and N-acetyl-B-D-glucosaminidase 
(NAG). 

	 7.	 What	is	the	importance	of	eosinophiluria	in	ATIN?
Eosinophiluria is a nonspecific finding that can be seen in a variety of conditions (e.g., acute pyelone-
phritis, acute glomerulonephritis, acute cystitis, and prostatitis). Muriithi et al. found that even at a  
5% cut-off, urine eosinophils are poorly discriminated between ATIN and other forms of kidney  
disease.

	 8.	 What	drugs	cause	ATIN?
The three most common drug classes that cause ATIN are: NSAIDs, proton-pump inhibitors, and  
antibiotics. Different drug classes are associated with different manifestations of ATIN. For example, 
while beta-lactam antibiotics may be associated with a systemic allergic response (fever, rash, and/or 
peripheral eosinophilia), NSAID-induced ATIN is not typically associated with extrarenal symptoms. 
ATIN secondary to NSAIDs may manifest 6 to 18 months after initiation of the medication. A large  
percentage of patients with NSAID-induced ATIN have nephrotic syndrome. Withdrawal of NSAIDs 
leads to recovery in most cases, though recovery may take up to 12 months. 

	 9.	 Which	autoimmune	diseases	are	associated	with	ATIN?
Lupus nephritis, sarcoidosis, Sjögren disease, ANCA-associated vasculitis, and Crohn disease. See 
more on this in the section “Chronic tubulointerstitial disease” below.

	10.	 What	is	the	role	of	gallium	scanning	in	the	diagnosis	of	ATIN?
The presence of an active interstitial inflammatory infiltrate in ATIN leads to a diffuse, intense kidney 
uptake of the gallium67 radioisotope. This finding is nonspecific and can be seen in many causes of 
AKI. Note that acute tubular necrosis (ATN) is characterized by decreased uptake of gallium67, thus 
the gallium scan may be useful in distinguishing ATIN from ATN. 

	11.	 What	is	the	most	definitive	means	to	diagnose	ATIN?
Definitive diagnosis is made by kidney biopsy. Because it is common practice to withdraw the sus-
pected etiologic agent and carefully observe the kidney function in the ensuing days, kidney biopsies 
are not always performed in suspected cases of ATIN.

The most common indications for doing a kidney biopsy in suspected ATIN are as follows:
• Unexplained AKI
• Absence of improvement after withdrawal of suspected offending agent
• Consideration of immunosuppression for treatment of suspected ATIN

	12.	 What	are	the	treatment	options	for	ATIN?
• Withdrawal of offending agent
• Corticosteroid therapy
• Steroid-sparing immunosuppressive therapy

To date, the optimal treatment for ATIN is unclear. There have been no randomized, controlled  
trials investigating the use of immunosuppressive therapy for treatment of ATIN.

Corticosteroids may be considered in patients with biopsy-proven ATIN in whom there is  
prolonged and/or progressive kidney dysfunction despite withdrawal of the offending agent. There is 
no standardized treatment regimen for ATIN. Typically oral prednisone is started at 1 mg/kg per day 
and tapered off over 8 to 12 weeks. 

Preddie et al. reported the use of mycophenolate mofetil (MMF) for 13 to 34 months in a group 
of patients who were steroid dependent for up to 6 months.

For now, one may consider the use of MMF for those who have biopsy-proven ATIN, who are  
either intolerant of, dependent on, or resistant to corticosteroids.

	13.	 What	is	the	typical	course	of	ATIN?
The majority of suspected cases of ATIN, whether treated by withdrawal of the suspected offending 
agent alone or with immunosuppression, result in the recovery of kidney function in a few days to 
weeks. Prolonged kidney dysfunction (.3 weeks) and the presence of interstitial fibrosis and tubular 
atrophy on histopathology are considered poor prognostic features.
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CHRONIC TUBULOINTERSTITIAL NEPHRITIS

	14.	 What	is	chronic	tubulointerstitial	nephritis?
Chronic tubulointerstitial nephritis is characterized by the presence of chronic interstitial inflammation, 
interstitial fibrosis, and tubular atrophy, which leads to chronic kidney disease (CKD). Causes of 
chronic tubulointerstitial nephritis are listed in Box 45.1.

Different diseases affect different segments of the tubule. The functional abnormalities depend 
on the tubular site of involvement. For example, Sjögrens leads to distal tubular injury and is associ-
ated with metabolic acidosis (type 1 RTA) and hypokalemia. Injury involving the kidney medulla is 
characterized by impaired ability to concentrate urine, as seen in sickle cell nephropathy (Box 45.2).

Box 45.1. Causes of Chronic Tubulointerstitial Nephritis

Primary or Idiopathic
Epstein-Barr virus

Secondary
Infections
Polyomavirus
Pyelonephritis (acute and chronic)

Drugs
Analgesic abuse nephropathy
Lithium-induced kidney disease
Acyclic nucleoside inhibitors
Calcineurin inhibitors
Aristolochic acid/Chinese herb nephropathy
Chemotherapeutic agents: cisplatin, ifosfamide,  
carmustine

Heavy Metals
Lead nephropathy
Cadmium

Hematologic Diseases
Multiple myeloma
Lymphoproliferative disorders
Light chain disease
Sickle cell nephropathy

Obstructive Uropathy
Reflux nephropathy

Immune-Mediated Diseases
Sarcoidosis
Lupus
IgG4-related disease
Primary Sjögren’s syndrome
Tubulointerstitial nephritis with uveitis
Idiopathic hypocomplementemic interstitial  
nephritis

Metabolic Disorders
Hyperoxaluria
Hypercalcemia/hypercalciuria
Hypokalemic nephropathy

Genetic Disorders
Cystinosis
Dent disease

Miscellaneous
Endemic (Balkan) nephropathy
Radiation nephritis

Box 45.2. Clinical Features of Chronic Tubulointerstitial Nephritis

Electrolyte and Acid-Base  
Disorders
Proximal RTA or Fanconi  
Syndrome
Myeloma
Dent disease
Cystinosis

Distal RTA
Bacterial pyelonephritis
Reflux nephropathy
Lithium
Lead
Myeloma
Light chain disease

Lupus nephritis
Hypercalcemia
Sjögrens disease

Hyperkalemia (Type 4) RTA
Reflux nephropathy
Lead
Lupus nephritis
Sickle cell nephropathy
Sodium wasting

Clinical Syndromes
Kidney Stones
Hypercalcemia
Hyperoxaluria
Uric acid nephropathy
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Box 45.2. Clinical Features of Chronic Tubulointerstitial Nephritis—cont’d

Dent disease
Sarcoidosis

Nephrogenic Diabetes Insipidus
Lithium
Cisplatin
Hypokalemia
Hypercalcemia
Dent disease

Acute Kidney Injury
Pyelonephritis
Analgesic nephropathy
Lithium

Calcineurin inhibitors
Cisplatin
Myeloma
Lymphoma
Lupus nephritis
Hypercalcemia
Uric acid nephropathy
Radiation nephritis

Papillary Necrosis
Acute pyelonephritis
Analgesic nephropathy
Sickle cell nephropathy

RTA, Renal tubular acidosis.

	15.	 What	common	infections	cause	chronic	tubulointerstitial	nephritis?
• Chronic pyelonephritis

• Chronic bacterial infections of the urinary tract are among the most common causes of chronic
tubulointerstitial nephritis. The majority of these cases are associated with vesicoureteral reflux
(VUR)—hence the term “reflux nephropathy.” For those not associated with VUR, however, the
disease is termed “chronic pyelonephritis.”

• Clinically, patients with chronic pyelonephritis present with symptoms consisting of fever and
chills, dysuria, vague flank or back pain, and hypertension. Some patients may present with
tubular abnormalities, such as impaired urinary concentrating ability, hyperkalemia, and salt
wasting, all of which reflect distal tubular dysfunction. Chronic or repeated urinary tract
infections are predisposing risk factors.

• Examination of the urine often reveals an active urinary sediment consisting of WBCs and
WBC casts.

• Grossly, the kidneys may appear contracted.
• Histopathologically, findings are similar to other forms of chronic tubulointerstitial nephritis, with

tubular atrophy and interstitial fibrosis. Lymphocytes and mononuclear cells predominate the
chronic inflammatory infiltrative population.

• Xanthogranulomatous pyelonephritis
• Persistent chronic pyelonephritis can progress to a localized infection called “xanthogranulo-

matous pyelonephritis.” Typically, this is associated with urinary tract obstruction. There is
ischemia and destruction of kidney parenchymal tissue, granuloma formation, and subsequent
accumulation of lipid deposits. These lipid deposits are actually lipid-laden macrophages
called foam cells.

• Symptoms are similar to those of chronic pyelonephritis. Characteristically, a distinct mass
may be palpable over the affected “nonfunctioning” kidney.

• Urine cultures are usually positive for E. coli, other gram-negative bacilli or Staphylococcus
aureus.

• Computed tomography, the imaging modality of choice, may show the source of obstruction
(stone), an enlarged kidney, and dilated calyces. Neoplasm must be excluded.

• On intravenous pyelography, the involved kidney may contain a localized abscess-like area,
which may look like a complex cyst or tumor.

• Current treatment recommendations consist of antibiotic therapy combined with total or partial
nephrectomy.

	16.	 What	medications	are	commonly	associated	with	chronic	tubulointerstitial	nephritis?
Analgesics, lithium, calcineurin inhibitors, Chinese herbs, chemotherapeutic agents, and heavy metals
are associated with chronic tubulointerstitial nephritis.

	17.	 What	is	analgesic	abuse	nephropathy?
Prolonged use of analgesic mixtures containing phenacetin, paracetamol, aspirin, and/or NSAIDs may
cause analgesic nephropathy.
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The main site of kidney injury in analgesic nephropathy is the vascular endothelial cells in the 
kidney medulla, primarily because of low oxygen tension and toxin accumulation. 

Occasionally, patients may present with flank pain or gross hematuria due to papillary necrosis. 
Papillary calcification and characteristic “bumpy” kidney contours may be seen on imaging. In some 
instances, the kidneys may appear bilaterally atrophic or asymmetric in size. Urinalysis may show 
sterile pyuria, microscopic or macroscopic hematuria, and mild proteinuria.

Patients with analgesic nephropathy are at increased risk for transitional cell carcinoma of the 
uroepithelium.

Management is primarily supportive and includes discontinuation of the culprit analgesic agent. 
Close monitoring, especially for development of new symptoms, such as gross hematuria, is recom-
mended because of the increased risk of uroepithelial tumors.

	18.	 How	is	lithium	associated	with	chronic	tubulointerstitial	nephritis?
Long-term lithium ingestion may cause chronic tubulointerstitial nephritis, nephrogenic diabetes  
insipidus (NDI), RTA, and hypercalcemia. Lithium enters the collecting tubule cells via the luminal  
epithelial sodium channels and accumulates intracellularly where it interferes with antidiuretic  
hormone (ADH)-mediated water reabsorption. An incomplete distal (type 1) RTA, secondary to lithium-
induced decreased H1ATPase pump activity in the distal tubule, has been described. Lithium has also 
been associated with hypercalcemia caused by morphologic changes in the parathyroid glands.

Lithium-induced nephropathy is characterized by the formation of microcysts in the distal  
convoluted tubules and collecting ducts.

Typically, kidney dysfunction secondary to chronic lithium use is mild to moderate. Amiloride,  
a potassium-sparing diuretic, has been shown to reduce polyuria and to block lithium uptake in the 
sodium channels of the collecting duct. Those with serum creatinine levels greater than 2.5 mg/dL at 
the time of presentation may progress to end-stage kidney disease (ESKD) even after the cessation of 
lithium. The average latent period between the initiation of lithium therapy and the onset of ESKD is 
20 years.

For those patients receiving chronic maintenance therapy with lithium, regular follow-up of  
serum creatinine is recommended. Elevations in creatinine should lead to either dose reduction or 
complete withdrawal of the drug.

	19.	 How	are	calcineurin	inhibitors	associated	with	chronic	tubulointerstitial	nephritis?
Calcineurin inhbitors (CNIs), namely cyclosporine and tacrolimus, are used as antirejection therapy  
after organ transplantation and as immunosuppressive therapy for various autoimmune diseases. CNIs 
can cause acute and chronic nephrotoxicity. 

Acutely, CNIs may cause vasoconstriction of the afferent and efferent arterioles and decreased 
kidney blood flow. Chronically, there is vascular damage leading to glomerular and tubular injury.  
On histology, there is vacuolization of the tubules and focal areas of tubular atrophy and interstitial  
fibrosis leading to a “striped fibrosis” pattern. 

Laboratory evaluation is notable for hyperkalemia, nonanion gap metabolic acidosis, hypomag-
nesemia, hypophosphatemia, and hyperuricemia.

Treatment of CNI toxicity consists of lowering the dose or discontinuing the CNI when possible. 
Calcium channel blockers may protect against CNI-induced vasoconstriction. 

	20.	 How	are	Chinese	herbs	associated	with	chronic	tubulointerstitial	nephritis?
Chinese herbs nephropathy was described in a group of Belgian women using Chinese herbs for 
weight loss. The weight loss tea was contaminated with aristolochic acid, which is also a known  
carcinogen. 

Histopathologically, a hypocellular interstitial fibrosis with marked tubular atrophy is seen. 
If untreated, patients may rapidly progress to ESKD. A short course of oral steroids has been 

shown to slow the progression of kidney failure.

	21.	 Describe	the	association	between	chemotherapeutic	agents	and	tubulointerstitial	nephritis.
Cisplatin can cause selective injury to proximal tubular cells, where it is taken up by organic cation 
transporters and accumulates intracellularly. Clinically, this can manifest as decreased glomerular  
filtration rate (GFR), Fanconi-like syndrome, salt-wasting, and hypomagnesemia. 

Ifosfamide can cause tubular toxicity also resulting in a Fanconi-like syndrome and polyuria due 
to solute (mainly sodium) diuresis. 

High-dose methotrexate can cause ATN secondary to methotrexate crystal precipitation. 
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	22.	 Describe	the	association	between	heavy	metals	and	chronic	tubulointerstitial	nephritis.
Prolonged environmental or occupational exposure to cadmium may lead to chronic tubulointerstitial 
nephritis and eventual progression to kidney failure. Proximal tubular dysfunction, presenting as  
Fanconi syndrome, characterized by glycosuria, aminoaciduria, and tubular proteinuria, is  
common.

Increased urinary cadmium excretion is characteristic. Currently, the treatment for cadmium 
nephrotoxicity is primarily supportive.

Similar to cadmium, the proximal tubule cells tend to be the site of accumulation for lead, 
thereby leading to a Fanconi-type picture. Chronic tubulointerstitial nephritis secondary to lead  
exposure for several years is characterized histopathologically by progressive tubular atrophy  
and widespread fibrosis. 

Lead nephropathy also reduces urinary excretion of uric acid, thereby leading to hyperuricemia 
and gout. This syndrome, called “saturnine gout,” gained prominence with increased ingestion of 
moonshine.

The diagnosis of lead nephropathy is established by increased urinary excretion of chelated lead 
(i.e., after the administration of ethylenediamine tetraacetic acid [EDTA]). Cumulative body stores of 
lead are estimated by doing an EDTA mobilization test or by performing an x-ray fluorescence, which 
determines bone lead content. In the EDTA mobilization test, 2 g of EDTA are administered either by 
the intravenous or intramuscular route, and then patients collect a 24-hour urine for lead. Urinary lead 
greater than 0.6 g/day is considered abnormal. One major limitation of the EDTA mobilization test is 
that it cannot mobilize lead deposits in bone. 

Lead decreases the enzymatic activity of erythrocyte delta-aminolevulinic acid dehydratase 
(ALAD). Thus, peripheral blood ALAD is a good biomarker for lead toxicity. Since uremia can also  
decrease ALAD activity, reduced levels of ALAD compared with levels of ALAD “restored” by the  
addition of dithiothreitol may be even more efficient in detecting increased body lead burden in  
patients with chronic kidney failure.

It is important to note that serum levels of lead, although elevated during acute exposure, 
are not very helpful in the chronically exposed. The explanation for this is that, during acute  
exposure, lead is concentrated in the RBCs, which later die and the lead then moves to the bones 
and other tissues. A kidney biopsy shows nonspecific findings seen in chronic tubulointerstitial 
nephritis.

The treatment of lead nephropathy is EDTA chelation therapy or oral succimer, which has been 
shown to slow the progression of CKD.

	23.	 What	are	immune-mediated	causes	of	chronic	tubulointerstitial	nephritis?
• Sarcoidosis

• Kidney involvement in sarcoidosis can occur in a variety of ways. Most commonly, patients have 
hypercalcemia secondary to increased production of 1, 25-dihydroxyvitamin D3 by activated 
macrophages residing in granulomatous tissues. Hypercalcemia can lead to NDI, hypercalciuria-
related nephrolithiasis, and, in some cases, kidney failure.

• Sarcoidosis can also present as a form of interstitial nephritis with associated noncaseating 
granulomas.

• Typical tubular manifestations include mild proteinuria, sterile pyuria, and impaired ability to 
concentrate urine.

• Treatment is with high-dose corticosteroids (prednisone up to 1 mg/kg per day). 
• Sjögren syndrome: Sjögren syndrome–associated chronic interstitial nephritis characteristically 

presents as type 1 RTA with hypokalemia and a normal anion gap metabolic acidosis. Although the 
mechanism for this is incompletely understood, it is believed to be related to autoantibodies 
against carbonic anhydrase II. Treatment with immunosuppression may be helpful.

• Lupus nephritis: Isolated tubulointerstitial disease secondary to lupus is exceedingly rare. More 
commonly, tubulointerstitial disease is accompanied by glomerular involvement. 

• IgG4 related disease: Kidney involvement is reported in up to one-third of patients with IgG4-
related disease. The disease is characterized by a lymphoplasmacytic infiltrate, with increased 
numbers of IgG4-positive plasma cells, in the affected organ. A majority of patients also have  
elevated serum IgG or IgG4 levels. Patients with kidney involvement also may have hypocomple-
mentemia. Most patients also have radiographic abnormalities consisting of small low-attenuation 
lesions. Raissian et al. have proposed diagnostic criteria for IgG4-related tubulointerstitial nephritis 
that includes histologic (.10 IgG4 staining plasma cells/hpf), imaging, serologic, and other organ 
involvement parameters.
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• Tubulointerstitial nephritis and uveitis syndrome: Tubulointerstitial nephritis and uveitis (TINU)
was first described by Dobrin et al. in 1975. It usually affects young females.
• The exact pathogenesis remains unclear, but the predominance of T lymphocytes in affected

tissues and possible association with chlamydia and Epstein-Barr virus suggest that delayed-
type hypersensitivity and cell-mediated immunity may play major roles.

• Clinically, patients present with nonspecific signs and symptoms (i.e., fever, generalized malaise,
anemia, asthenia). Uveitis of the anterior chamber is seen bilaterally, presenting as redness and
pain over the eyes. Uveitis may occur 2 months prior to, simultaneously, or up to 14 months after
the onset of interstitial nephritis.

• Kidney manifestations include both proximal and distal tubular dysfunction. Increased urine
b2 microglobulin (a marker of tubulointerstitial disease) has been noted. Ultrasonography may
reveal enlarged, swollen kidneys.

• Definitive diagnosis is established by demonstrating typical findings of interstitial nephritis (i.e.,
tubulointerstitial edema with infiltration of lymphocytes, plasma cells, and histiocytes). Infiltration
of CD4 and CD8 T lymphocytes, monocytes, and macrophages has been described. Eosinophils
and noncaseating granulomas also may be seen.

• Other oculorenal syndromes include sarcoidosis and Sjögren’s (see above).
• Kidney disease frequently resolves spontaneously over the course of 12 months without steroid

therapy. However, for those with moderately advanced CKD, prednisone 1 mg/kg per day may
be given for 3 to 6 months. Although the kidney manifestations may resolve spontaneously and
respond well to a course of systemic steroids, the uveitis often has a chronic or relapsing course
that may require more aggressive therapy.

• Idiopathic hypocomplementemic interstitial nephritis: This disease entity is in older men with
hypocomplementemia in the absence of lupus or Sjögren’s syndrome. Histopathology reveals
extensive tubulointerstitial involvement and a predominantly lymphocytic infiltrate.

	24.	 What	are	the	metabolic	causes	of	chronic	tubulointerstitial	nephritis?
• Oxalate nephropathy

• Dietary: Star fruit, rhubarb, peanuts, and black tea contain high levels of oxalate and are known
to cause oxalate nephropathy when consumed in large quantities. Vitamin C is metabolized to
oxalate, and thus high doses of vitamin C may also cause oxalate deposition in the kidney.

• Enteric hyperoxaluria: This occurs when there is fat or bile acid malabsorption. The free fatty acids bind
to calcium and thereby decrease the availability of calcium to bind to oxalate. Free soluble oxalate is
then absorbed in the gut and excreted by the kidney. The most common causes of enteric hyperoxal-
uria are inflammatory bowel disease, Roux-en-Y gastric bypass surgery, and pancreatic insufficiency.

• Ethylene glycol toxicity results in the formation of calcium oxalate crystals that precipitate in
the kidney tubules.

• Genetic: Primary hyperoxaluria types 1, 2, and 3 are each caused by a different enzyme
deficiency that leads to the overproduction of oxalate. This leads to nephrocalcinosis, kidney
stones, and/or tubulointerstitial disease. When the glomerular filtration rate (GFR) decreases to
less than 30 to 45 mL/min per 1.73 m2, plasma levels of oxalate exceed saturation and oxalate
deposits in other tissues.

• Hypercalcemia/hypercalciuria: Hypercalcemia (resulting from hyperparathyroidism, sarcoidosis,
multiple myeloma, etc.) affects the kidney in a variety of ways.
• NDI: This may occur secondary to tubulointerstitial injury and disruption of the interstitial osmotic

gradient. Furthermore, activation of the calcium-sensing receptor may also affect the osmotic
gradient by decreasing sodium chloride absorption in the loop of Henle.

• Vasoconstriction.
• Distal (type 1) RTA.
• Nephrolithiasis.

• Hypokalemia: Chronic hypokalemia is associated with proximal tubular cell vacuolization,
dilated intercellular spaces, and medullary cysts; this clinically correlates with impaired ability
to concentrate urine (NDI) and conserve salt, and with the development of hypertension. How-
ever, it remains unclear how often chronic tubulointerstitial nephritis occurs secondary to
chronic hypokalemia.

	25.	 What	is	Balkan	(endemic)	nephropathy?
As the name implies, this disease is particularly endemic in the so-called Balkan states or the former
Yugoslavia, plus Bulgaria and Romania. No specific etiologic cause has yet been identified, but as a
result of its specific geographic distribution, environmental factors have long been suspect. Genetic
and immune-related factors have also been identified.
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Balkan nephropathy is a slow yet progressive form of chronic tubulointerstitial nephritis that 
eventually leads to ESKD.

There is a strong link between dietary consumption of aristolochic acid (see previous discussion 
above on Chinese herb nephropathy) with this disease and its attendant risk of uroepithelial cancer.  
Interestingly, aristolactam-DNA adducts were identified in kidney and urothelial tissues of affected patients.

Clinically, a characteristic early feature is that of normochromic normocytic anemia, which is  
disproportionate to the stage of CKD. Urinalysis usually shows mild proteinuria with few RBCs and 
WBCs. Patients tend to be normotensive in the earlier stages of the disease, with eventual progression 
to hypertension toward more advanced stages.

	26.	 What	is	radiation	nephritis?
Radiation nephritis is classified into two categories based on the onset of symptom presentation:  
(1) acute radiation nephritis and (2) chronic radiation nephritis.

Acute radiation nephritis usually presents within 6 to 12 months of exposure to radiation. Patients 
may present with edema, hypertension (may be malignant), proteinuria, and anemia. Often, this pro-
gresses to secondary chronic radiation nephritis. Angiotensin-converting enzyme inhibitors (ACE-I) are the 
antihypertensive agents of choice for treatment of hypertension associated with radiation nephritis. 

Primary chronic radiation nephritis presents after more than 18 months of radiation exposure 
and is characterized by proteinuria, hypertension, and progression of CKD.

Although the exact pathogenesis remains elusive, it is believed that exposure of the kidneys to 
greater than 1500 to 2500 rad leads to endothelial cell injury. Radiation can also cause direct injury to the 
tubular epithelial cells. Furthermore, patients receiving radiation therapy for some underlying malignancy 
also receive concomitant chemotherapy, which may potentiate radiation’s toxic effects on the kidneys.

Histopathologically, there is characteristic thickening of the capillary walls, which may also demon-
strate “splitting.” Interposition of deposits between the split layers of the glomerular basement membrane 
is noticeably similar to that seen in hemolytic uremic syndrome and thrombotic thrombocytopenic purpura.

Proper shielding of the kidneys, especially in those with preexisting CKD, should be pursued 
when possible. Fractionizing the total irradiation dose into several small doses over several days may 
also be protective. 

	27.	 What	is	acute	phosphate	nephropathy?
Acute phosphate nephropathy is seen in patients after exposure to oral sodium phosphate solutions 
(OSPS), which was used as a bowel cleanser in preparation for a colonoscopy. Histopathologically, there 
is evidence of acute and chronic tubular injury with interstitial edema, accompanied by tubular atrophy 
and interstitial fibrosis. The distinctive feature of this entity is the presence of abundant calcium phos-
phate deposits in the distal tubules and collecting ducts. The following factors predispose patients to 
acute kidney failure: volume depletion, advanced age, hypertension, concurrent treatment with ACE-I or 
angiotensin receptor blockers, diuretics and NSAIDs, baseline creatinine elevation, or inappropriate use 
of OSPS in those with underlying CKD. In 2008, the US Food and Drug Administration released a boxed 
warning regarding the use of oral sodium phosphate products for bowel cleansing and the risk of AKI. 

 1. ATIN accounts for up to one-third of AKI cases.
 2. The classical triad of fever, maculopapular rash, and peripheral eosinophilia is seen in only a minor-

ity of cases (,10%) of ATIN.
 3. The absence of eosinophiluria does not necessarily exclude the diagnosis of ATIN.
 4. Drug-induced ATIN is not dose dependent. A repeat exposure to the same drug can potentially lead to  

a recurrence of the disease process. The most common offending drugs are NSAIDs, proton pump  
inhibitors, and antibiotics. 

 5. The majority of suspected cases of ATIN result in the recovery of kidney function in a few days to weeks.
 6. Patients who do not recover kidney function within a few weeks of withdrawal of the offending 

agents may benefit from corticosteroids. 
 7. In chronic tubulointerstitial nephritis, depending on the culprit agent, the disease may have a par-

ticular predilection for either the proximal tubules or the distal tubules or both; the consequent 
functional abnormalities depend on the tubular site of involvement. The involvement of the proximal 
tubule often leads to hypophosphatemia, glycosuria, aminoaciduria, and hypomagnesemia. 

 8. Lithium-induced nephropathy is characterized by the formation of microcysts (cortical and medul-
lary tubular cysts) in the distal convoluted tubules and collecting ducts.

KEY POINTS
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	 1.	 What	is	a	urinary	tract	infection	(UTI)?
UTI is the presence of microorganisms in the urine or tissues of the normally sterile genitourinary 
tract. Infection may be localized to the bladder alone or involve the kidneys and, in men, the prostate. 
Acute uncomplicated UTI occurs in women with a normal genitourinary tract and usually manifests  
as acute cystitis (bladder infection or lower tract infection). These same women experience, less  
frequently, kidney (upper tract or kidney parenchymal) infection, referred to as acute uncomplicated  
or acute non-obstructive pyelonephritis. Complicated UTI occurs in individuals with structural or  
functional abnormalities of the genitourinary tract, including those with indwelling devices, such as 
urethral catheters. Recurrent urinary infection may be reinfection, with a new organism, or relapse, 
when the same organism is isolated posttherapy.

	 2.	 What	is	asymptomatic	bacteriuria?
Asymptomatic bacteriuria is isolation of bacteria from the urine culture in quantitative counts consistent 
with infection but with no genitourinary signs or symptoms attributable to infection.

	 3.	 Who	gets	UTIs?
UTI occurs primarily in two groups of individuals.
• The first group is healthy girls and women with normal genitourinary tracts. About 10% of all 

women experience at least one episode of infection in a given year, and 20% to 45% of young 
women will have a recurrence within 1 year following a first infection.

• The second group at risk for UTI are individuals with underlying functional or structural abnormali-
ties of the genitourinary tract, such as obstruction, diverticula, vesicoureteral reflux, or indwelling 
devices. This group includes infants and most men who experience UTIs, as well as women.

	 4.	 What	is	the	pathogenesis	of	UTI?
Urinary infection usually occurs following colonization of the periurethral area by organisms from  
the normal gut flora and subsequent ascension of these bacteria into the bladder. This is facilitated  
by sexual intercourse in women, by urologic procedures including catheter insertion, or by turbulent 
urine flow in men with prostate hypertrophy. Vesicoureteral reflux, if present, facilitates the ascension 
of organisms from the bladder to the kidneys. Rarely, UTI follows hematogenous spread from another 
source, and may present as kidney abscesses. Indwelling urethral catheters and other urologic de-
vices uniformly acquire a surface biofilm composed of microorganisms growing within an extracellular 
mucopolysaccharide material that they produce. This biofilm incorporates urine components, such as 
magnesium and calcium ions, and Tamm Horsfall protein. Organisms persist and multiply within the 
protected environment provided by this biofilm, where there is restricted diffusion of antibiotics and 
impaired access of host defenses, such as neutrophils.

	 5.	 What	risk	factors	are	associated	with	increased	frequency	of	UTI?
Healthy women and girls have both genetic and behavioral risks for UTI. Genetic variables include poly-
morphisms of genes for the innate immune response and or being a nonsecretor of the blood group  
substances so bacteria may adhere more avidly to mucosal surfaces. For premenopausal women, 75% 
to 90% of episodes of infection are attributable to sexual intercourse. Other risk factors include use of 
spermicides, which disrupt the normal vaginal flora and promote colonization by potential uropathogens, 
or a new sexual partner within 1 year, which is associated with colonization with new organisms.

A wide variety of functional and structural genitourinary abnormalities contribute to complicated 
urinary infection, through promoting increased access of bacteria to the bladder or by interfering with 
normal voiding to allow organisms to persist in the urine (Table 46.1). For patients with indwelling 
devices, the major risk factor for infection is the duration the device remains in situ.

	 6.	 Which	are	the	common	infecting	organisms	in	UTI?
Escherichia coli is isolated in 80% to 85% of episodes of acute cystitis and 85% to 90% of episodes 
of acute uncomplicated pyelonephritis. Uropathogenic E. coli are characterized by the expression of 
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diverse virulence factors including adhesins, iron sequestration systems, and toxins. Pyelonephritis  
is consistently associated with expression of the P pilus, a Gal-(1-4), Gal-b disaccharide galabiose 
adhesin. Staphylococcus saprophyticus, a coagulase negative staphylococcus, is isolated from 5% to 
10% of cystitis episodes. It is virtually only identified as a pathogen in acute cystitis.

A greater variety of organisms are isolated from complicated urinary infection. E. coli remains 
an important pathogen, but Klebsiella pneumoniae, Citrobacter spp., Proteus mirabilis, Pseudomonas 
aeruginosa, Enterococcus spp., and other bacteria or yeast are also isolated. These bacteria are more 
likely to be resistant to antimicrobials. This is attributed to prior antimicrobial exposure or the acquisi-
tion of health care–associated organisms following urologic interventions. Urease-producing organisms, 
such as P. mirabilis, Morganella morganii, and Providencia stuartii, are common in the biofilm 
on indwelling devices.

	 7.	 What	are	the	usual	symptoms	of	UTI?
Bladder infection presents with one or more symptoms of acute dysuria, frequency, urgency,  
stranguria, hematuria, and suprapubic discomfort. Women with recurrent cystitis can reliably self- 
diagnose a UTI in more than 90% of cases. Kidney infection presents with costovertebral angle pain 
or tenderness with or without fever, which is frequently also accompanied by lower tract symptoms. 
Patients with complicated UTI may present with symptoms of either bladder or kidney infection.  
Urinary infection in infants is more common in boys and presents as fever and failure to thrive.  
Patients with an indwelling urethral catheter also usually present with fever without localizing  
genitourinary findings, although hematuria, catheter obstruction, or costovertebral angle pain and 
tenderness may be present. Acute prostatitis is a severe systemic illness characterized by high fever, 
bacteremia, and, often, acute urinary obstruction. Chronic bacterial prostatitis may present as relaps-
ing acute cystitis in older men.

	 8.	 How	is	a	laboratory	diagnosis	of	UTI	made?
A urine culture confirms the diagnosis and identifies the specific infecting organism and  
susceptibilities. A urine specimen for culture should be obtained prior to initiating antimicrobial 
therapy for all presentations of symptomatic urinary infection, with the exception of women with 

TABLE 46.1. Abnormalities of the Genitourinary Tract Which May 
Promote Complicated Urinary Tract Infection

Congenital
Obstruction Congenital urethral valves 

Ureteric stricture
Urethral stricture
Prostate hypertrophy 
Pelvi-calyceal junction
Extrinsic compression

Other urologic abnormalities Urolithiasis
Bladder diverticulae
Cystoceles
Tumor
Neurogenic bladder
Vesicouretral reflux
Ileal conduit 
Augmented bladder

Comorbidities Diabetes
Nephrocalcinosis 
Medullary sponge kidney 
Polycystic kidney
Kidney transplant

Indwelling devices Indwelling catheter
Ureteric stent
Nephrostomy tube
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acute uncomplicated cystitis in whom the characteristic clinical presentation is reliable for  
diagnosis. However, these women should have a urine culture obtained if presenting symptoms 
are not characteristic, or when there is failure to respond to antibiotics or the recurrence of  
infection within 1 month of antimicrobial therapy. A voided urine specimen, collected using a 
method to minimize contamination, is usually appropriate. If a voided specimen cannot be  
obtained, an in-and-out catheter specimen is recommended.

Patients with a short-term indwelling urinary catheter should have the urine specimen obtained 
by puncture through the catheter port. When a long-term indwelling catheter is present, the catheter 
should be replaced and a specimen collected through the replacement catheter to obtain a sample of 
bladder urine not contaminated by microorganisms present in the biofilm.

	 9.	 How	is	a	quantitative	urine	culture	interpreted?
Isolation of $105 colony-forming unit (CFU)/mL of an organism generally distinguishes bacteria 
causing infection from contaminants. However, 25% to 30% of young women with acute cystitis  
have organisms isolated in quantitative counts ,105 CFU/mL; any gram-negative organism isolated 
in counts $102 CFU/mL is considered relevant for this presentation. Lower quantitative counts are 
also occasionally isolated from patients with other clinical presentations of urinary infection. When  
this occurs, the diagnosis should be critically reassessed, considering the specimen collection  
method (i.e., the likelihood of contamination) and the number and species of organisms grown.  
Isolation of multiple organisms or gram-positive organisms from voided specimens is more likely  
to be contaminants. Any quantitative count $102 CFU/mL is considered diagnostic of infection for 
specimens obtained by in-and-out catheter, including intermittent catheterization, as these collection 
methods are less subject to contamination.

	10.	 Is	pyuria	a	useful	diagnostic	test?
The presence of pyuria is not, by itself, diagnostic of urinary infection. Pyuria has low specificity  
for identification of asymptomatic or symptomatic infection in older individuals, or in patients with  
underlying genitourinary abnormalities or indwelling devices. However, the absence of pyuria in a 
symptomatic patient is reliable for excluding urinary infection.

	11.	 How	do	you	diagnose	urinary	infection	in	an	elderly	resident	of	a	nursing	home?
For some elderly individuals, ascertainment of clinical signs and symptoms may be difficult because  
of dementia, impaired communication, or coexisting chronic genitourinary symptoms. In the absence 
of an indwelling catheter, a clinical diagnosis of urinary infection in an elderly person should be made 
only if localizing genitourinary symptoms—such as frequency, urgency, hematuria, or costovertebral 
angle pain or tenderness—are present. Nonlocalizing or nonspecific signs or symptoms in elderly  
individuals, such as increased confusion or falls, should not be attributed to urinary infection. For the 
30% to 50% of male or female nursing home residents with bacteriuria at any time, 90% will also 
have pyuria. The presence of pyuria, “foul-smelling urine,” or other urinalysis findings, such as  
bacteriuria or hematuria, are not indications for antimicrobial therapy in the absence of other  
localizing signs or symptoms.

	12.	 How	do	you	diagnose	urinary	infection	in	residents	with	chronic	indwelling	catheters?
Residents with chronic catheters uniformly have bacteriuria and pyuria. Urinalysis abnormalities,  
such as pyuria and smelly or cloudy urine, are not sufficient for diagnosis of symptomatic urinary  
infection in a resident with an indwelling catheter. For the elderly resident with an indwelling urethral 
catheter, fever, by itself, may be a presentation of symptomatic urinary infection if there are no  
apparent alternate sources. Localizing symptoms, such as obstruction, hematuria, or suprapubic or 
costovertebral pain or tenderness, are present in only a minority of patients. If symptomatic urinary  
infection is suspected, the indwelling catheter should be replaced and a urine specimen for culture 
should be obtained through the new catheter before initiating antimicrobial therapy.

	13.	 How	should	acute	uncomplicated	urinary	infection	be	treated?
Acute cystitis is a mucosal infection effectively treated with relatively short courses of antimicrobial 
agents that achieve high urinary concentrations. Recommended first-line empiric regimens are  
antimicrobials to which the infecting organism is susceptible and which will have limited impact on the 
gut flora. These include nitrofurantoin macrocrystals/monohydrate, fosfomycin or, where available, piv-
mecillinam (Table 46.2). Trimethoprim/sulfamethoxazole (TMP/SMX) 160/800 mg bid for 3 days or TMP 
100 mg bid for 3 days is effective but not recommended if local resistance prevalence of TMP/SMX for 
community-acquired organisms exceeds 20%. The fluoroquinolones—norfloxacin, ciprofloxacin, and  
levofloxacin—are effective given as a 3-day course, but are not recommended for first-line therapy  
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because of concerns of safety and resistance emergence. They are contraindicated in children because 
of adverse effects on cartilage development. The beta-lactam antimicrobials, such as amoxicillin, 
amoxicillin/clavulanic acid, and cephalosporins, are all 10% to 20% less effective for susceptible organ-
isms than first-line agents and require a longer course of therapy, usually 7 days.

	14.	 How	do	you	prevent	acute	uncomplicated	UTI?
Prophylactic antimicrobial therapy given as a long-term, low-dose regimen or as a single dose  
postintercourse prevents up to 95% of episodes of recurrent cystitis (see Table 46.2). This approach 
is recommended for women who experience frequent reinfections, usually defined as two infections 
within 6 months or three infections within 1 year. Patient self-treatment with a 3-day course of TMP/
SMX, norfloxacin, or ciprofloxacin is also effective. This is a useful approach for the management of 
women who are concerned about developing infection while traveling, or who experience severe but 
less frequent episodes.

Women with recurrent urinary infection should be advised not to use spermicides. Other behav-
ioral interventions, such as changing their type of underwear, showering rather than bathing, postint-
ercourse voiding, and postvoiding hygiene, are not helpful. The use of probiotics, including yogurt, to 
reestablish normal vaginal flora is not effective. Daily cranberry tablets or juice have limited, if any,  
efficacy in decreasing the frequency of recurrent symptomatic infection. The role of topical vaginal  
estrogen to prevent recurrent infection in postmenopausal women requires further evaluation; vaginal 
estrogen is not currently recommended solely for the prevention of recurrent urinary infection.

	15.	 How	is	uncomplicated	pyelonephritis	treated?
Acute nonobstructive pyelonephritis is a serious infection requiring prompt investigation and treatment. 
If the patient is clinically stable and can tolerate oral therapy, ciprofloxacin 500 mg twice a day for  

TABLE 46.2.  Antimicrobial Regimens for Empiric Treatment and for Prevention 
of Acute Uncomplicated Urinary Tract Infection

Treatment
First line Nitrofurantoin 50–100 mg or nitrofurantoin macrocrystals 100 mg  

bid 3 5 days
Fosfomycin 3 g single dose
Pivmecillinam 400 mg bid 3 5 days

Second line TMP/SMX 160/800 mg bid 3 3 days
Trimethoprim 100 mg bid 3 3 days
Ciprofloxacin 250 or 500 mg bid 3 3 days
Levofloxacin 250 or 500 mg bid 3 3 days
Norfloxacin 400 mg bid 3 3 days
Cephalexin 250–500 mg qid 3 7 days
Amoxicillin/clavulanic acid 500 mg tid or 875 mg bid 3 7 days
Cefixime 400 mg qod 3 7 days
Doxycycline 100 mg bid 3 7 days

Prophylaxis
Postintercourse  
(single dose)

Nitrofurantoin 50 mg or nitrofurantoin macrocrystals 100 mg 
TMP/SMX 40/200 mg
Trimethoprim 100 mg
Ciprofloxacin 125 mg
Norfloxacin 200 mg
Cephalexin 250 mg

Long-term low dose:  
(at bedtime)

Nitrofurantoin 50 mg qod or nitrofurantoin macrocrystals 100 mg qod
TMP/SMX 40/200 mg qod
Trimethoprim 100 mg od
Norfloxacin 200 mg qod
Ciprofloxacin 125 mg
Cephalexin 500 mg qod

TMP/SMX, Trimethoprim/sulfamethoxazole.
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7 days or levofloxacin 750 mg once a day for 5 days is a recommended empiric regimen. An  
initial single parenteral dose of ceftriaxone or an aminoglycoside may be considered. Two regular-
strength tablets of TMP/SMX twice a day for 14 days is also effective for susceptible organisms, but is 
not recommended for empiric therapy because of the high prevalence of TMP/SMX resistance in many 
regions. Effective parenteral antimicrobial regimens include ceftriaxone 1 to 2 g daily or gentamicin  
or tobramycin 3 to 5 mg/kg daily. Where resistant strains are likely, alternate regimens, such as a  
carbapenem, should be initiated. The clinical status and urine culture results should be reviewed at  
48 to 72 hours following the initiation of antimicrobial therapy. Patients receiving parenteral therapy 
who have an adequate clinical response are then switched to appropriate oral therapy to complete a 
therapeutic course. If the infecting organism is resistant to the empiric antimicrobial therapy initiated, 
the regimen should be changed to an effective agent, irrespective of clinical response.

	16.	 What	is	the	antimicrobial	treatment	of	complicated	UTI?
The treatment of complicated UTI requires consideration of the underlying abnormality and recognition 
of the wide spectrum of potential infecting organisms and the increased likelihood of antimicrobial  
resistance. When symptoms are mild, antimicrobial therapy should be delayed pending urine culture 
results so specific therapy can be prescribed. Empiric antimicrobial therapy, when indicated, is  
selected considering recent antimicrobial therapy, any previous urine culture results, patient tolerance, 
and kidney function. The antimicrobial should have good urinary excretion and provide coverage for  
the presumed infecting organism and susceptibility. A fluoroquinolone is often prescribed for empiric 
therapy. When parenteral therapy is indicated, aminoglycosides (gentamicin, tobramycin) are effective 
for patients without kidney failure because most gram-negative organisms remain susceptible to  
these agents. If aminoglycosides cannot be used, an extended spectrum cephalosporin (cefotaxime, 
ceftriaxone, ceftazidime), penicillin (piperacillin/tazobactam), or carbapenem (meropenem, ertapenem) 
are other options.

	17.	 How	is	complicated	UTI,	including	catheter-acquired	UTI,	prevented?
The most important intervention to prevent complicated UTI is to characterize and correct the underly-
ing genitourinary abnormality. If the underlying abnormality persists, such as in a patient with spinal 
cord injury, the goal of management is to optimize voiding and to limit the use of indwelling devices 
wherever possible. Prophylactic antimicrobial therapy is not effective to prevent recurrence, as there 
is usually rapid reinfection with resistant organisms. Cranberry products are also not effective in  
preventing reinfection.

The most important intervention to prevent catheter-acquired urinary infection is to avoid  
catheter use. These devices should be used only when essential, and catheters must be removed 
promptly once no longer needed. Optimal practices for catheter care and maintenance should be  
followed. Replacement of a chronic indwelling catheter immediately prior to initiating antimicrobial 
therapy decreases the frequency of early posttherapy symptomatic relapse and leads to more rapid 
defervescence.

	18.	 When	should	imaging	studies	be	obtained?
Patients who present with severe systemic manifestations, including sepsis, should have urgent  
imaging to exclude obstruction, abscess, or other abnormalities that may require surgical intervention 
for immediate source control. For patients with less severe presentations, imaging to identify  
underlying abnormalities that may require urologic intervention should be considered if the initial  
clinical response after 48 to 72 hours is not satisfactory, or if there is an early relapse posttherapy 
and the infecting organism is susceptible to the antimicrobial given. The optimal imaging modality  
is a contrast-enhanced computed tomography scan.

	19.	 Why	are	pregnant	women	at	risk	for	pyelonephritis?
Women with asymptomatic bacteriuria identified in early pregnancy who are not treated have a  
20% to 30% risk of developing pyelonephritis in later pregnancy. The high risk of pyelonephritis  
is attributed to urine stasis from hormone-induced dilation of the smooth muscle of the urinary tract 
and, later in pregnancy, ureteric obstruction by pressure of the fetal head at the pelvic brim. Pyelone-
phritis, as with any febrile illness in later pregnancy, may lead to premature labor and delivery with 
adverse fetal outcomes.

	20.	 How	is	pyelonephritis	prevented	and	treated	in	pregnant	women?
Pregnant women are screened for bacteriuria by urine culture in early pregnancy. Asymptomatic 
women with a positive urine culture ($105 CFU/mL of a single gram-negative organism on two or 
more consecutive urine cultures) or women with symptomatic infection at any time are treated and 
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then screened for recurrent bacteriuria, usually monthly, for the duration of the pregnancy. If a second
episode of urinary infection occurs, prophylactic antimicrobial therapy is given until the end of the
pregnancy. The preferred regimen is a beta-lactam antibiotic, which is safe for the fetus. Nitrofurantoin
is also safe and effective. TMP/SMX is avoided because of a small but well-documented association
with fetal abnormalities when given in the first trimester, and fluoroquinolone antimicrobials are
contraindicated because of potential detrimental effects on fetal cartilage. For prophylactic therapy,
either cephalexin 500 mg or nitrofurantoin 50 or 100 mg daily are recommended.

A pregnant woman who presents with pyelonephritis should be hospitalized for initial manage-
ment. The recommended empiric regimen is ceftriaxone 1 to 2 g once daily. A carbapenem or amino-
glycoside, usually gentamicin, may be used if there is antimicrobial resistance or patient intolerance
to ceftriaxone.

	21.	 When	should	asymptomatic	urinary	infection	be	treated?
Asymptomatic bacteriuria may be transient or persistent and is common in women, the elderly, and
individuals with complicated UTI. The prevalence reaches 25% to 50% of long-term care facility resi-
dents and 50% of patients with spinal cord injury managed with intermittent catheters. Screening for
and treatment of asymptomatic bacteriuria is indicated for pregnant women. The only other indication
for treatment is to prevent bacteremia and sepsis following invasive genitourinary procedures associ-
ated with mucosal trauma and bleeding. For these procedures, treatment of antimicrobial therapy is,
conceptually, surgical prophylaxis. Usually a single dose initiated immediately prior to the intervention
is adequate. Screening for and treatment of asymptomatic bacteriuria is not recommended for other
populations, including kidney transplant patients, because this strategy will not decrease subsequent
episodes of symptomatic infection or other morbidity, but is associated with increased adverse drug
reactions and reinfection with more resistant bacteria.

	22.	 How	do	you	diagnose	and	treat	bacterial	prostatitis?
Acute bacterial prostatitis is a urologic emergency. Patients are severely ill with high fever and promi-
nent voiding symptoms. Broad-spectrum parenteral antimicrobial treatment is initiated following
collection of urine and blood cultures. Obstruction to voiding is usually present and is managed with
a short-term indwelling catheter. Initial broad-spectrum parenteral treatment is stepped down to oral
therapy, preferably a fluoroquinolone, once clinically indicated and when culture results are available.
The total recommended duration of the antimicrobial course is 30 days.

Chronic bacterial prostatitis is diagnosed when the voided urine culture is negative but bacterial
growth and pyuria are documented in expressed prostate secretions. Only 10% of men presenting
with chronic pelvic pain syndrome/chronic prostatitis symptoms have chronic bacterial prostatitis
confirmed as the cause of these symptoms, so microbiologic documentation of infection is necessary.
A clinical presentation in older men is recurrent cystitis when bacteria that persist in the prostate
reenter the urine. Treatment for documented chronic bacterial prostatitis is 4 weeks of ciprofloxacin or
levofloxacin for susceptible organisms. This regimen is 70% to 80% effective for long-term cure.

	23.	 What	is	emphysematous	pyelonephritis,	and	how	this	is	managed?
Emphysematous pyelonephritis is an unusual presentation of acute necrotizing renal infection. It is
characterized by gas formation in kidney tissue and the perinephric space, which is usually associ-
ated with Enterobacteriaceae infection. Patients with this presentation usually have diabetes, and
obstruction is often present. Management requires effective antimicrobial therapy together with glu-
cose control, correction of the obstruction, and drainage of any abscesses. Percutaneous drainage is
the recommended initial approach, if possible. Delayed elective nephrectomy may subsequently be
required for some patients.

	24.	 How	do	you	diagnose	and	treat	fungal	UTI?
Risk factors for fungal UTI include exposure to broad-spectrum antimicrobial therapy, the presence
of diabetes, and the use of chronic indwelling catheters. Candida albicans is the most common
organism; other Candida spp. may also be isolated. Most of these patients are asymptomatic, and
asymptomatic funguria should not be treated. Fluconazole has good urinary excretion and is the
treatment of choice for symptomatic infection. For species, such as C. glabrata, which are resistant
to fluconazole, the recommended alternate treatment is amphotericin B deoxycholate. 5-flucytocine
may also be effective but has substantial side effects and requires monitoring of drug levels when
used. Other azoles and echinocandins do not achieve therapeutic concentrations in the urine and
are not recommended for treatment of urinary infection. Patients with an inadequate therapeutic
response to appropriate antifungal therapy should have imaging studies to exclude a fungus ball
which, if present, requires surgical intervention.
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	25.	 What	is	suppressive	antimicrobial	therapy,	and	when	should	this	be	used?
Suppressive antimicrobial therapy is long-term antimicrobial therapy given to prevent symptomatic 
relapsing infection in selected patients with recurrent complicated UTI in whom infection cannot be 
eradicated. Some examples include its use in men with frequent recurrent cystitis from a persistent 
prostate source; in kidney transplant patients with recurrent symptomatic infection from an infected 
native kidney; or or an individual with an inoperable infection stone to prevent further stone enlarge-
ment and preserve kidney function. Antimicrobial therapy is selected based on the organism isolated 
from urine culture and considering patient tolerance. Initial treatment is for 2 to 4 weeks at the full 
therapeutic dose. If this is effective and well tolerated, therapy is usually continued indefinitely at the 
lowest effective dose, which is usually one-half or less of the standard dose, or until the underlying 
abnormality is corrected. 

 1. Acute uncomplicated urinary tract infection (UTI) is common in women of any age. These women 
have a normal genitourinary tract and can usually be effectively treated with short courses of  
antimicrobial therapy.

 2. Complicated UTI occurs in individuals with structural or functional abnormalities of the genitouri-
nary tract, including those with indwelling devices, such as urethral catheters. A principal goal  
of therapy in these patients is the characterization and correction of abnormalities that promote  
infection.

 3. Escherichia coli is the most common cause of UTI. E. coli isolated from women with acute uncom-
plicated urinary infection express diverse virulence factors. E. coli strains isolated from individuals 
with complicated UTI or asymptomatic bacteriuria less frequently express virulence factors.

 4. Pyuria is not, by itself, diagnostic of UTI or an indication for antimicrobial therapy. However, the  
absence of pyuria may exclude UTI.

 5. Asymptomatic bacteriuria should be screened for and treated only in pregnant women or individu-
als who are to undergo an invasive genitourinary procedure likely to be associated with mucosal 
bleeding.

KEY POINTS
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	 1.	 What	changes	take	place	in	the	kidney	during	pregnancy?
The kidney undergoes anatomic and physiologic changes during normal pregnancy. The length of
the kidney increases by 1 to 1.5 cm and there is hormonally mediated dilatation of the collecting
system to a volume of about 300 cc. The resulting physiologic hydronephrosis makes it difficult to
diagnose obstruction by ultrasound. The glomerular filtration rate increases by 50% during the first
trimester so that the serum creatinine is expected to be 0.5 to 0.7 mg/dL. Pregnancy is also
characterized by a reset osmotstat where the serum sodium is normally in the range of 134 mEq/L,
but a water load can be excreted normally. Additionally, pregnancy is characterized by respiratory
alkalosis with a compensatory drop in bicarbonate, making the normal bicarbonate in pregnancy
18 to 20 mEq/L.

	 2.	 How	often	do	urinary	tract	infections	occur	during	pregnancy?
Urinary stasis from the dilated collecting system predisposes to urinary tract infections. Asymptomatic
bacteriuria occurs in 5% of pregnancies. Untreated, 30% of asymptomatic bacteriuria leads to
pyelonephritis, which in pregnant women is frequently complicated by decreased kidney function/
acute kidney injury, sepsis, and even acute respiratory distress syndrome (ARDS). Only 2% of healthy
women with a negative urine culture on the first screening will develop a urinary tract infection (UTI)
later in pregnancy, but women with preexisting kidney disease should be screened monthly.

	 3.	 What	is	the	importance	of	preeclampsia?
Preeclampsia is the most common and important of the hypertensive disorders of pregnancy, affecting
between 5% and 7% of pregnancies. Preeclampsia is a multisystem disease. The American College of
Obstetrics and Gynecology does not require proteinuria if other end-organ disease is present. Severe
preeclampsia is denoted by its most common symptoms, microangiopathic Hemolytic anemia, Elevated
Liver enzymes and Low Platelets (HELLP syndrome). It can be accompanied by severe manifestations
including acute kidney injury, stroke, blindness from vasoconstriction in the occipital lobe or retinal
detachment, disseminated intravascular coagulation, hepatic rupture, or pulmonary edema. Preeclampsia
may progress to seizures, a progression that changes the designation to eclampsia. The hypertension
in preeclampsia is identified relative to prepregnancy blood pressure. A rise in systolic blood pressure
of 30 mm Hg or a rise in diastolic blood pressure of 15 mm Hg raises the possibility of preeclampsia.
The definitive treatment of preeclampsia is delivery of the baby and placenta, but depending on the
severity of the preeclampsia, efforts may be made to postpone delivery if it occurs in the second
trimester or early in the third trimester. Anticonvulsants, most commonly magnesium in the U.S., and
antihypertensive drugs are usually required while getting the mother ready for delivery.

Over the last decade, long-term follow-up of large populations of women with preeclampsia has
shown a subsequent increased risk of cardiovascular disease, kidney biopsy, and end-stage kidney
disease (ESKD).

	 4.	 What	is	the	pathophysiology	of	preeclampsia?
The initiating factor in preeclampsia is incomplete remodeling of uterine spiral arteries, which results in
placental ischemia. The ischemic placenta produces high levels of the antiangiogenic factors, soluble
Fms-like tyrosine kinase (sFlt1) and soluble endoglin which are released into the circulation. Levels of
placental growth factor (PlGF) and vascular endothelial growth factor (VEGF) are low. sFlt1 antagonizes
the angiogenic activity of VEGF and PlGF, causing diffuse vasoconstriction and glomerular endothelial
damage. Therapies targeting antiangiogenic factors to treat preeclampsia are an ongoing area of inves-
tigation. A different pathogenesis has been proposed for late-onset preeclampsia (more than 34 weeks
gestation). In late preeclampsia, the problem may be maternal endothelial dysfunction in response to
oxidative stress in the placenta.
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	 5.	 What	are	the	other	hypertensive	disorders	of	pregnancy?
The three other hypertensive disorders of pregnancy are chronic hypertension, chronic hypertension
with superimposed preeclampsia, and gestational hypertension. Women with preexisting hypertension
may become pregnant so that essential hypertension is seen during pregnancy. The diagnosis of
essential hypertension is made by a blood pressure 140/90 before 20 weeks gestation with no
other explanation or a diagnosis of essential hypertension before pregnancy. These women are at
increased risk for preeclampsia, giving rise to essential hypertension with superimposed preeclampsia
in 25%. Gestational hypertension is hypertension that occurs late in pregnancy and is not accompanied
by proteinuria or other end-organ disease of preeclampsia. It resolves postpartum but is a predictor of
future essential hypertension.

	 6.	 What	antihypertensive	drugs	can	be	used	to	treat	hypertension	in	pregnancy?
Use of angiotensin converting enzyme inhibitor (ACEi) in the second and third trimester is associated
with renal dysplasia, oligohydramnios, and neonatal death from hypoplastic lungs. Using ACEis in the
first trimester may cause cardiac anomalies in the neonate. There are less data on angiotensin receptor
blockers (ARBs), but they are avoided because of concern that their effects will be similar to those of
ACEis. Direct renin inhibitors, such as aliskiren, should also be avoided.

Alpha methyldopa has been used for more than 50 years to treat hypertension in pregnant women
and careful follow-up on children support its safety. Labetalol, hydralazine, and calcium channel blockers
are safe. Calcium channel blockers may cause severe hypotension when used with magnesium.
Hydralazine is ineffective as a single oral agent, but may be effective when used with a sympatholytic
drug. Beta blockers, particularly atenolol, have been reported to have adverse effects on fetal growth
and labetalol can usually be used as an alternative. They are not considered contraindicated. Diuretics
have been associated with less than normal expansion of plasma volume but may be necessary in
women with underlying kidney disease. Intravenous hydralazine and labetalol are the drugs most
commonly used for hypertensive emergencies.

	 7.	 What	are	the	causes	of	acute	kidney	injury	in	pregnancy?
In underdeveloped countries, sepsis from illegal abortion and preeclampsia are the most common
causes of acute kidney injury. With improved health care systems, pregnancy-associated acute kidney
injury is rare, on the order of 1 in 10,000 to 20,000 pregnancies. Preeclampsia is occasionally associ-
ated with acute kidney injury, especially in the setting of the HELLP syndrome. Pregnancy can be
complicated by hemolytic uremic syndrome, which presents in a manner similar to hemolytic uremic
syndrome (HUS) in other settings. It can be distinguished from preeclampsia by the elevated transami-
nases and abnormal clotting parameters seen in preeclampsia. Acute kidney injury can complicate
acute fatty liver of pregnancy. Despite the rarity of acute kidney injury in pregnancy, pregnancy makes
the kidney more susceptible to cortical necrosis. When acute kidney injury occurs in the setting of an
obstetric catastrophe such as abruptio placentae, amniotic fluid embolus, or hemorrhage from other
causes, there may be residual kidney dysfunction after recovery.

	 8.	 What	is	the	effect	of	chronic	kidney	disease	(CKD)	on	fertility	and	pregnancy?
Fertility is decreased in women with preexisting kidney disease. Since the denominator (number of
women with kidney disease trying to become pregnant) is not known, it is impossible to know how much
fertility is decreased, but it is unusual to see a pregnancy in a woman with a serum creatinine .2.5 mg/dL.
In women with kidney disease and preserved glomerular filtration rate (GFR), pregnancy carries an
increased risk of hypertension and premature delivery. If proteinuria is present, it is likely to increase during
pregnancy. It can be difficult to distinguish between hypertension associated with kidney disease and
preeclampsia, since increased proteinuria, increased uric acid, and increased creatinine may be seen in
both. One complication of pregnancy in a woman with kidney disease is worsening kidney function. The
likelihood of worsening kidney function depends on the level of kidney function before conception. Most
studies rely on serum creatinine to assess kidney function. The risk of worsening kidney function increases
when the serum creatinine is .1.4 mg/dL. If the serum creatinine is .2 mg/dL, the risk of worsening
kidney function is 30% to 50%. Imbasciati et al. used eGFR and proteinuria in assessing kidney disease.
Worsening kidney function was seen only in women with both a GFR of ,40 cc/min and at least 1 g of
proteinuria in 24 hours. The formulas used to calculate GFR have not been validated in pregnancy.

	 9.	 Is	successful	pregnancy	possible	in	patients	on	renal	replacement	therapy?
Fertility is markedly decreased in dialysis patients with frequency of conception ranging from 0.3% to
1.5% per dialysis patient per year. One exception is a 15% conception rate among women treated with
nocturnal dialysis. There are no data on whether or not women were trying to become pregnant. Out-
comes are better with increased dialysis hours. In women with less than 20 hours of dialysis per week,
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infant survival is about 50%. Infant survival increases to 75% with 20 or more hours of dialysis. The
most encouraging outcomes originate from women receiving nocturnal dialysis (48 h/week) where
84.6% of infants survived. Prematurity is decreased in the pregnancies of nocturnal dialysis patients
with a mean gestational age of 36 weeks. Life-threatening hypertension can occur up to 6 weeks post-
partum in dialysis patients. There are no data on the ideal time to start dialysis in pregnant women, but
fetal loss appears to increase when the serum creatinine is between 3 and 4 mg/dL.

For pregnancies in women with kidney insufficiency severe enough to require starting dialysis
during pregnancy, infants survival is around 75%. With lesser degrees of kidney insufficiency, infant
survival is above 80%. There are two studies in women with serum creatinine over 2 mg/dL where
fetal survival was 100%.

	10.	 Can	erythropeietin	(ESAs)	be	used	during	pregnancy?
Erythropoiesis stimulating agents are continued in dialysis patients during pregnancy and the dose has
to be increased to achieve the same hemoglobin level. They can be started in non-dialysis patients if
the hemoglobin drops to 8 g/dL.

	11.	 Should	a	woman	with	a	kidney	transplant	become	pregnant?
Fertility is usually restored by kidney transplant. Three broad areas of concern are:
• The effect of pregnancy on the kidney allograft.
• The effect of immunosuppressive medication on the fetus.
• The risk of opportunistic infection.

Women are advised to wait a year after transplant, and to only become pregnant if they have
stable kidney function with a serum creatinine of less than 2 mg/dL. As in other kidney diseases, the
most important risk factor for worsening kidney function is poor kidney function prior to pregnancy.
Statins and angiotensin-converting enzyme (ACE) inhibitors must be stopped before conception.
Mycophenolate mofetil is associated with increased congenital anomalies and should also be stopped
prior to conception. About 50% of pregnancies in women taking mycophenolate end in spontaneous
abortion and 30% of live born infants have congenital anomalies. Cyclosporine and tacrolimus are
associated with small-for-gestational-age babies. Prednisone and azathioprine are widely used
without major problems. There is no information on sirolimus, everolimus, and belatacept.

Infectious diseases such as cytomegalovirus (CMV), toxoplasmosis, herpes simplex, and listeria,
which are seen in transplant recipients, pose a risk for the fetus. Transplant recipients are at increased
risk for CMV during pregnancy. CMV is a leading cause of developmental delay and sensorineural
hearing loss. Of women who are seronegative at conception, 1% to 4% will develop a primary
infection during pregnancy. There are case reports of successful use of valganciclovir in women with
CMV during pregnancy. The data are scant and more data are needed regarding both efficacy and
safety. CMV hyperimmune globulin has also been used, but again, data are limited. Treatment with
ganciclovir should be used if maternal disease requires treatment.

	12.	 What	is	the	effect	of	lupus	nephritis	on	pregnancy	and	vice	versa?
Lupus occurs most frequently in women of child-bearing age and may be diagnosed during pregnancy.
When the onset of lupus nephritis occurs during pregnancy, the kidney histology is often World Health
Organization (WHO) class IV, which requires prompt treatment. New-onset lupus is one of the indications
for a kidney biopsy in a pregnant woman, since the drugs most commonly used for severe lupus nephritis
such as cyclophosphamide should not be used in early pregnancy. In a woman with diffuse proliferative
lupus nephritis, high-dose steroids can be used initially. Oral cyclophosphamide has been used in women
beyond 20 weeks gestation, but long-term follow-up is limited. Lupus nephritis, including membranous
lupus nephritis, carries the risk of relapse during pregnancy. The risk of relapse is lowest if the woman
has been in remission 6 months before pregnancy but even then, one-third of women have a flare during
pregnancy and during the first 6 weeks postpartum. The greatest risks may come from extrarenal lupus.
Many antibodies associated with lupus are immunoglobulin G (IgG) and cross the placenta. They may
cause rash and thrombocytopenia in the infant during the first 6 months of life. Anti-Sjögren’s-syndrome-
related antigen A (anti-Ro) (anti-SSA) antibody is associated with congenital heart block.

	13.	 What	are	the	indications	for	and	risks	of	kidney	biopsy	during	pregnancy?
Indications for kidney biopsy during pregnancy include newly diagnosed lupus, unexplained acute
kidney injury, and nephrotic syndrome severe enough to require treatment. In most cases, biopsy can
be postponed until the postpartum period. Because of the increased kidney blood flow associated with
pregnancy, the risk of bleeding is higher than in nonpregnant patients. Packham and Fairly reported
biopsies of 111 pregnant women with few complications during the first and second trimesters.
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Table 47.1. Causes of AKI in Pregnancy

HUS HELLP
LUPUS  

NEPHRITIS AFLP
CORTICAL  
NECROSIS

Creatinine h  h or nl  h or nl  h or nl  h

Platelets g g g or nl g or nl nl

Transaminases nl   hh nl  h nl

LDH  h  h nl  h nl

PT/PTT nl  h or nl nl  h nl

Schistocytes † † No No No

BP  h  h  h or nl g or nl g h or nl

Progression Frequent Rare Variable No Frequent

AFLP, Acute fatty liver of pregnancy; AKI, acute kidney injury; BP, blood pressaure; HELLP, hemolytic anemia, 
elevated liver enzymes and low platelets; HUS, hemolytic uremic syndrome; LDH, lactate dehydrogenase; PT, 
prothrombin time; PTT, partial thromboplastin time.

However, the complication rate is higher in smaller series. Biopsy should be postponed until after delivery 
unless management will be determined by biopsy results.

	14.	 What	is	diabetes	insipidus	of	pregnancy?
Diabetes insipidus of pregnancy is a rare disorder that occurs in the third trimester and resolves 
within a few weeks postpartum. It is characterized by polyuria, polydipsia, and, if inadequate free  
water is provided, hypernatremia. It is resistant to exogenous vasopressin and vasopressin levels  
may be normal or high. A second problem with urinary concentration may occur in women with  
partial central diabetes insipidus. The placenta makes vasopressinase, which breaks down endogenous 
native ADH but not 1-desamino-8d-arginine vasopressin (DDAVP), so that the DDAVP dose may need 
to be increased to offset accelerated breakdown of residual native antidiuretic hormone (ADH).

	15.	 How	does	pregnancy	affect	nephrolithiasis?
Nephrolithiasis is the most common nonobstetric cause of abdominal pain during pregnancy. Pregnancy 
is characterized by factors that promote (increased urinary calcium and uric acid, decreased peristalsis 
of the ureter, and dilatation of the collecting system) and prevent (increased urinary magnesium, citrate, 
and acid glycoproteins) stone formation. Stones may be difficult to diagnose because hydronephrosis  
is normal in pregnancy, and use of computed tomography (CT) scans is generally contraindicated in 
pregnancy. Additionally, on kidneys, ureters, bladder (KUB) x-rays, radiopaque stones may be obscured 
by the fetal skeleton, especially in the third trimester when stones are most common. Indications for  
intervention include intractable pain, infection, complete obstruction, or obstruction of a solitary kidney. 
Treatments include extraction of the stone by a skilled urologist or placement of percutaneous nephrostomy 
tubes. Pregnancy is considered a contraindication to lithotripsy.

	16.	 How	do	we	distinguish	among	different	causes	of	acute	kidney	injury	(AKI)	in	pregnancy?
See Table 47.1.

 1. Normal pregnancy is associated with decreased serum creatinine and respiratory alkalosis, causing 
a decrease in serum bicarbonate.

 2. The pathogenesis of preeclampsia is thought to be the consequence of the abnormal development 
of uterine spiral arteries and placental ischemia leading to increased levels of antiangiogenic  
factors and low levels of angiogenic growth factors.

 3. There is a high rate of fetal loss among pregnant dialysis patients, but this has improved with prolonged 
dialysis. The outcome of pregnancy in transplant recipients with stable, well-preserved kidney function is 
good despite immunosuppressive medication.

 4. Pregnancy is possible after kidney transplant. A stable immune status and good kidney function is 
essential. Modification of the immunosuppression will likely be needed.

KEY POINTS
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	 1.	 What	is	the	pathophysiology	of	sickle	cell	disease	(SCD)?
Hemolysis, vasoocclusion, and ischemia reperfusion are the clinical hallmarks of SCD. The substitution 
of glutamate for valine at position 6 of the hemoglobin b-chain is the mutation defining hemoglobin S 
(HbS). HbS polymerizes when the concentration of its deoxygenated form exceeds a critical threshold. 
Conditions that promote HbS polymerization and red blood cell sickling include low local oxygen  
tension, acidemia (reduces HbS affinity for oxygen), and hyperosmolality (dehydrates red blood cells 
and increases HbS concentration).

Extensive HbS polymerization, red blood cell sickling, cell membrane injury, and associated  
cell membrane adhesive interactions with the endothelium contribute to vasoocclusion leading to  
multiorgan damage.

	 2.	 What	is	the	pathophysiology	of	sickle	cell	nephropathy	(SCN)?
Increased blood viscosity and red blood cell sickling promoted by the renal medullary milieu of low  
oxygen tension, low pH, and high osmolality lead to vasoocclusion and hypoperfusion in the medullary 
microcirculatory beds, and result in local ischemia and infarction. Severe medullary hypoperfusion can 
lead to papillary necrosis, sloughing, and obstructive uropathy.

In contrast to medullary hypoperfusion, glomerular ischemia appears to promote compensatory 
increase in kidney blood flow and the glomerular filtration rate (GFR). Glomerular hyperfiltration is  
mediated by glomerular hypertrophy and increased activity of vasodilatory factors including prosta-
glandins, kallikrein, carbon monoxide, and possibly nitric oxide (NO).

Proximal tubular secretory and absorptive hyperfunctioning are characteristic of SCD.  
Tubular hyperfunctioning is thought to reflect glomerulotubular balance in the face of glomerular 
hyperfiltration, and is evidenced by increased proximal tubular secretion of uric acid and creati-
nine and increased tubular reabsorption of low-molecular-weight protein (b2-microglobulins) 
and phosphate. Hypersecretion of creatinine causes an overestimation of the true GFR when  
using serum creatinine-based estimated GFR equations.

Chronic hemolysis and hemoglobinuria involving HbS can induce oxidant-mediated tubular injury, 
proliferation of mesangial cells, and upregulation of proinflammatory and profibrogenic responses to 
promote glomerulosclerosis and tubulointerstitial fibrosis.

Progressive kidney failure occurs due to:
• Increased glomerular growth
• Heme-induced injury to mesangial cells with chronic hemolysis
• Repetitive vascular congestion and vasoocclusion-induced endothelial injury
• Capillary rarefaction (reduced capillary density)
• Ischemia-reperfusion-induced proinflammatory and profibrogenic responses

Contributing factors to kidney vascular congestion and dysfunction include:
• Endothelin-1: increases kidney vascular congestion, inflammation, and vasoconstriction induced by 

hypoxia
• Thrombospondin: induces shedding of microparticles from red blood cells that can lead to oxidant-

mediated endothelial injury, red blood cell adhesion to the endothelium, and worsening of kidney 
vasoocclusive disease

• Adenosine: promotes red blood cell sickling by increasing levels of 2,3-diphosphoglycerate in red 
blood cells.

	 3.	 In	addition	to	proximal	tubular	hyperfunctioning,	what	other	tubular	abnormalities	may	be	seen	in	
patients	with	SCD?
• Diminished concentrating ability: Red blood cell sickling and congestion in the vasa recta leads  

to ischemia and associated impairment of solute reabsorption by the ascending limb of Henle  
loop and the vasa recta function as countercurrent exchangers. The suboptimal maintenance of  
the high interstitial osmolality in the inner medulla reduces effective water reabsorption across the 
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collecting ducts, hence the reduced kidney concentrating ability. A diminished concentrating ability 
leads to hypo- or isosthenuria where urine osmolality typically does not exceed 450 mosm/Kg.  
Affected adults present with polyuria, nocturia, and volume depletion and children with enuresis. 
Blood transfusions of HbA-containing red blood cells can improve concentrating ability in children 
younger than age 15, but not thereafter due to permanent injury.

• Renal tubular acidosis: Patients may develop incomplete distal renal tubular acidosis via reduced 
H1-ATPase activity due to hypoxemia, selective aldosterone deficiency, distal nephron resistance 
to aldosterone, reduced ammonium availability, or, in rare cases, hyporenin hypoaldosteronism.

	 4.	 What	are	the	common	abnormal	urinary	findings	in	SCD?
• Hematuria: Both microscopic and macroscopic hematuria may be observed. The left kidney is  

affected four times greater than the right due to the increased venous pressure within the longer 
left vein that is compressed between the aorta and the superior mesenteric artery. This is known 
as the “nutcracker phenomenon.” The increased venous pressure leads to increased relative  
hypoxia in the renal medulla, hence sickling. In 10% of cases, hematuria occurs bilaterally.  
Hematuria may also indicate the presence of papillary necrosis and, in rare cases, renal medullary 
carcinoma. The latter is predominantly observed in sickle cell trait rather than SCD.

• Proteinuria: The prevalence of albuminuria and proteinuria is 30% within the first three decades  
of life and increases up to 70% in older patients. Proteinuria may be associated with defects in 
glomerular permselectivity, tubular injury, and/or specific single nucleotide polymorphisms in the 
APOL1 genes.

• Bacteriuria: Patients with SCD may be at increased risk for urinary tract infections from encapsu-
lated organisms due to autosplenectomy, abnormally dilute and alkaline urine (more favorable  
for bacterial growth compared with hypertonic and acidic urine), and papillary necrosis. However, 
significant bacteriuria generally occurs in less than 10% of sickle cell patients, half of whom are 
asymptomatic.

	 5.	 What	are	the	common	causes	of	acute	kidney	injury	(AKI)	in	patients	with	SCD?
• AKI may occur more frequently among patients with acute chest syndrome than those with  

a painful crisis. Predisposing factors leading to AKI include volume depletion due to concentrating 
defects, sickling process, and hemolysis. Patients may present with acute tubular necrosis from 
volume depletion or sepsis, tubular injury from ischemia-induced rhabdomyolysis, hemosiderin  
accumulation, or chronic use of nonsteroidal antiinflamatory drugs, kidney vein thrombosis,  
or, in rare cases, hepatorenal syndrome due to liver failure associated with the sickling process  
per se or transfusion-associated complications.

• Kidney infarction and papillary necrosis: Severe ischemia can lead to kidney infarction and  
papillary necrosis. Papillary necrosis typically presents as painless gross hematuria, but may  
be complicated by obstructive uropathy and urinary tract infections. Current data suggest that  
hematuria and papillary necrosis do not portend greater risk for kidney failure. Acute segmental  
or total kidney infarction may present with flank or abdominal pain, nausea, vomiting, fevers, and 
presumably renin-mediated hypertension.

	 6.	 How	does	SCD	affect	blood	pressure?
Patients with SCD generally have lower blood pressure compared with their healthy unaffected 
counterparts due to presumed reduced vascular reactivity, compensatory systemic vasodilatation  
associated with microvascular disturbances from the sickling of red blood cells and thrombotic com-
plications, elevated levels of prostaglandins and nitric oxide, and possibly kidney sodium and water 
wasting associated with suboptimal medullary concentrating activity. Blood pressures in the “normal” 
range defined for the general population may thus represent hypertension in patients with SCD. 
Whether the lower blood pressure reduces long-term cardiovascular disease risks is not known as 
the median survival for patients with SCD is only 40 years.

	 7.	 How	do	SCD	and	sickle	cell	trait	(SCT)	differ	with	respect	to	common	kidney	manifestations?
Kidney manifestations are generally more common and severe in SCD compared with those seen  
in sickle cell trait. However, one notable exception is the increased frequency of aggressive renal 
medullary carcinoma seen among patients with sickle cell trait. Renal medullary carcinoma occurs  
almost exclusively in patients with sickle cell trait (not SCD). Renal medullary carcinoma typically 
presents in young patients (20 to 30 years old) as an aggressive metastatic disease at the time of  
diagnosis. Median survival is 3 months following diagnosis. Affected individuals may present with  
hematuria, flank pain, and/or abdominal mass.
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	 8.	 What	are	the	underlying	pathogenesis	of	chronic	kidney	disease	(CKD)	and	risk	factors	associated
with	CKD	progression	in	patients	with	SCN?
• Pathogenesis of CKD: Although glomerular filtration is increased in younger patients with SCD, it

progressively declines after the age of 30. The development of CKD is thought to be due to early
glomerular hypertrophy and hyperfiltration; tubular hyperfunctioning; endothelial injury with
repeated sickling and vasoocclusive episodes; hemolysis and iron-induced proinflammatory
and profibrotic changes in endothelial cells; and glomerular mesangium and tubulointerstitium.

• Risk factors for CKD progression: underlying hypertension, nephrotic range proteinuria, severe
anemia, vasoocclusive crisis, acute chest syndrome, stroke, bS-gene haplotype, genetic variants of
MYH9 and APOL1, pulmonary hypertension, and infection with parvovirus B19. Of note, although
studies have provided statistical evidence implicating APOL1 variation in nondiabetic nephropathies,
MYH9 risk variants are still associated with CKD in non–African American populations and in SCD
nephropathy. It has been hypothesized that MYH9 and APOL1 may be coregulated and interact
under anemic stress to induce nephropathy risk.

• Protective factors: coinheritance with a-thalassemia, higher fetal hemoglobin.

	 9.	 What	tests	are	needed	to	diagnose	SCN?
The diagnosis of SCN is based on clinical manifestations and is primarily a diagnosis of exclusion.
Routine evaluation for common causes of proteinuria (particularly when severe) and active urinary
sediments, obstructive uropathy, and kidney biopsy should be performed as clinically indicated.
• Routine proteinuria evaluation for both infectious (e.g. HIV, hepatitis B and C) and noninfectious

serologies associated with glomerular diseases based on age, gender, and risks.
• Imaging studies including kidney ultrasound to rule out obstructive uropathy, bladder scanning for

postvoid retention or bladder neck obstruction, and possibly a computed tomography scan with or
without contrast agent as clinically indicated.

• Review of recent or current use of nephrotoxic medications.
• Kidney biopsy as clinically indicated by active urinary sediment, significant proteinuria (e.g., urine

protein to creatinine ratio .1 g/g) with predominant albuminuria, or unexplained rapid kidney
function deterioration.

	10.	 What	are	typical	radiographic	findings	in	SCN?
• Increased echodensity and “garland” pattern of calcification in the medullary pyramids.
• Calyceal clubbing on contrast computed tomogram urography seen with papillary necrosis (often

described with “egg in a cup” or “golf ball and a club”).

	11.	 Why	do	patients	with	SCN	develop	hyperphosphatemia?
• Release of intracellular phosphate from acute hemolysis or rhabdomyolysis.
• Proximal tubular hyperfunctioning with increased reabsorption of phosphate via sodium phosphate

cotransporters in early disease.
• Reduced filtration of phosphate in advanced kidney disease.

	12.	 What	glomerular	disorders	are	commonly	seen	in	patients	with	SCN?
• Secondary focal segmental glomerulosclerosis (FSGS) and its variants are major glomerular lesions

observed in SCD. Both collapsing and noncollapsing patterns of FSGS have been described. The
development of FSGS is likely adaptive to the initial glomerular hyperfiltration followed by repeated
episodes of ischemia and reperfusion injuries. Glomerular hypertrophy was found to be greater
in HbS patients than in idiopathic FSGS. Medullary fibrosis is prominent, suggesting that SCD-
associated FSGS mainly affects the juxtamedullary nephrons supplied by the vasa recta.

• Membranoproliferative glomerulonephropathy and thrombotic microangiopathy may also occur, but
at a lower frequency than FSGS. Membranoproliferative glomerulonephritis (MPGN) with mesangial
expansion and basement membrane duplication may be seen either as an isolated finding or in
association with FSGS. It has been suggested that this rare form of MPGN is caused by fragmented
red blood cells lodged in isolated capillary loops and phagocytosed by mesangial cells, stimulating
the expansion of the mesangium and new basement membrane deposition. Although MPGN was
initially attributed to immune complex injury, subsequent studies demonstrated that MPGN com-
monly occurred without immune complex deposits. In essence, the absence of immune complexes
and electron-dense deposits differentiates SCD-associated MPGN from other forms of MPGN that
are associated with lymphoproliferative or autoimmune disorders, chronic infections, or dysregula-
tion of the complement system.

• Although rare with modern screening for blood borne pathogens, HIV nephropathy and hepatitis-
associated glomerulonephropathies may be possible.
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	13.	 How	is	sickle	cell	anemia	managed?
• Goal hemoglobin for patients with sickle cell anemia and the correction rate of the anemia are

recommended to be no more than 10 to 10.5 g/dL and less than 1% to 2% per week, respectively.
Higher hemoglobin levels and more rapid correction of anemia may precipitate a vasoocclusive crisis.

• Anemia correction may be achieved with blood transfusion or the use of erythropoietin stimulating
agents (ESA). Blood transfusions provide a higher proportion of HbA compared with stimulating
endogenous red blood cells with an ESA. Additionally, the use of ESA may be associated with
increased vasoocclusive risk. ESA dosing may need to be higher in individuals receiving hydroxy-
urea due to the inherent bone marrow suppressive effect of the latter. However, it has also been
suggested that the addition of ESA may allow administration of higher doses of hydroxyurea and
improved fetal hemoglobin levels. Hydroxyurea is used in the treatment of SCD to increase the
synthesis of fetal hemoglobin, which, unlike HbS, does not sickle.

	14.	 How	is	hematuria	managed?
• Conservative measures, including bedrest and oral hydration, remain the cornerstone in the

management gross hematuria.
• In more severe cases, hydration with alkaline fluids may be used to correct volume depletion, acide-

mia, or both, to reduce sickling and minimize HbS precipitation. Other considerations include the use of
loop diuretic to prevent microtubular obstruction, and blood transfusions to reduce HbS and sickling.

• Alternative therapeutic options may be considered in refractory cases and include high-dose urea,
vasopressin, or epsilon-aminocaproic acid (EACA). High doses of oral or intravenous urea (up to
160 g/day) to achieve blood urea nitrogen greater than 100 mg/dL has been shown to inhibit the
polymerization of deoxygenated sickle hemoglobin and are reported to be effective in some refrac-
tory cases. Vasopressin is thought to improve clotting via the increase in plasma factor VIII and
von Willebrand factor. Vasopressin may be given intravenously over 30 minutes at 0.3 mcg of
DDAVP/kg body weight. EACA inhibits fibrinolysis by inhibiting plasmin activity. However, blood clot
formation within the collecting system from the use of EACA may lead to tubular obstruction,
leading to kidney injury. Note that these alternative therapeutic options lack data and are not
without adverse effects. Their use should only be considered for refractory cases. Optimal EACA
dosing is not known, but has been suggested to be 2 to 3 g daily (5 to 50 mg/kg every 8 to 12 hours)
over several days, not to exceed 12 g daily due to risk of thrombosis.

• Angiographic embolization of the involved kidney vessel or balloon tamponade for bleeding from
papillary necrosis may be considered in cases of failed conservative medical therapies.

• Unilateral nephrectomy is not recommended, because bleeding can recur in the contralateral kidney.

	15.	 How	are	patients	with	CKD	managed?
• Progression of CKD:

• Although angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers
(ARB) are commonly used to reduce proteinuria in addition to slowing CKD progression and
lowering blood pressures in non–sickle cell nephropathies, significant antiproteinuric benefits
have not been proven in patients with SCD. Nonetheless, the most updated Cochrane database
review (in 2015) revealed a potential for reduction in microalbuminuria and proteinuria with the
use of captopril among patients with SCD compared with those without the disease. Confirmatory
studies using other ACEi and ARB are lacking.

• Hydroxyurea may have a role in reducing proteinuria and hyperfiltration. It has been suggested
that the increase in fetal Hb with the use of hydroxyurea reduces sickling, which would lead to
improved tissue oxygenation, decreased cardiac output, and reduced kidney blood flow, and
therefore decreased hyperfiltration, glomerular injury, and proteinuria.

• End-stage kidney disease (ESKD): All forms of kidney replacement may be beneficial to patients
with ESKD from sickle cell anemia.

• Dialysis: Both hemo and peritoneal dialytic therapies may be offered to patients reaching ESKD
if there is no modality-specific contraindication. Both modalities confer their own theoretical
advantages.
• Hemodialysis: Readily available vascular access may be used for the urgent or emergent need

for standard and exchange blood transfusions.
• Peritoneal dialysis: The slow rate of ultrafiltration minimizes any acute rise in hematocrit, and

therefore leads to a lower risk of vasoocclusive crisis.
• Kidney transplantation:

• Kidney transplantation may be hindered by high levels of panel reactive antibody due to numerous
previous blood transfusions. There is also a higher infection risk due to autosplenectomy. Sickle
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cell transplant patients have higher risks of avascular necrosis with chronic steroid use and  
precipitating sickle cell crises due to anemia correction following a successful transplant.

• Kidney transplant may be also complicated by allograft venous thrombosis, deep vein thrombo-
sis, and vasoocclusive crises.

	16.	 What	is	the	prognosis	of	patients	with	SCN
• In general, patients with SCD have life expectancy reduced by 25 to 30 years.
• Patients with SCD and kidney failure: Median survival among patients with and without kidney  

failure is 29 and 51 years, respectively. Survival is substantially worse among patients with SCD 
and ESKD compared with their counterpart without the disease.

• Kidney transplant recipients: Although survival of transplant recipients with SCD is inferior to that 
of matched African American recipients without the disease, survival of SCD patients is comparable 
with that of matched diabetic patients. One-year graft survival exceeds 60% to 80%.

 1. The clinical hallmarks of sickle cell disease are:
• Hemolysis
• Vasoocclusion
• Ischemia reperfusion

The underlying mechanisms of kidney injury or sickle cell nephropathy (SCN) primarily relate to  
hypoxia and ischemia.
 2. SCN encompasses a wide range of kidney abnormalities indicating that all segments of the neph-

ron can be affected. The clinical presentation of SCN includes:
• Hyposthenuria
• Isothenuria
• Hematuria
• Proteinuria
• Hyperkalemia
• Papillary necrosis
• Rental tubular acidosis
• Nephrogenic diabetes insipidus
• Glomerulonephritis
• Acute kidney injury
• Progressive decline in glomerular filtration rate and eventual development of end-stage kidney 

disease (ESKD)
 3. Goal hemoglobin and correction rate of anemia should be no more than 10 to 10.5 g/dL and less 

than 1% to 2% per week, respectively. Higher hemoglobin levels and more rapid correction of  
anemia may precipitate a vasoocclusive crisis.

 4. All forms of renal replacement may be beneficial to patients with ESKD from sickle cell anemia. 
These include hemodialysis, peritoneal dialysis, and kidney transplantation.

KEY POINTS
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	 1.	 What	is	the	prevalence	of	chronic	kidney	disease	in	the	elderly?
Approximately 11% of patients older than age 65 years are noted to have chronic kidney disease 
(CKD) as estimated by using the Modification of Diet in Renal Disease (MDRD) study equation in 
those participating in National Health and Nutrition Examination Survey III. As the proportion of  
elderly increases in the population as a whole, the number of elderly patients with CKD is also  
expected to increase.

	 2.	 What	structural	changes	occur	in	the	kidney	with	age?
A progressive decrease in kidney weight and size occurs with increasing age as the glomeruli and the 
interstitium undergo fibrosis and sclerosis, tubules atrophy with drop in number and size, and vascu-
lature scleroses and simplifies (Fig. 49.1). Individual rates of kidney senescence may vary as various 
factors that are known to mediate fibrosis such as angiotensin II, transforming growth factor, nitric ox-
ide, advanced glycosylated end products, oxidative stress, and factors associated with reducing scle-
rosis such as Klotho (antiaging transmembrane protein) and autophagy are altered as the kidney ages.

	 3.	 How	does	age	affect	kidney	function?
Functional changes in the kidney occur in parallel to changes in structure.
• Decreased effective renal plasma flow (ERPF): ERPF decreases approximately 10% per decade 

with age in relation to progressive vascular sclerosis and loss of nephron number. Both changes in 
the number of functioning glomeruli and altered intrarenal signal and response to vasodilatory and 
vasoconstrictive mediators may affect renal plasma flow in the elderly.

• Decrease in glomerular filtration rate (GFR): An estimated drop of 0.8 to 1.0 mL/min per 1.73 m2/year 
in GFR is noted with progressive age depending on methodology used to measure clearance. Decreases 
in GFR with age may also be affected by race, gender, genetic variation, and underlying comorbidities 
including hypertension, diabetes, and cardiovascular disease.

Figure 49.1. Stages of progressive vascular simplification and glomerular degeneration of cortical and juxtamedullary 
glomeruli and arterioles with associated microangiograms. (From Takazakura, E., Sawabu, N., Handa, A., et al. (1972). 
Intravascular changes with age and disease. Kidney international, 2, 224. Reprinted by permission from Macmillan 
Publishers Ltd.)
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• Decreased ability to conserve filtered sodium: An increase in solute load per nephron in the
face of decreased nephron number and increased medullary flow, and lower levels of plasma renin
and aldosterone with age, likely contribute to individuals 60 years and older taking nearly twice the
number of hours (31 vs. 18 hours) compared to those 30 years and younger to reach appropriate
distal tubular sodium reabsorption when sodium restriction is imposed.

• Decreased natriuretic ability: Individuals older than 40 years also handle a salt load less effi-
ciently, as seen by taking a longer time to excrete 2 L of saline than those younger than 40 years.
Although levels of the natriuretic hormone atrial natriuretic peptide appropriately increase, an in-
cremental increase in urine sodium excretion is not evident in older compared to younger subjects,
suggesting a possible decreased tubular sensitivity to natriuretic stimuli.

• Abnormal tubular concentrating and diluting capacity: The older individual may not be able to
reach maximal urinary concentration despite 12 hours of overnight water deprivation. Studies in
aged animals indicate a decrease in tubular transporters, Na-K-2Cl, and ENaC beta and gamma
subunits, urea transporters UT-A1, UT-B1, and intrarenal resistance to arginine vasopressin may be
reasons for decreased urinary concentration. Similarly, maximally dilute urine is also not found with
increasing age given that appropriate solute extraction, suppression of arginine vasopressin, and
distal delivery of the filtered load is necessary.

• Decreased net acid excretion: A diminished capacity for net acid excretion is found in older
adults as both renal mass and GFR decrease are particularly noted when there is increased acid
generation or acid load.

• Changes in potassium handling: Although total body potassium is lower given a decrease in
muscle mass in older individuals, lower plasma renin and aldosterone levels and decreased aldo-
sterone response to potassium load in the elderly predispose to decreased tubular excretion of
potassium. In the face of a sudden potassium load, older individuals may have a decreased ability
to shift potassium into cells because Na-K-ATPase activity is decreased with increasing age.

• Decreased kidney phosphate reabsorption: With phosphate restriction, older kidneys display
evidence for decreased tubular phosphate absorption.

• Tubular calcium excretion: Remains unchanged in the kidney with increasing age.

	 4.	 Why	are	the	elderly	subjects	more	susceptible	to	osmolar	disorders	such	as	hyponatremia	and
hypernatremia?
With inability to maximally dilute urine, the elderly subjects face a greater likelihood for hyponatremia
when situations lead to increased arginine vasopressin (AVP) secretion or response. Medications such
as morphine (high dose), nicotine, vincristine, and cyclophosphamide can enhance, whereas chlorprop-
amide, tolbutamide, nonsteroidal agents, and lamotrigine may promote AVP action. Age-associated
decreased prostaglandin synthesis inhibits water diuresis and also predisposes the older individual to
hyponatremia.

Hyponatremia with thiazide-type diuretics, commonly used to treat hypertension, is more com-
mon in the elderly. Similarly, the presence of a decreased thirst response in addition to a urinary-
concentrating defect can predispose older individuals to dehydration and hypernatremia. Medications
associated with decreased AVP secretion such as morphine (low dose), fluphenazine, promethazine,
carbamazepine, and Haldol, or decreased AVP response including propoxyphene, demeclocycline,
glyburide, and lithium, may increase likelihood of developing hypernatremia in older patients.

	 5.	 What	makes	older	kidneys	susceptible	to	kidney	injury?
Acute kidney injury occurs with 3.5 times greater incidence in those older than 70 years. Approxi-
mately one-third of those $65 years of age are unable to regain kidney function defined as indepen-
dence from dialysis therapy, or return of kidney function at or near baseline kidney function after an
episode of acute injury. Loss of nephron number and function and decreased vascular response to
vasodilation in aging contributes to decreased kidney reserve. Thus any process that further compro-
mises kidney perfusion or loss of nephron function, including pre-renal, intrinsic, or post-renal causes,
increases susceptibility to kidney injury. Volume loss, marked vasoconstriction, or decreased cardiac
output are frequent pre-renal processes in the elderly with numerous comorbidities such as hyperten-
sion, diabetes, heart failure, malignancy, or atherosclerosis. Medications, including angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers, and nonsteroidal agents or contrast
infusion, can exacerbate the prerenal process, thereby requiring careful volume assessment before
use. Intrinsic kidney processes such as toxin-associated tubular dysfunction (i.e., aminoglycosides),
interstitial inflammation (i.e., antibiotic or other drug-mediated), or manipulation of the arterial tree
leading to cholesterol embolization are often evident in the older individuals undergoing diagnoses
and treatment for comorbid illnesses. Urinary tract obstruction can present with acute decline in
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kidney function in the elderly given laxity or overgrowth of pelvic structures with age and enlarged or
prolapsed uterus in females and prostatic hypertrophy in male patients.

	 6.	 What	are	the	best	ways	to	estimate	kidney	clearance	in	the	elderly?
Given loss of muscle mass with age, serum creatinine may not be the most useful marker for estimat-
ing kidney clearance. When appropriately collected, 24-hour urine creatinine clearances can be useful
to measure steady-state clearances in the elderly. Formulas derived from 24-hour urine collections of
populations of elderly with and without kidney disease are frequently used to estimate GFR at the
bedside, minimizing frequent cumbersome 24-hour urine clearances in the elderly. Radioisotopes in-
cluding iothalamate or iohexol X-ray fluorescence can be accurate; however, expense, radioactivity
exposure, and availability limit these procedures for routine GFR measurements (see Chapter 3).

	 7.	 How	does	age	affect	blood	pressure?
Data from the National Health and Nutrition Examination Survey (NHANES) report 67% of adults
$60 years have hypertension. Changes in vascular elasticity with altered extracellular matrix
cross-linking, fibrosis, and calcium deposition with age lead to stiffness and decreased capacity
in the larger elastic vasculature. Older adults are thus noted to have high systolic blood pressure
(SBP) and low diastolic blood pressure (DBP) with subsequent widened pulse pressure. Isolated
systolic hypertension (ISH), defined as SBP .160 mm Hg and DBP ,90 mm Hg, can be found in
75% of elderly patients with hypertension.

	 8.	 What	is	the	importance	of	isolated	systolic	hypertension	in	the	elderly?
ISH is associated with a twofold to fourfold increase in the risk of myocardial infarction, left ventricular
hypertrophy, kidney dysfunction, stroke, and cardiovascular mortality. Even in patients who also have
diastolic hypertension, the cardiovascular risk correlates more closely with the systolic than the diastolic
BP. Among elderly patients, coronary heart disease risk varies directly with the systolic and pulse pres-
sures and inversely with the diastolic pressure.

	 9.	 Should	target	blood	pressure	in	the	elderly	be	the	same	as	in	younger	patients?
Treatment of elevated blood pressure in the elderly including those older than 80 years of age is clearly
beneficial. Current studies indicate that intensive blood pressure lowering (systolic ,120 mm Hg) can
decrease both cardiovascular outcomes and mortality in nondiabetics including those 75 years or older.
Intensive BP lowering in patients $50 years of age does not significantly impact chronic kidney dis-
ease progression; however, intensive BP lowering may increase risk for acute kidney injury events and
incidence of hypotension in the elderly. While recommended BP goal is SBP ,140 mm Hg for the gen-
eral population and more intensive control of SBP ,120 mm Hg considered for nondiabetics with in-
creased cardiovascular risk, no clear data provide guidance related to the minimum diastolic BP that can
be tolerated when treating elderly patients with isolated systolic hypertension (ISH). An analysis from the
Systolic Hypertension in the Elderly Program (SHEP) trial found significant increases in cardiovascular
events in the active treatment group when the diastolic BP was #60 mm Hg. Among patients being
treated for ISH, the post-treatment diastolic blood pressure should be .60 mm Hg overall or, in patients
with known coronary artery disease, .65 mm Hg unless symptoms attributable to hypo-perfusion occur
at higher pressures. SBP goals should not be reached at the expense of excessive DBP reduction.

	10.	 What	are	important	considerations	in	treating	hypertension	in	the	elderly?
BP reduction should always be gradual in elderly patients. All patients should receive nonpharmaco-
logical therapy, particularly dietary salt restriction and weight loss in patients who are obese. Drug
therapy should be started if lifestyle changes are not sufficient. A potential limiting factor to the use
of antihypertensive drugs is orthostatic (postural) and/or postprandial hypotension, common symp-
toms among elderly patients with hypertension. A long-acting dihydropyridine or a thiazide diuretic is
generally preferred in elderly patients because of increased efficacy in blood pressure lowering.

	11.	 Does	revascularization	in	atherosclerotic	renovascular	disease	improve	outcomes	in	comparison
to	medical	therapy	alone?
With age, vascular changes, and as part of generalized atherosclerosis, atherosclerotic renovascular
disease (ARVD) prevalence is estimated at 6.8% in community-dwelling patients older than age 65.
Heightened suspicion for ARVD in older patients should occur when sudden increase in blood pressure
or worsening of kidney function is noted. Screening methodologies including duplex ultrasonography,
computed tomographic angiography, or magnetic resonance angiography, in conjunction with func-
tional significance for underlying stenotic lesions, should be utilized based on patient tolerance and
test availability. Medical therapy with antihypertensive medications, particularly agents blocking the
renin-angiotensin system, is useful, although careful follow-up is necessary in the face of high-grade
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bilateral stenotic lesions given an associated drop in GFR. Although concern for loss of kidney mass
or poorly controlled hypertension with risk for increased cardiovascular events endorses need for a
revascularization procedure either percutaneous or surgical, multiple randomized trials show no evi-
dence for increased clinical benefit in the initial years after revascularization in patients with athero-
sclerotic renal-artery stenosis when compared to medical therapy. No significant improvements in
blood pressure or reductions in kidney or cardiovascular events or mortality were seen.

	12.	 What	glomerular	diseases	are	common	in	the	elderly?
Elderly patients presenting with nephritic sediment and acute or rapidly progressive kidney failure
often have pauci-immune glomerulonephritis, although anti-glomerular basement membrane and
post-infectious glomerulonephritis should also be considered.

A nephrotic presentation, particularly not diabetes related, is commonly associated with mem-
branous glomerulopathy. Although minimal change disease is most common in children, it can be
seen in 1 out of 10 older adults with nephrosis. Amyloidosis should also be suspected in older adults
with marked proteinuria. Secondary etiologies such as malignancy for these presentations should
also be investigated in the older adults given increased association of solid tumors with membranous
kidney lesions, Hodgkin and non-Hodgkin lymphoma with minimal change disease, and the presence
of paraproteinemia with amyloidosis.

	13.	 What	is	the	most	common	cause	for	mortality	in	the	elderly	with	chronic	kidney	disease?
The presence of CKD adds further burden to underlying cardiovascular risks and disease noted with
age. As prevalence of hypertension increases with age, lipid abnormalities are also seen with aging
and CKD. Dyslipidemia in the elderly is characterized by increased triglyceride levels, small high-dense
low-density lipoprotein (LDL), and a low concentration of high-density lipoprotein (HDL), characteristics
similar to CKD. Therefore it is not unusual that mortality in elderly with CKD results more from cardio-
vascular causes than in the progression of kidney disease and kidney failure. Cardiovascular risk man-
agement in elderly with CKD becomes particularly important.

	14.	 Does	modality	of	kidney	replacement	affect	outcome	in	the	elderly?
A clear survival advantage in the elderly is not associated with either modality choice of hemodialysis
or peritoneal dialysis. Some epidemiologic studies, however, suggest a higher mortality for elderly
patients, particularly with diabetes, undergoing peritoneal dialysis. At this time, modality choice in the
elderly should be individualized based on the ability to reach adequate clearance and tolerability of
the procedure, considering both medical and psychosocial factors for each person.

	15.	 What	is	the	best	hemodialysis	access	in	elderly	patients	with	end-stage	kidney	disease	(ESKD)?
While arteriovenous fistula is considered the optimal access for long-term hemodialysis, benefits and risk
assessment including comorbidity, frailty, nutritional status, performance status, life expectancy, vascular
disease, ability to undergo surgical access, risk for infection, and quality of life are important factors to
assess for older individuals in determining the optimal access for each person. With numerous factors
contributing to overall success in arteriovenous access, those with low comorbidities, expected longer
survival, and good functional status may benefit from arteriovenous fistula placement, whereas those
older individuals with lower functional status and increased comorbidities may benefit from arteriovenous
graft survival. However, older individuals with high comorbidity status, poor functional status, and overall
decreased long-term expected survival may benefit from tunneled central venous catheter placement.

	16.	 What	are	considered	major	contraindications	to	dialysis	in	the	elderly?
The major contraindications to dialysis are advanced malignancy, irreversible dementia, or advanced
liver disease. Observational studies of elderly with poor functional status as determined by inability to
achieve some independence in performing activities of daily living as well as increased numbers of
comorbid conditions, including high cardiovascular disease burden, particularly those dependent on
nursing home care, appear to have little survival advantage or improved quality of life with dialysis
over conservative management of no dialysis. Therefore, while not a contraindication, weighed
benefits of survival and quality of life with dialysis to risks of infection, access surgery, hemodynamic
shifts, as well as resource efforts should be individually and carefully considered and conveyed to
elderly patients and or family and surrogates making decisions for dialysis initiation in the elderly.

	17.	 Does	transplant	have	advantages	over	dialysis	in	the	elderly?
Comparison of patients $70 years who remained on wait list for kidney transplantation to those pa-
tients transplanted indicated transplanted patients had 41% decreased risk of death. Mortality benefit
was also seen in those elderly with diabetes and those that received extended criteria donors. These
findings confirm similar comparisons in those aged 60 to 74 years with noted 61% lower mortality for
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transplanted elderly compared to wait-listed elderly with a calculated 4-year increase in life expec-
tancy. Prediction models on nearly 129,000 adults $65 years with Medicare-primary incident ESKD 
from United States Renal Data System and nearly 7000 Medicare-primary first-kidney transplant re-
cipients of the United Network Organ Sharing evaluating post-transplant outcomes suggest that 9.1% 
of the patients are excellent candidates with 3-year post-kidney transplant survival of 87.6% or 
higher. While living donation is ideal, older donors may face difficulty in receiving a standard-criteria 
donor transplant, given current allocation based on Kidney Donor Profile Index. Patients $60 years 
who receive older donor kidneys and extended-criteria donor continue to have lifetime benefits of  
allograft function and should be encouraged. While frailty as a state of decreased physiologic reserve 
with unintentional weight loss, loss of grip strength weakness, slow walking speed, low physical ac-
tivity, and self-noted exhaustion affects mortality in the elderly, lower frailty scores are beneficial for 
survival in elderly whether initiating dialysis or after transplantation. These data suggest continued 
advantage of kidney transplant over dialysis maintenance in the elderly, and older individuals should 
be considered for kidney transplant referral if medically eligible.

	18.	 What	is	the	major	cause	of	kidney	transplant	graft	loss	in	the	elderly?
Kidney transplant graft loss in the elderly is related primarily to patient death. Main causes of morbid-
ity and mortality in the elderly following kidney transplantation are cardiovascular disease, infection, 
and malignancy.

	19.	 What	are	the	important	considerations	for	immunosuppression	in	the	elderly?
Immunosuppressive therapy must be modified in the elderly transplant recipient because immune-
competence lessens, thereby resulting in a decreased likelihood of immunologic rejection, but increas-
ing the risk of infection. The other important consideration is altered pharmacokinetics and effects of 
drugs in the elderly. Some studies suggest that lower levels of immunosuppression may be sufficient in 
elderly patients to achieve adequate patient and graft survival.

	20.	 What	is	the	patient	and	graft	survival	in	the	elderly	kidney	transplant	recipient?
Recipient survival is affected by allograft type. Recipient survival at 1, 3, and 5 years from 2007 regis-
try data are reported to be 99%, 96%, and 79%, respectively, for living donor recipients $65 years; 
97%, 92%, and 67%, respectively, for deceased nonextended-criteria donor; and 95%, 88%, and 
58%, respectively, for deceased extended-criteria donor grafts.

Registry data of 2007 also note excellent allograft survival for recipients $65 years after 1, 3, 
and 5 years with living donor allografts having better outcome with 97%, 94%, and 73%, respectively; 
followed by deceased nonextended criteria donor graft survival of 94%, 86%, and 60%, respectively; 
and 91%, 81%, and 49% for deceased extended criteria donors, respectively.

	21.	 What	is	the	prevalence	of	simple	cysts	in	older	people?
The prevalence of simple cysts increases with age. Presence of at least one or more simple cysts is 
found in approximately 11.5% of those aged 50 to 70 years. The prevalence appears to double to 
22.1% in those older than age 70 years and has been reported as high as 36.1% in those older than 
age 80 years, with a 2:1 frequency in men compared to women.

 1. Both effective kidney plasma flow and glomerular filtration rate decrease in parallel to progressive 
sclerotic changes seen in glomeruli, interstitium, and vasculature of the aging kidney.

 2. A decrease in both concentrating and diluting ability can predispose elderly patients to osmolar 
disorders of hyponatremia and hypernatremia.

 3. Decreased kidney reserve with aging increases susceptibility for acute kidney injury.
 4. Isolated systolic hypertension is most common in the elderly.
 5. Blood pressure reduction should always be gradual in older patients.
 6. Membranous nephropathy is common in older patients presenting with nephrotic syndrome, and 

pauci-immune glomerulonephritis can be a common presentation of rapidly progressive glomeru-
lonephritis in older patients.

 7. Revascularization for atherosclerotic renal artery lesions may not add benefit to treatment with 
medical therapy alone.

 8. Elderly patients with chronic kidney disease die primarily from cardiovascular disease.
 9. Kidney transplant graft loss in the elderly is primarily from patient death.
 10. Prevalence of simple cysts increases with age.

KEY POINTS
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	 1.	 What	is	the	incidence	of	end-stage	kidney	disease	(ESKD)	in	African	Americans?
African Americans represent about 13% of the United States population but account for more than
one-third of the ESKD population. African American adults are almost four times as likely as non-
Hispanic Caucasians to develop ESKD. Among men aged 20 to 39, African Americans are approximately
15 times more likely to develop ESKD secondary to hypertension than age-matched Caucasian men.

	 2.	 What	are	the	risk	factors	for	ESKD	among	African	Americans?
Many biologic and socioeconomic variables might influence the onset and progression of kidney
disease among African Americans. Hypertension, diabetes, and obesity are associated with increased
risk for ESKD and are more highly prevalent in African Americans. High blood pressure (BP) accounts
for nearly one-third, and diabetes accounts for nearly half, of new cases of ESKD among this popula-
tion group. The social position of African Americans in the United States and the lingering effects of
legalized residential segregation place most African Americans in neighborhoods with poor health
assets. They are more likely to suffer from low socioeconomic status, being uninsured or under-
insured, and have low health literacy. These factors and others, such as a lack of awareness of
chronic kidney disease (CKD) risk factors, contribute to the increased risk of ESKD among this group.
These factors may adversely affect BP and blood glucose control in patients with hypertension and
diabetes, respectively, accelerating the onset and progression of kidney disease.

Biological factors that originated as a result of shared evolutionary ancestry, such as variant
APOL1 gene polymorphisms, which emerged in West Africa to protect against trypanosomiasis, and
the presence of two risk alleles (present in approximately 12% of African Americans) is associated
with an increased risk of developing ESKD. Other biologic markers, such as certain polymorphisms of
the GSTM1 gene, an oxidative stress regulator, are associated with a reduced risk of CKD and are
more prevalent among African Americans. Thus, the role of social determinants of health juxtaposed
with an array of risk and resilience genes may conspire differently in varying settings to influence
CKD and ESKD in African Americans.

	 3.	 What	is	the	role	of	diabetes	in	kidney	disease	among	African	American	patients?
High BP and diabetes account for nearly three-quarters of the new cases of ESKD. Diabetes alone
accounts for nearly half of new ESKD cases. Increased rates of poor diabetes control among African
Americans accelerate diabetes-related kidney injury. Increased rates of hypertension and poor BP
control further contribute to the high prevalence of kidney disease among this patient group with
diabetes.

	 4.	 What	are	some	of	the	key	lifestyle	changes	to	optimize	BP	and	blood	sugar	control	and	preserve
kidney	function	in	African	American	patients?
Healthy diet
• Low fat, low sodium, high potassium, and adequate calcium intake.
Regular physical activity
• Increase physical activity as part of the daily routine by undertaking an enjoyable physical activity

for 30 to 45 minutes per day for 3 to 5 days per week.
Weight maintenance
• Monitor body weight and maintain a healthy body mass index.
• Maintain weight by making permanent changes in the daily diet.
Stress reduction
• Develop coping skills for specific stressors in work and/or home environment with meditation,

relaxation, yoga, biofeedback, etc.
Smoking cessation
• Ensure a smoke-free environment.
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	 5.	 What	are	some	of	the	key	approaches	to	achieve	healthy	dietary	changes	in	African	American
patients?
• Recommend nutritional substitutions with foods that an individual will likely eat
• Eat more broiled (grilled) and steamed foods
• Eat more grains, fresh fruits, and vegetables
• Eat fewer fats and use healthier fats, such as olive oil
• Eat fewer processed foods, fast foods, and fried foods
• Read labels and pay attention to the sodium, potassium, and fat content of foods
• Do not season foods with smoked meats, such as bacon and ham hocks
• If lactose intolerant, try lactose-free milk or yogurt, or drink calcium-fortified juices or soy milk
• Limit alcohol consumption to ,2 beers, 1 glass of wine, or 1 shot of hard liquor per day
• Limit the intake of sugar-sweetened beverages and juices

	 6.	 When	should	antihypertensive	drug	therapy	be	initiated	in	African	American	patients	with	kidney
disease?
Pharmacotherapy should be initiated promptly for persistent elevation in BP in spite of the therapeutic
lifestyle changes. Many guidelines recommend both pharmacotherapy and therapeutic lifestyle
intervention if BP is greater than 140/100 mm Hg. If below that level, a 3-month trial of therapeutic
lifestyle intervention to achieve a BP less than 140/90 mm Hg—and if that is not achieved then
pharmacotherapy—should be initiated. In the presence of proteinuria and/or comorbidities, a more
aggressive approach with targeting a BP below 130/80 mm Hg is recommended by some guidelines.
This approach would be supported as safe and likely effective by the findings of the Systolic Blood
Pressure Intervention Trial (SPRINT) that demonstrated improved outcomes in nondiabetic patients
with hypertension with an even lower systolic BP target of less than 120 mm Hg, including the subset
with reduced estimated glomerular filtration rate (eGFR).

	 7.	 What	is	the	relationship	between	BP	level	and	kidney	disease	among	African	American	patients?
African Americans suffer from one of highest prevalence rates of high BP in the world. High BP
predisposes to kidney disease and kidney disease predisposes to high BP. This vicious cycle among
African Americans, in part, accounts for the substantially higher incidence of hypertension-related
ESKD compared to non-Hispanic Whites. Aggressive and appropriate screening for elevated BP and
kidney disease among African Americans will minimize the role of this vicious cycle in the rapid
progression of kidney disease.

	 8.	 What	are	some	of	the	effective	antihypertensive	drugs	for	controlling	BP	in	African	American
patients	with	kidney	disease?
Among a subset of participants in the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT) with reduced eGFR, it was reported that diuretics, renin–angiotensin system
inhibitors, and calcium channel blockers were similar in efficacy. By contrast, the African American
Study of Kidney Disease and Hypertension Study (AASK) found participants who received renin–
angiotensin system inhibitors had the best outcomes, followed by beta blockers, then calcium channel
blockers. Almost all patients in AASK had concomitant diuretic use. In addition, both ALLHAT and AASK
had an alpha blocker arm that was stopped early, making it the drug class of last resort for African
Americans with hypertension and kidney disease. A sequential approach to using different classes of
antihypertensive therapies based on AASK is provided below.
 1. Diuretics (loop diuretics if GFR , 30 mL/min)
 2. Renin–angiotensin system inhibitors
 3. Beta blockers
 4. Calcium channel blockers
 5. Centrally acting sympatholytic agents
 6. Direct vasodilators

	 9.	 What	should	the	goal	be	of	BP	treatment	among	African	American	patients	with	kidney	disease?
At a population level, the risk of cardiovascular (CV) mortality doubles for every 20 mm Hg increase in
systolic blood pressure from 120 to 180 mm Hg. There is no distinct cutoff for the ideal BP in the general
population, and, similarly, there is no ideal BP level for African Americans. In general, treatment is
recommended when BP exceeds 140/90 mm Hg. The recommended BP treatment goal in patients
with hypertension and kidney disease has changed over time from ,130/80 mm Hg to ,140/90 mm
Hg. The AASK trial found no difference in outcomes between participants randomized to the ,140/90
arm and the ,125/75 arm, but a secondary analysis of participants with albuminuria (.300 mg/day)
found improved outcomes with the lower BP target. Thus, several clinical guidelines recommend a
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target BP of ,130/80mm Hg in patients with CKD and proteinuria. Many patients will require three to
four medications to achieve this treatment goal. Achieving the lower target BP of ,130/80 mm Hg in
African Americans with kidney disease and proteinuria should provide the best clinical outcomes.

	10.	 What	is	the	role	of	the	low	renin	status	in	kidney	disease	among	African	Americans?
Low serum renin levels are more prevalent among African Americans and the elderly, and are associated
with salt sensitivity. A suboptimal BP response to weight loss has also been associated with low renin
status. Animal studies suggest low systemic renin status may be due to an increase in intrarenal
renin–angiotensin activity leading to downregulation of systemic renin. The increased intrarenal
renin–angiotensin activation may place people with low systemic renin levels at an increased risk
of kidney damage.

	11.	 Do	African	American	patients	with	ESKD	have	a	higher	mortality	rate?
Although African Americans in the general population have higher rates of overall premature morbidity
and mortality, including cardiovascular diseases, those with ESKD who are on dialysis actually have a
lower mortality rate than their age-adjusted non-Hispanic Caucasian counterparts. The reasons for this
are not clear, but may be linked to a survival bias of

 i. Who reaches dialysis (the smaller group of surviving African Americans may be more resilient)
 ii. Better adaptation to a high-stress environment based on higher rates of prior exposure to stressors
 iii. Reverse epidemiology of cardiovascular disease where major cardiovascular disease (CVD) risk

factors, such as obesity, poorly controlled BP, and diabetes (which are more prevalent in African
Americans) now appear to be protective

 iv. Potential biologic polymorphisms of cell stress regulation
All of these may be protective in this setting.

	12.	 Does	the	use	of	recombinant	human	erythropoietin	predispose	African	American	patients	with
ESKD	to	cardiovascular	disease?
What is not commonly appreciated is that African Americans have approximately 0.5 g/dL lower
adjusted mean hemoglobin (Hb) levels than Caucasians in the general and CKD populations. This may
be due, in part, to variant hemoglobin phenotypes and/or higher rates of inflammation. Therefore
African Americans have lower Hb levels at the initiation of dialysis. Despite these population differences,
the hemoglobin goals in ESKD are the same for African Americans and Caucasians, which results in
the greater use of erythropoiesis-stimulating agents (ESAs) to achieve target Hb levels. The need for
higher doses of recombinant human erythropoietin in the management of anemia in African American
patients with ESKD may worsen high BP and increase vascular thrombosis. This could lead to
accelerated cardiovascular disease and premature death. However, African American patients with
ESKD do not have an increased risk for cardiovascular death. It is possible that the better survival
rates of African Americans on dialysis might be even greater if there was less use of ESAs. An analy-
sis found no difference in cardiovascular outcomes among Caucasians fee-for-service Medicare
patients on dialysis before and after the reduced use of ESA driven by the Centers for Medicare &
Medicaid Services reimbursement policy implemented 2011, while there was an 18% reduction in
cardiovascular events observed in their African American peers, which supports the possibility of
better survival rates of African Americans on dialysis with less ESA use.

	13.	 What	is	a	practical	approach	for	treating	high	BP	in	African	American	patients	with	kidney	disease?
A practical target BP for African American patients with proteinuric kidney disease, based on existing
evidence, is less than 130/80 mm Hg and is expected to use at least two agents to achieve this goal.
Therapy should include an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker
along with a diuretic. If hypertension is refractory to therapy, adverse events should be monitored,
sociocultural factors (e.g., insurance status and medication plan should be evaluated, secondary
causes of hypertension should be considered, and adherence to medication and sodium restriction
(perhaps by use of 24 hours urine sodium collection) should be assessed. The diuretic should be
thiazide-type if eGFR . 30 mL/min and a loop diuretic (usually administered two to three times/day)
if eGFR is ,30 mL/min.

CONTROVERSY

	14.	 Is	blood	pressure	response	to	antihypertensive	therapy	different	in	African	Americans?
African Americans have been shown to exhibit lesser BP reductions on monotherapy with renin-
angiotensin system inhibition compared to Caucasians; however, there are no differences in the
cardiorenal benefits of renin–angiotensin system inhibition across racial/ethnic categories. Controlling
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BP to target levels with a regimen that includes renin–angiotensin system inhibition in both African 
Americans and Caucasians with CKD is associated with comparable improvements in cardiorenal  
outcomes, including a similar decrease in kidney protein excretion.

	15.	 Is	there	evidence	of	ethnic	differences	in	clinical	outcomes	based	on	hypertensive	treatment		
regimens	in	people	with	kidney	disease?
No clinically relevant ethnic differences in outcomes have been noted in patients with hypertension 
and CKD following most randomized controlled evidence-based pharmacologic interventions for BP 
control. Among participants in the ALLHAT with reduced eGFR, there were no differences in clinical 
outcomes by race/ethnicity. However, the paucity of data with adequate numbers of African American 
study participants reinforces the need to achieve greater ethnic diversity in clinical trials. In addition  
to considering the clinical evidence when treating hypertensive kidney disease, clinicians should pay  
detailed attention to potential cultural and socioeconomic influences that disproportionately affect  
adherence and/or access to care among ethnic minority patients.

 1. The incidence and prevalence of kidney disease are highest among African Americans.
 2. Kidney disease among African Americans is characterized by an earlier onset and a more rapid  

progression to ESKD.
 3. High BP and diabetes account for more than two-thirds of the new cases of ESKD.
 4. Clinical outcomes among African Americans with kidney disease can be improved by appropriate 

BP and blood sugar control.

KEY POINTS
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TECHNICAL ASPECTS OF HEMODIALYSIS

	 1.	 What	are	the	components	used	during	a	hemodialysis	procedure?
The components needed to conduct dialysis include a dialysis machine, a method to access the
patient’s arterial and/or venous system, a supply of treated water in order to make dialysate, and the
dialyzer. The dialysis machine consists of two major components: (1) a blood pump and associated
safety equipment for the blood pump to monitor pressures in the system and to ensure that air does
not enter the blood circuit; and (2) a dialysate pump, with associated safety devices to ensure that the
dialysate is at the correct temperature, has the correct concentration of electrolytes, and has not been
exposed to blood from a leak in the dialyzer membrane. The dialysis machine uses the blood pump to
move blood through the dialysis circuit, from the patient, through the dialyzer, and back to the patient.
The patient needs to have some type of access to allow for the rapid movement of blood through the
dialysis circuit. Treated water is needed to make the dialysate used during the dialysis procedure.

	 2.	 What	is	a	dialysis	access?
A dialysis access allows blood to be removed from the patient, sent to the dialyzer, and then returned
to the patient. The minimum blood flow rate that should be delivered is 300 mL/min; thus, peripheral
intravenous (IV) lines, Hickman catheters, and peripherally inserted central catheter lines cannot be
used for this purpose because none of these devices can deliver a high blood flow rate. There are
three different types of vascular access that can be used for hemodialysis: an arteriovenous (AV)
fistula, a synthetic graft, or a catheter. The preferred type of vascular access is an AV fistula.

	 3.	 	What	is	an	AV	fistula?
The AV fistula is created by making a surgical anastomosis between an artery in the forearm or upper
arm with an adjacent vein. Over a period of 4 to 8 weeks, the increased pressure that the vein is
exposed to from the arterial bed causes the vein to dilate and develop a thicker vessel wall. Once
the fistula has matured—defined as a blood flow rate of at least 600 mL/min and a diameter of at
least 6 mm—the fistula can be cannulated with dialysis needles to allow for the removal and return
of blood. Typically, 15-gauge needles are used as dialysis needles, although smaller needles may be
used at first if the fistula is not fully mature.

	 4.	 What	is	a	synthetic	graft	and	why	is	it	not	the	optimal	type	of	dialysis	access?
A synthetic graft (e.g., GORETEX graft) is created by the surgical interposition of a synthetic blood ves-
sel between an artery and a vein. Both the AV fistula and the synthetic graft are below the skin. An AV
fistula is preferred over a synthetic graft because the AV fistula has fewer complications and a longer
primary patency rate (intervention free access survival) and secondary patency rate (access survival
until abandonment). Specifically, there is a much higher rate of intimal hyperplasia at the vein anasto-
mosis in grafts versus fistulas, resulting in stenosis and ultimately obstruction with thrombosis. Grafts
also have higher infection rates due to the presence of a foreign body. Nonetheless, about 30% to
50% of fistulas that are placed are abandoned prior to use due to thrombosis, inadequate blood flow,
or complications from access placement.

	 5.	 When	is	a	catheter	used	for	dialysis	access?
A catheter is used for hemodialysis access when a patient requires dialysis and does not have a
mature AV fistula or graft. This circumstance can occur if either the patient needs dialysis acutely and
does not have a functional AV fistula or graft in place, or if the patient has no suitable site to place an
AV fistula or graft and thus uses the catheter for permanent hemodialysis access. In observational
studies, catheters are the least desirable, because patients with this access have a higher rate of
morbidity and mortality than do patients with either AV grafts or AV fistulas. Permanent catheters are
usually placed into the superior vena cava through the internal jugular vein using a subcutaneous
tunnel to decrease the risk of infection. Temporary catheters can be placed without a subcutaneous
tunnel into an internal jugular vein or into a femoral vein.
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	 6.	 What	is	a	dialyzer?
A dialyzer consists of a container that contains a semipermeable membrane that separates the  
dialysate from the blood that has been removed from the patient. A hollow fiber dialyzer, the type 
most commonly used today, consists of a cylinder that contains more than 10,000 hollow fibers 
that are made of a semipermeable material. To maximize the diffusion that takes place between the 
blood and dialysate, blood travels through the hollow fibers, and dialysate flows around the outside 
of these hollow fibers in a countercurrent direction from the blood. The size of the dialyzer is mea-
sured by the surface area of the semipermeable membrane and is expressed in square meters. 
Most adult hemodialysis membranes have a surface area between 1.5 and 2.5 m2; pediatric dialyz-
ers are often less than 1 m2. A number of different materials are used for the semipermeable 
membranes. These materials vary in the degree to which small and middle molecules can pass 
through the membrane, which, in turn, is determined by the number and size of the pores in the  
dialyzer membrane. In the United States, most membranes are composed of either semisynthetic  
or synthetic materials that allow for the removal of larger molecules to some degree. Typical  
dialyzer membranes consist of polysulfone, polyethersulfone, cellulose acetate, biacetate or  
triacetate, or polyamides.

	 7.	 What	is	dialysate?
Dialysate is a physiologic solution that consists of both inorganic ions found in the body and glucose. 
The dialysate concentration of sodium and chloride is usually physiologic, whereas the concentration 
of magnesium and phosphorus is usually less than physiologic to allow for the removal of these sub-
stances on dialysis. The bicarbonate concentration is usually higher than the physiologic concentration 
to allow for the treatment of metabolic acidosis, which is common in patients undergoing dialysis. 
Typically, several different potassium and calcium concentrations are available so that the rate of  
removal of these ions can be varied as clinical circumstances dictate. The dialysate flows through  
the dialyzer in a countercurrent direction, preferably at a rate that is 1.5 times the blood flow rate to 
maximize diffusion. The temperature of the dialysate is usually set at just below the patient’s body 
temperature, as this setting will allow for vasoconstriction and thus minimize the risk of hypotension 
with volume removal on dialysis. The dialysate temperature can be adjusted by 1°C to 2°C to assist 
with volume removal.

	 8.	 What	occurs	during	the	dialysis	procedure?
The two processes that occur during a hemodialysis session are diffusion and ultrafiltration.  
Diffusion refers to a process by which small and middle molecules move, based on concentration 
gradients, between the blood and dialysate compartments of a dialyzer via a semipermeable 
membrane. Molecules can move through the semipermeable membrane by both diffusion and  
ultrafiltration. Small molecules move across the semipermeable membrane from an area of higher 
concentration (usually the blood) to an area of lower concentration (usually the dialysate). The 
overall effect is to remove small molecules that are likely to be toxins in high concentrations (such 
as potassium, phosphorus, and urea) while repleting those small molecules that are likely to be 
deficient (such as calcium or bicarbonate). Larger molecules do not move as readily across the 
membrane, and molecules that are bound to protein are unlikely to be removed by dialysis. In  
addition, fluid can be removed during the dialysis procedure via the process of ultrafiltration  
(see Question 10).

	 9.	 What	determines	the	rate	of	toxin	removal?
The rate of toxin removal is traditionally measured by the removal of urea. The removal of urea during 
the hemodialysis session is increased by any of these factors:
• Higher blood flow rate and dialysis flow rate: The higher the blood flow rate, the more urea 

diffusion that will occur per unit time. The limiting factor is the dialysis access, with a fistula  
usually being able to deliver the highest flow rates (up to about 550 mL/min) and a catheter  
usually being able to deliver the lowest flow rates (300 to 350 mL/min).

• Higher efficiency of the dialyzer: A higher-efficiency dialyzer typically has a large surface area, a 
thin membrane, and increased porosity. This efficiency is expressed as the dialyzer mass transfer 
area coefficient or KoA of the dialyzer.

• Longer time on dialysis: The longer the time for a single dialysis treatment, the more urea diffusion will 
occur. However, the urea removal per hour diminishes with each additional hour of dialysis provided.

• Frequency of dialysis: The standard form of in-center hemodialysis is three sessions per week, 
but increasing frequency increases the amount of urea and other uremic toxins that can be  
removed.
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	10.	 How	does	fluid	removal	occur	during	the	dialysis	procedure?
The removal of water during the dialysis treatment is referred to as ultrafiltration. During a hemodialy-
sis treatment, a transmembrane hydrostatic pressure gradient develops between the blood and  
dialysate compartments. The total pressure difference between these two compartments determines 
the rate of ultrafiltration. The removal of fluid during the hemodialysis session is increased by any of 
these factors:
• Higher transmembrane hydrostatic pressure: In most modern dialysis machines, the amount of 

fluid to be removed during the dialysis session is set on the dialysis machine, and the machine  
will automatically adjust the pressures to allow for the appropriate amount of fluid to be removed. 
A higher transmembrane pressure results in more fluid being removed per unit time.

• Higher ultrafiltration coefficient (KUf) of the dialysis membrane: The value of this coefficient is 
dependent on the dialyzer surface area, composition, thickness, and porosity.

• Longer duration of a dialysis session. Ultrafiltration will vary based on Kuf and transmembrane 
pressure. This will result in a set amount of ultrafiltration per minute; by extending the number of 
minutes, one can get more ultrafiltration.

	11.	 How	does	one	determine	the	amount	of	fluid	to	remove	during	a	hemodialysis	session?
Typically, a patient will gain between 1% and 5% of their body weight from fluid accumulation  
between dialysis sessions. Patients receiving chronic hemodialysis are assigned a dry weight by  
their nephrologist. A common definition of dry weight is the weight below which patients become  
hypotensive on dialysis. A more precise physiologic definition of dry weight is the body weight at a 
physiologic extracellular volume state. Practically speaking, the dry weight is the weight at which the 
patient is euvolemic on a minimal number of blood pressure medications. The dry weight is set based 
on clinical findings and by patient response to removing additional fluid. The patient’s dry weight will 
vary over time as a result of changes in appetite, the presence of diarrhea, and the like; thus, the  
patient’s dry weight should be reassessed on a regular basis.

	12.	 How	does	one	prevent	clotting	of	blood	in	the	blood	circuit	system	during	hemodialysis?
Heparin is routinely given during the hemodialysis treatment to prevent thrombosis in the extracorpo-
real circuit. Heparin is usually given as a bolus at the initiation of dialysis, followed by a constant  
infusion. The initial dose of heparin required is weight based; however, over time, it is individualized 
for each patient receiving dialysis to prevent complications. The appropriate dose of heparin is gener-
ally the amount that prevents clotting in the extracorporeal circuit but, at the same time, does not lead 
to bleeding from the needle puncture sites for more than 10 minutes after the needles are removed  
at the end of the hemodialysis treatment. In patients who are at high risk for bleeding, such as in 
postoperative patients or those with gastrointestinal bleeding, no heparin is given with monitoring of 
the dialyzer to ensure that it does not clot.

	13.	 What	are	the	difference	types	of	hemodialysis	that	can	be	performed?
The most common type of hemodialysis performed in the United States is in-center hemodialysis. 
Other types of hemodialysis include in-center nocturnal hemodialysis and home hemodialysis.  
In-center hemodialysis is typically performed three times per week, with a session duration of 3 to  
4.5 hours. A fourth treatment per week is sometimes added if additional fluid needs to be removed 
due to excess weight gain between dialysis treatments.

	14.	 What	are	the	different	types	of	home	hemodialysis?
Home hemodialysis is performed by about 1% of patients receiving chronic hemodialysis in the 
United States. Patients performing home hemodialysis need a partner to assist with the dialysis 
procedure (or at a minimum to assist with emergencies) and will need about 4 to 8 weeks of  
training to learn the home hemodialysis procedure. Patients can perform dialysis with a catheter  
or by self-cannulation using a fistula. Several different hemodialysis modalities can be performed  
at home, including conventional three times per week dialysis, short (2 to 3 hours per session)  
daily (six times per week) hemodialysis, and overnight or nocturnal (6 to 8 hours per session)  
hemodialysis performed three to six times per week. For the latter method, several different types 
of alarms are used to assess for blood or dialysate leakage as patients typically sleep during this 
form of hemodialysis.

	15.	 How	is	in-center	nocturnal	hemodialysis	performed?
Nocturnal in-center hemodialysis is performed in an outpatient hemodialysis center overnight for  
6 to 8 hours per treatment, and is typically performed three times per week. Patients typically perform 
dialysis in bed and sleep during the dialysis session.
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ASSESSING THE DOSE OF DIALYSIS

	16.	 How	is	the	dose	of	dialysis	determined?
The dose of dialysis is determined by measuring the urea concentration in the blood at the start and 
end of the dialysis procedure to determine the amount of urea that is removed during the dialysis  
session and concurrently determining the amount of fluid removed during a single hemodialysis  
session. Once these values are available, a variety of techniques can be used to determine the dose 
of dialysis provided to the patient.

	17.	 What	are	the	methods	for	measuring	the	dose	of	dialysis?
The dose of dialysis can be expressed as the urea reduction ratio (URR), the single pool Kt/V, the dou-
ble pool or equilibrated Kt/V, or the weekly or standard Kt/V. The first three expressions can be used 
only for patients who receive hemodialysis three times per week, whereas the standard or weekly 
Kt/V can be used to estimate the dose of dialysis regardless of the number of times per week that the 
patient receives hemodialysis.

 1. The URR is expressed as follows:

URR 100% [1 (C C )]
t O

� � �

where Ct and Co represent postdialysis and predialysis serum urea levels. Because the URR equation 
does not account for volume removal during a dialysis treatment, it is considered less accurate than 
any of the Kt/V formulas.

 2. Single pool Kt/Vurea (spKt/Vurea) is a unitless parameter that can be used to estimate the dose of 
dialysis provided to the patient, where K is the dialyzer blood water urea clearance (L/hour), t is the 
dialysis session length (hours), and V is the volume of distribution of urea (L). Because both K and  
V are difficult to measure accurately in vivo, several regression equations have been developed to 
estimate spKt/V. The most commonly used equation is the Daugirdas II equation:

spKt V ln  [(R 0.008  t]  [(4 3.5 R]   � � � � � � � 00.55 (UF V)]

where R is the postdialysis over predialysis serum urea level (Ct/Co), t is the time of dialysis (in hours), 
UF is ultrafiltration volume in liters (amount of fluid removed by dialysis), and V is the body water vol-
ume in liters. The first part of the equation represents the effects of urea generation during dialysis, 
whereas the second part of the equation represents the additional urea removed with volume removal 
during dialysis. A modification of the Daugirdas formula can be used to estimate spKt/V for dialysis 
frequencies other than three times per week (see link under #4 below).

 3. Equilibrated Kt/Vurea (eKt/Vurea) values accounts for urea release from sequestered tissue sites 
into the blood that occurs in the first 30 to 60 minutes after dialysis. The eKt/V is usually about  
0.2 units less than the spKt/V. The formula for eKt/V depends on whether the patient is  
using a catheter for hemodialysis access:

Arterial access :  eKt V spKt V 0.6 spK� � � ( tt V t 0.03

Venous access :  eKt V spKt V

) �

� � 00.47 spKt V t 0.02� �( )

 4. Standard or weekly Kt/V can be used to estimate the dose of dialysis regardless of the number 
of days per week that the patient receives dialysis. The formula for the weekly Kt/V is complex; 
calculators are available that can provide the value for the weekly Kt/V (including HYPERLINK 
“http://www.hdcn.com/ukm/” http://www.hdcn.com/ukm/).

	18.	 How	often	should	the	dose	of	dialysis	be	measured?
The National Kidney Foundation’s (NKF) Kidney Outcomes Quality Improvement Initiative (KDOQI) 
guidelines for hemodialysis adequacy recommend that the dose of dialysis be measured on a monthly 
basis in patients receiving chronic hemodialysis. Note that if residual kidney function is being included 
in calculating the dose of dialysis (see Question 21), then this residual kidney function should be  
measured every 3 months and any time that an event has occurred that could reduce the patient’s  
residual kidney function (e.g., contrast load, prolonged hypotension).

	19.	 What	technical	factors	should	be	considered	when	measuring	the	dose	of	dialysis?
The method by which the predialysis and postdialysis blood samples are obtained is important in  
ensuring accurate results. Blood urea nitrogen (BUN) levels are subject to rebound of three different 
types: access recirculation, cardiopulmonary recirculation, and remote compartment rebound. By  

http://www.hdcn.com/ukm/
http://www.hdcn.com/ukm/
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PATIENT-RELATED  
REASONS

STAFF-RELATED  
REASONS

MECHANICAL 
REASONS

Late start (patient tardy)
• Early sign off
• With consent (i.e.,  

symptoms)
• Against advice (i.e., social)
Medical complications (e.g., 
hypotension)
No show

Late start (staff tardy)
Wrong patient taken off
Time calculated incorrectly
Time on/off read incorrectly
Clinical deficiencies (i.e., no time 
registered)
Premature discontinuation for unit 
convenience
• Scheduling conflicts
• Emergencies
Incorrect assumptions of continuous 
treatment time (e.g., failure to ac-
count for interruptions of treatment 
such as repositioning needles or 
accidental removal)
Inaccurate assessment of effective 
time by using variable timepieces

Clotting of dialyzer
Dialyzer leaks
Machine malfunction

following a specific technique for blood drawing, the effect of access recirculation on the postdialysis 
BUN sample is minimized. Both the predialysis and postdialysis samples should be drawn during the 
same dialysis session. The postdialysis BUN samples should be obtained using either the slow flow or 
stop flow technique. With the slow flow technique, the dialysate flow is turned off and the blood pump is 
slowed to about 100 mL/min for about 15 seconds prior to obtaining the sample from the sampling port. 
Alternatively, with the stop flow technique, after the aforementioned procedures are performed, the blood 
pump is stopped and the arterial and venous blood lines are clamped prior to obtaining the sample.

	20.	 What	factors	can	cause	the	differences	between	the	prescribed	and	delivered	Kt/V?
The factors that can cause a discrepancy between the prescribed and delivered dose of dialysis  
can be categorized into factors resulting from compromised urea clearance (Table 51.1) and factors 
resulting from a decrease in the effective dialysis session length (Table 51.2).

Table 51.1. Reasons for Compromised Urea Clearance

PATIENT-RELATED  
REASONS

STAFF-RELATED  
REASONS

MECHANICAL  
PROBLEMS

Decreased effective time on dialysis
• Decreased BFR
• Access clotting

• Use of intravenous catheters 
(instead of arteriovenous graft 
or fistula)

• Inadequate flow through 
vascular access

Recirculation
• Use of catheters

• Inadequate access for 
prescribed BFR

• Stenosis, clotting of access

Decreased effective time
Decreased BFR
• Less than prescribed
• Difficult cannulation
Decreased dialysate flow 
rate
• Less than prescribed
• Inappropriately set
Dialyzer
• Inadequate quality  

control of “reuse”

Dialyzer clotting during 
reuse
• Blood pump calibration 

error
Dialysate pump calibration 
error
Inaccurate estimation of 
dialyzer performance by 
the manufacturer
Variability in blood tubing

Modified from Parker, T. F. (1992). Trends and concepts in the prescription and delivery of dialysis in the 
United States. Seminars in Nephrology, 12, 267–275.

BFR, Blood flow rate.

Table 51.2.  Reasons for Decreased Effective Time on Dialysis

Modified from Parker, T. F. (1992). Trends and concepts in the prescription and delivery of dialysis in the 
United States. Seminars in Nephrology, 12, 267–275.
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	21.	 What	dose	of	dialysis	is	considered	adequate	for	in-center	hemodialysis?
For patients receiving hemodialysis three times per week, the 2016 NKF-KDOQI Hemodialysis Ade-
quacy guidelines recommend “a target single pool Kt/V (spKt/V) of 1.4 per hemodialysis session for 
patients treated thrice weekly, with a minimum delivered spKt/V of 1.2 (Grade 1B) and a minimum 
treatment time of 3 hours if residual kidney function is less than 2 mL/min (Grade 1D).” These  
guidelines also note that “for hemodialysis schedules other than thrice weekly, we suggest a target 
standard Kt/V of 2.3 per week with a minimum delivered dose of 2.1 using a method of calculation 
that includes the contributions of ultrafiltration and residual kidney function (Not Graded).” A higher 
dose of dialysis, achieved by either additional hemodialysis sessions or longer hemodialysis treatment 
times, should be considered for patients with large weight gains, high ultrafiltration rates, poorly  
controlled blood pressure, difficulty achieving dry weight, or poor metabolic control (such as  
hyperphosphatemia, metabolic acidosis, and/or hyperkalemia (Not Graded).

	22.	 How	does	one	achieve	an	adequate	dose	of	dialysis	in	an	individual	patient?
The actual delivered dose of dialysis is usually less than the predicted dose of dialysis. A variety of 
calculators can be used to estimate the dose of dialysis once the patient’s size and dialyzer type are 
inputted into the program. Factors that influence the dose of dialysis that can be adjusted include the 
size of the dialyzer, the blood and dialysate flow rates, and the time per dialysis session. Increasing 
any of these parameters should increase the delivered dose of dialysis.

	23.	 Are	there	other	uremic	toxins	that	are	present	in	patients	with	end-stage	kidney	disease?
There are hundreds of toxins that accumulate in kidney failure. Some of these toxins are middle or 
large molecules, some are charged particles, and others are protein bound. Many of these compounds 
are not well removed by conventional hemodialysis. Urea is a surrogate marker for uremic toxins,  
although the removal of urea is a poor model for most other uremic toxins. Additional research is 
needed in this area to determine the extent and effects of these other uremic toxins on morbidity and 
mortality of patients with ESRD. A database of uremic toxins may be found on this website: http://
www.uremic-toxins.org/DataBase.html.

COMPLICATIONS OF HEMODIALYSIS

	24.	 What	are	some	of	the	common	complications	that	are	seen	during	a	hemodialysis	session?
Hypotension is the most common complication of the dialysis procedure. The reported prevalence of 
hypotension varies widely, depending on the definition used and the patient population studied, with 
prevalence ranging from 10% to 40%. Other common complications include cramping (5% to 30%), 
nausea and vomiting (5% to 10%), headache (5% to 10%), pruritus (1% to 5%), chest pain (1% to 
5%), back pain (1% to 5%), and fever and chills (,1%).

	25.	 What	are	the	symptoms	associated	with	intradialytic	hypotension?
Intradialytic hypotension is often accompanied by lightheadedness, dizziness, cramping, and nausea. 
At times, there may be no symptoms until the patient’s blood pressure has dropped to very low, and 
potentially dangerous, levels. To help monitor for hypotension, blood pressure is monitored during the 
dialysis treatment on a regular basis, usually every 30 to 60 minutes.

	26.	 What	is	the	etiology	of	hypotension	during	hemodialysis?
The causes of intradialytic hypotension can be divided into four broad categories, including volume-
related issues, inadequate vasoconstriction, cardiac factors, and other causes. Volume-related issues 
center around a high ultrafiltration rate, an incorrectly low dry weight, or a low sodium level in the  
dialysate. Vasoconstrictive factors include the use of antihypertensive medications just prior to  
dialysis, autonomic neuropathy, a dialysate temperature higher than the patient’s body temperature, 
and eating during dialysis. Cardiac factors include cardiac ischemia, heart failure, and arrhythmias. 
Other, less common causes include a number of complications of dialysis that are described in  
more detail later, including dialyzer reactions, hemolysis, air embolism, septicemia, myocardial  
infarction, pericardial tamponade, and severe anemia.

	27.	 What	are	some	of	the	treatments	used	to	help	minimize	intradialytic	hypotension?
The incidence of hypotension can be minimized by assessing dry weight on a regular basis and coun-
seling the patient on avoiding large fluid gains between dialysis treatments, using a combination of a 
fluid-restricted and low-salt diet. Additional measures that may be beneficial include increasing the 
dialysis treatment time to decrease the hourly ultrafiltration rate, decreasing the dialysate temperature 
by 0.5°C to 2.0°C, avoiding intradialytic food ingestion, and using midodrine (an alpha-adrenergic  

http://www.uremic-toxins.org/DataBase.html
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REACTION RISK FACTORS

Dialyzer reaction See Question 30

Arrhythmias Preexisting cardiovascular disease, hypotension, electrolyte imbalances, 
acidosis

Myocardial infarction Preexisting cardiovascular disease, hypotension

Pericardial effusion Recurrent or unexpected hypotension

Seizures Severe hypertension, markedly elevated blood urea nitrogen levels

Intracranial bleeding Preexisting vascular disease, hypertension

Hemolysis Blood line obstruction/narrowing, problem with dialysate

Air embolism Inadvertent air entry into the blood circuit

agonist) in patients who do not have active cardiac ischemia. Midodrine is ineffective if the patient is 
prescribed alpha-adrenergic blockers.

	28.	 What	is	the	dialysis	dysequilibrium	syndrome	and	how	can	it	be	prevented?
The dialysis dysequilibrium syndrome can occur when patients who are acutely uremic and have a 
high (.150 mg/dL) BUN level are subjected to a prolonged hemodialysis session. It is thought that 
the syndrome develops from an acute increase in brain water content from an abrupt decrease in 
plasma tonicity leading to the movement of water from the plasma to brain tissue. Mild manifesta-
tions of the dialysis dysequilibrium syndrome are nonspecific and include restlessness, headache, 
nausea, and vomiting; severe cases result in seizures, obtundation, or coma. For severe dysequilib-
rium, the dialysis session should be stopped, consideration should be given to prescribing IV mannitol, 
and the airway should be controlled if needed. The risk of dysequilibrium syndrome can be minimized 
by performing short (2- to 2.5-hour) hemodialysis sessions initially and by prescribing mannitol during 
these initial sessions.

	29.	 What	are	some	of	the	life-threatening	complications	that	can	occur	during	a	hemodialysis		
session?
See Table 51.3.

	30.	 How	do	anaphylactic	dialyzer	reactions	present	and	how	are	they	treated?
There are type A or anaphylactic reactions and type B or nonspecific dialyzer reactions. Anaphylactic 
reactions are medical emergencies and are commonly manifested by dyspnea, a feeling of warmth, 
and a sense of impending catastrophe, and can be followed by cardiac arrest and death. Milder 
symptoms include watery eyes, sneezing, cough, abdominal cramping, diarrhea, itching, and urticaria. 
Symptoms usually develop during the first several minutes of dialysis, although the symptoms can be 
delayed for more than 30 minutes. There is a diverse etiology of anaphylactic reactions including an 
allergy to ethylene oxide (used to sterile dialyzers), AN-69 dialysis membranes, contaminated dialysis 
solutions, and heparin or dialyzer reuse. Management is to stop dialysis immediately, clamp the blood 
lines, disconnect the patient from the dialysis circuit, and discharge the blood lines and dialyzer with-
out returning the blood to the patient. The patient may need emergency treatment for anaphylaxis if 
the reaction is severe. Avoidance of the offending agent is needed to prevent recurrent reactions.

	31.	 What	other	dialyzer	reactions	can	occur?
Type B reactions are usually much less severe than type A reactions and are usually manifested  
by chest or back pain, with an onset 20 to 60 minutes after the start of dialysis. Management of  
type B reactions is supportive; consideration should be given to using a different dialyzer to prevent  
in the future.

	32.	 How	does	hemolysis	occur	during	a	hemodialysis	session?
Acute hemolysis is a medical emergency and can result from either problems with the blood tubing or 
needles or problems with the dialysate. Any obstruction or narrowing of the blood line, as a result of 
kinks, manufacturing defects, or the use of small-gauge needles in the presence of high blood flow 
rates, can cause hemolysis. Likewise, dialysate that has an incorrect electrolyte concentration, is too 
hot, or is contaminated with chemicals also can cause hemolysis. Contaminants include chloramine 

Table 51.3. Life-Threatening Reactions
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added to the city water supply; formaldehyde or bleach used to reuse dialyzers; or inadequate water 
treatment resulting in the presence of fluoride, nitrate, zinc, or copper.

	33.	 What	are	the	manifestations	of	hemolysis	and	how	is	it	treated?
Hemolysis may be suspected if the blood in the venous line is port wine in color or if plasma is pink in 
centrifuged samples, or with a marked drop in hemoglobin without an obvious source of bleeding. If 
hemolysis is suspected, the dialysis session should be stopped immediately and the blood in the dia-
lyzer and blood tubing should be discarded because it may have a markedly elevated potassium level 
as a result of potassium release from hemolyzed erythrocytes. Patients will need to be hospitalized to 
monitor the extent of hemolysis and to treat hyperkalemia.

	34.	 How	is	an	air	embolism	detected	and	treated?
Air embolism is a medical emergency that can lead to death if it is not recognized and promptly 
treated. The manifestations of air embolism depend on the positioning of the patient, and, thus, where 
the air embolism travels to. In seated patients, air enters the cerebral circulation, leading to central 
nervous system events, including loss of consciousness and death. In recumbent patients, air enters 
the cardiopulmonary system, leading to dyspnea, cough, arrhythmias, chest tightness, and acute  
cardiac and neurologic events. This emergency should be managed by immediately clamping the 
blood line, stopping the blood pump, placing the patient in a recumbent position on the left side with 
the head and chest tilted downward, and administering 100% oxygen by mask or endotracheal tube.

 1. The rate of uremic toxin removal is determined by the time on dialysis, the blood and dialysate flow 
rates, and the efficiency of the dialyzer.

 2. The dose of dialysis can be expressed as the URR, the single pool Kt/V, the double pool or equilibrated 
Kt/V, or the weekly or standard Kt/V.

 3. For patients receiving hemodialysis three times per week, it is recommended that the minimum  
delivered single pool Kt/V dose of dialysis is 1.2 and that the minimum treatment time is 3 hours  
if residual kidney function is less than 2 mL/min.

 4. Hypotension is the most common complication of the dialysis procedure, seen in 10% to 50% of 
treatments.

 5. Dialysis dysequilibrium syndrome occurs when patients who are acutely uremic and have a high 
(.150 mg/dL) BUN level are subjected to a prolonged hemodialysis session.

KEY POINTS
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	 1.	 What	is	home	hemodialysis	(HHD)?
HHD is a kidney replacement modality for patients with end-stage kidney disease (ESKD) that can be 
performed safely in the patient’s home environment. Assistance of a trained caregiver or qualified  
hemodialysis nurse is a requirement. The frequency of treatment for HHD can vary per individual  
patient. HHD can be performed as conventional HHD, with treatments 3 days a week for 3 to 4 hours 
or longer each time. It can also be performed as short daily HHD, occurring 5 to 7 times a week for 
shorter duration. Lastly, it can be performed overnight as nocturnal NHHD where treatments normally 
last 6 to 8 hours.

	 2.	 How	many	people	today	use	HHD?
The 2010 United States Renal Data System (USRDS) report showed that 0.51% of incident dialysis 
patients were undergoing HHD. Based on the 2015 USRDS report, the use of HHD by incident ESKD 
patients increased by 222% from 2007 to 2013. Even with the large relative rise in HHD, its overall 
utilization as a home dialysis modality is significantly lower than that of peritoneal dialysis (PD). Home  
dialysis, either HHD or PD, was utilized by 9.1% of all patients undergoing dialysis as of 2013.

	 3.	 What	machines	are	used	for	HHD?
In the United States HHD is performed with a “low-flow systems” (L-FS) machine. The most frequently 
used L-FS machine in the United States is the NxStage System. The NxStage machine is portable;  
it weighs 32 kg (71 lbs) and is 15 3 15 inches. Dialysate for the machine is provided in two ways. 
Delivery of 5-L dialysate bags can be made to a patient’s home, with four to six bags needed for short 
daily dialysis. These bags are convenient when patients are traveling. Alternatively, there is a fluid 
generator (PureFlow) that can prepare up to 60 L of dialysate (enough for two to three treatments)  
using a filtering system within the machine and connection to a tap water source.

	 4.	 How	is	HHD	technically	performed	when	compared	with	conventional	hemodialysis?
The common conventional in-center dialysis machine is a “single-pass system” (SPS) machine. A SPS 
machine produces dialysate within the machine by proportionally mixing acid and base concentrates 
with a purified water source. The dialysate then moves as a single-pass, high-flow fluid to the dialyzer 
for transmembrane contact with the patient’s blood. A SPS machine typically uses a dialysate flow to 
blood flow (Qd:Qb) ratio of 2:1. With an L-FS machine (like the NxStage), the flow rates are reversed 
so that Qd:Qb is between 1:2 and 1:3. This permits a more complete equilibrium between dialysate 
and patient’s blood, ultimately allowing for the use of less dialysate.

	 5.	 What	type	of	access	is	used	for	HHD?
Patients are able to use a tunneled central venous catheters (CVCs) or arteriovenous fistulae (AVF)  
to connect themselves to an HHD machine. As in conventional in-center hemodialysis, an AVF is  
preferred over a CVC, given the increased risk of blood stream infections associated with CVCs.

	 6.	 Describe	the	“buttonhole”	method	and	why	it	is	used.
The conventional method of repeated cannulation of an AVF involves using sharp-tip needles and  
rotating needle puncture sites (“rope-ladder technique”) with each successive dialysis treatments.  
A “buttonhole” is a constant fibrous tract established by repeated puncture followed by small eschar 
formation of the same site. Recannulation of the same two sites eventually allows access with a 
blunt-tip needle.

	 7.	 What	are	the	advantages	and	disadvantages	of	buttonholes?
Some observational studies suggest that the buttonhole method helps minimize patient discomfort and 
adverse effects of repeated cannulation attempts and provides a predictable location for repeated 
puncture. Buttonholes can allow for greater ease of cannulation by the patient or caregiver. It has also 
been reported to reduce the pain associated with sharp-needle puncture, although this claim has 
been disputed with a more recent randomized controlled trial. The primary limitation of buttonhole use 
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is its increased risk of infections. Studies have shown that buttonhole cannulation results in higher
rates of both local and systemic infections. In particular, it increases the risk of Staphylococcus aureus
bacteremia. The use of the buttonhole technique thus may be more appropriate in some cases, such
as for patients with short AVF segments.

	 8.	 What	are	clinical	benefits	of	HHD?
There are randomized and nonrandomized trials that have shown several benefits to more frequent
hemodialysis. Daily hemodialysis has been shown to improve cardiovascular parameters such as a
reduction in left ventricular (LV) mass, a decrease in systolic blood pressure, and mean arterial
pressure. Other surrogate markers of clinical improvement attributed to daily hemodialysis include a
reduction in antihypertensive medication use, improved adequacy of dialysis, improved serum phos-
phate control, and improved quality of life. Some key limitations to these studies deal with the
selection bias of home dialysis patients. Patients performing their own dialysis treatments at home
tend to have greater social support, financial resources, greater health literacy, motivation, and might
be overall healthier than their in-center dialysis counterparts.

	 9.	 Describe	the	clinical	outcomes	of	HHD	versus	in-center	hemodialysis.
One retrospective cohort study showed that patients receiving “intensive” dialysis (five to seven
sessions per week) compared with patients receiving in-center hemodialysis (three treatments per
week) showed a strong association with improved survival. During the 4-year follow-up period 13%
of the intensive HHD group died, compared with 21% of the conventional in-center dialysis group.

	10.	 What	was	the	Frequent	Hemodialysis	Network	(FHN)	Trials?
The FHN trials are the largest to-date prospective randomized controlled trials to study the safety,
feasibility, and efficacy of frequent in-center (Daily Trial) and frequent home-based nocturnal (Nocturnal
Trial) hemodialysis. The first arm (FHN-Daily Trial) randomized 245 patients from 10 regional
centers to receive six (frequent) or three (conventional) in-center hemodialysis sessions per week for
12 months. The second arm (FHN-Nocturnal Trial) randomized 87 patients from 9 regional centers to
12 months of 6 times per week (frequent) home nocturnal hemodialysis versus 3 times a week
(conventional) HHD. All patients were receiving conventional thrice-weekly in-center dialysis prior to
the time of randomization.

	11.	 What	did	we	learn	from	the	FHN	trials?
The coprimary composite outcomes examined in both daily and nocturnal trials were (1) death or
change in LV mass death or (2) change in physical health composite (PHC) score. Secondary out-
comes analyzed were cognitive performance, self-reported depression, laboratory markers of nutri-
tion, mineral metabolism and anemia, blood pressure and rates of hospitalization, and vascular access
interventions. The FHN-Daily Trial showed a statistically significant benefit of more frequent hemodial-
ysis (HD) for both coprimary composite outcomes (death/LV mass or death/PHC). The FHN-Nocturnal
Trial (HHD patients) did not show a definitive benefit of more frequent nocturnal HD for either co-
primary outcome. Both arms showed improvement in phosphorus and systolic blood pressure control.
Neither trial showed significant benefit among the other main secondary outcomes. Long-term sur-
vival (median 3.6 years follow-up) was significantly better in the group of patients who were initially
randomized to the frequent dialysis arm of the FHN-Daily trial. In contrast, long-term survival (median
3.7 years follow-up) was worse for the frequent dialysis HHD patients in the FHN-nocturnal trial.

	12.	 Are	there	studies	that	compare	overall	mortality	between	HHD	to	PD?
There are few comparative effectiveness studies to help better answer this question. One of the first
studies to examine this was an observational cohort analysis using the Australia and New Zealand
Dialysis and Transplant Registry (ANZDATA). The primary outcome of mortality between conventional
in-center dialysis, PD, and HHD was examined with all patients starting dialysis over a 1-year period.
HHD had a 49% lower mortality rate when compared with patients receiving conventional in-center
HD. In contrast, patients receiving PD had similar mortality as the conventional in-center HD cohort.
However, patients in the HHD group were younger, with fewer comorbid conditions, and hence
“healthier” than their PD and in-center HD counterparts.

	13.	 Are	there	differences	between	the	rates	of	hospitalization	or	technique	failure	with	HHD	versus	PD?
An observational study compared the relative mortality, hospitalization rate, and technique failure of
HHD versus PD. Technique failure in this setting was defined as switching to a different dialysis
modality. An incident cohort of HHD patients (NxStage System One Registry) was matched to a cohort
of incident PD patients from USRDS database between 2007 and 2010. Overall, HHD was associated
with decreased mortality, fewer hospitalizations, and less technique failure.
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	14.	 How	are	PD	and	HHD	similar?
See Table 52.1.

	15.	 What	are	the	primary	reasons	for	hospitalization	in	HHD	patients?
Studies have shown that HHD patients have significantly lower rates of hospitalization due to  
cardiovascular disease (specifically heart failure and hypertension related causes) when matched to 
conventional in-center HD patients. When compared with PD, HHD patients have a significantly lower 
composite (combined causes being infection, cardiac, access related, or bleeding) hospitalization 
rates. HHD patients when compared with in-center HD patients have significantly higher rates of  
infection-associated hospitalizations, specifically sepsis and metastatic infections of the bone and 
heart.

	16.	 Are	there	psychosocial	benefits	to	choosing	HHD?
Patients along with their care partner who choose home dialysis modalities have greater autonomy 
over their treatments. Patients do not have to travel 3 times a week and adhere to a strict in-center 
dialysis schedule. Patients on home dialysis have greater flexibility with work and lifestyle schedule. 
Depression has been found to be significantly less prevalent in patients undergoing HHD (8%) versus 
in-center hemodialysis patients (42.3%). In comparison, patients receiving short-daily in-center HD in 
the FHN trial did not experience an improvement in depression.

	17.	 What	are	some	barriers	to	HHD?
Barriers to selecting HHD include patients’ fear of isolation and having to manage their care independent 
of a facility with similar patients and medical staff. Furthermore, patients may have anxiety about  
self-cannulation or risk of a catastrophic event during dialysis without the assistance of trained  
medical personnel. HHD requires a care partner to assist with dialysis. Patients may not have a  
suitable home environment (insufficient space, hygiene, plumbing, or electricity). Some patients are 
intimidated by the perceived complexity of the process. For some patients, operating the machine 
may seem overwhelming. Though overall costs for HHD may be less than in-center HD, some of the 
costs may be shifted from the dialysis unit to the individual patient. Providers who are unfamiliar or 
dialysis centers that do not have the appropriate resources can also become barriers to patients 
choosing HHD.

	18.	 What	challenges	do	caregivers	of	HHD	face?
All patients who undergo HHD are required to have a care partner present in the home when dialysis 
occurs. Some patients dialyze at home independently, not needing help, while caregivers/partners aid 
others. Caregivers tend to be a patient’s spouse, parent, child, other relative, or friend. The caregiver’s 
burden presents another major challenge to patients undergoing HHD. Caregivers are typically trained 
with the patient and need to be present during the entirety of a patient’s treatment. One systemic  
review of qualitative studies showed that caregivers experienced great strain with the demands and 
responsibilities of assisting with HHD. Caregivers with partners with more comorbidities may feel a 
greater strain both physically and financially. The emotional and physical strain from daily dialysis can 
create “burnout” in the patient or caregiver.

	19.	 What	is	the	training	for	HHD?
There is no standardized method for training patients to undergo HHD. Nonetheless, there are key  
elements of the training process that are integral in producing a successful HHD patient:
 1. Selecting the right patient. Though most patients can undergo HHD, some contraindications to  

HHD include unstable medical conditions (i.e., seizure disorder), unstable behavioral problems  

Table 52.1. A Comparison of Peritoneal Dialysis and Home Hemodialysis

PERITONEAL DIALYSIS HOME HEMODIALYSIS

Mobile dialysis machine Mobile dialysis machine

Highly efficient use of dialysate Highly efficient use of dialysate

Physiologic perfusion of peritoneal membrane High blood flow

115–140 L lactate buffered dialysate per week. 100–180 L lactate buffered dialysate per week.

6–7a doses per week 5–6a doses per week

aTypical frequency prescribed to achieve optimal clearance.
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(i.e., intravenous (IV) drug use, uncontrolled psychosis), and conditions that may cause abrupt loss 
of consciousness.

 2. The patient’s home must be suitable for HHD. There must be a proper water supply, electrical 
source, and appropriate hygiene.

 3. Nurses/trainers must be motivated, knowledgeable, and understand the principles of adult  
learning.

 4. Training usually takes 4 to 6 weeks, with the involvement of a care partner.
 5. There should be an adequate assessment of the patient’s ability to safely perform HHD at home  

independently or with a care partner.
 6. Patients should also be able to understand and manage other aspects related to their ESKD, such 

as diet, nutrition, medications, and obtaining appropriate lab work.

	20.	 Is	HHD	safe?
There is a paucity of literature available on the rate of adverse events and technical complications  
associated with HHD. Adverse events associated with conventional hemodialysis are also present with 
HHD. Life-threatening emergencies like exsanguination and air embolism are rare. Other complica-
tions like access-related infections, hemolysis, hemodynamic instability associated with aggressive 
ultrafiltration, or dialysate leak and acute electrolyte derangements associated with treatments are 
more common. Nonetheless, HHD is safe. One retrospective multicenter study out of Canada found 
that among 190 HHD patients, life-threatening adverse events occurred at a rate of 0.060 per 1000 
treatments. Another study out of New Zealand and Australia found after comparing HHD pts to  
conventional in-center dialysis the relative risk of death from angioaccess bleeding or infection was 
0.27 (0.20 to 0.37). Effective training/retraining, routine evaluation of access stability, wet sensors, 
and machine alarms, along with other safety measures, are utilized to reduce adverse events  
associated with HHD.

 1. HHD is usually prescribed as more frequent and shorter dialysis seasons compared to conventional 
in-center dialysis. As such, HHD has been shown to improve several important surrogate outcomes 
like phosphorus and BP control. It likely is associated with improved patient survival as well.

 2. HHD is convenient, allows for greater patient autonomy, and provides a portable platform to perform 
kidney replacement therapy.

 3. HHD is a safe dialysis modality that has multiple safety mechanisms incorporated into the machine 
and patient training. This leads to life-threatening adverse events being very rare occurrences.

 4. Key barriers to HHD include patients’ fears, anxiety toward managing their dialysis outside of a 
medicalized facility, and the dialysis provider’s lack of familiarity with the modality.

KEY POINTS
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PERITONEAL DIALYSIS
James A. Sloand

TECHNICAL ASPECTS OF PERITONEAL DIALYSIS

1.	 	 What	is	peritoneal	dialysis	(PD),	and	how	does	it	work?
PD is a means of removing waste (such as urea, creatinine, and phosphate), other solutes (i.e., sodium
and chloride), and excess fluid from the body when the kidneys have failed. A sterile solution (PD fluid)
containing a balanced concentration of electrolytes and an osmotically active agent is introduced into the
patient’s peritoneal cavity by a PD catheter or tube. The latter is placed surgically (laparoscopic or open)
or by interventional (bedside or radiologic) technique. The introduced PD fluid bathes the expansive net-
work of capillaries covering the surface area of the peritoneum. As the PD fluid is devoid of any waste,
solutes move down concentration gradients across peritoneal capillaries into the PD fluid over time until
near-equilibrium of uremic solute concentrations is reached between the blood and the PD fluid. Once
this occurs, the PD fluid (“dialysate effluent”) is drained, again through the PD catheter. The process is
then repeated with fresh PD fluid. The osmotically active agent present in the PD fluid draws fluid, called
ultrafiltrate, across the peritoneal capillaries into the PD fluid. Wastes and excess fluid are removed
when “spent” PD fluid effluent is drained. The cycle of infusion of PD fluid, followed by its dwell in the
peritoneum, and subsequent drainage from the patient is referred to as an “exchange.”

2.	 	 What	are	the	indications	for	and	clinical	benefits	of	PD?
PD can be performed in any patient who has end-stage kidney disease (ESKD) and has intact
peritoneal anatomy and function. Specific contraindications are discussed later (see Question 9).

The main clinical benefit of PD is that it allows patients the flexibility and lifestyle choices
inherent in a home-suitable kidney replacement therapy. It also has an advantage in providing
continuous removal of waste and fluid, similar to the continuous function provided by the kidneys. The
resulting physiologically gentle means of dialysis is thought to contribute to better preservation of
existing residual kidney function (RKF). Maintenance of RKF has been shown to provide survival
advantage for patients with ESKD. The continuous nature of PD also affords greater hemodynamic
stability and avoids rapid transcellular shifts of fluids and electrolytes. These features help maintain
circulatory integrity and tissue perfusion, factors potentially compromised by intermittent renal
replacement therapies.

Initiating renal replacement therapy (RRT) with PD also helps preserve vasculature for future
vascular access as part of an “integrated therapy” strategy for patients anticipated to require multiple
RRTs (PD, transplant, home hemodialysis [HD], in-center HD) over their lifetime. As such, a RRT
strategy of “PD first” is one advocated by an increasing number of clinicians when a preemptive
kidney transplant is not available. This approach could also reduce the need for central venous
catheters (CVCs) in patients needing an unplanned dialysis start.

Better preservation of RRF, avoidance of compromised cardiac, brain, and gut perfusion, as well
as avoidance of CVCs may help explain the apparent survival advantage reported in retrospective
observational analyses of propensity matched-PD and HD-treated incident ESKD cohorts.

3.	 	 What	is	peritoneal	membrane	transport,	and	why	is	it	important?
Bidirectional transport of solutes and water occurs across the capillary walls of peritoneal membrane.
Solute concentration gradients between the peritoneal capillary blood and the PD fluid are the primary
drivers of net transport. However, the intrinsic transport characteristics of the peritoneal membrane
capillary network are variable between patients and have a significant impact on patient outcome.
Understanding an individual patient’s peritoneal membrane transport type is therefore critical to
appropriate tailoring of their PD prescription.

Membrane transport is classified as slow, slow average, fast average, or fast, according to the
peritoneal equilibration test (PET), as described in the following sections. In general, patients with fast
to fast average membrane transport characteristics should be prescribed shorter dialysis dwell times
to enhance fluid and small solute removal. Patients with slow and slow average membrane transport
should generally be prescribed longer dwell times.
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	 4.	 What	is	the	PET?
The PET is a standardized procedure for assessing the permeability and efficiency of a patient’s  
membrane to exchange small solutes and fluid. The PET uses a series of dialysate (D) and plasma  
(P) samples obtained over a 4-hour period to measure solute equilibration (D/P creatinine), rate of  
glucose absorption, and net fluid removal or “ultrafiltration” (UF; Fig. 53.1). After determining these 
values, the patient’s peritoneal membrane is categorized into one of the four membrane transport 
classifications. Each membrane classification (slow, slow average, fast average, fast) has specific 
characteristics that guide the clinician in tailoring the patient’s dialysis prescription. An example of  
results from a typical standard PET is included (Fig. 53.2). In general, patients found to have fast to 
fast average membrane transport characteristics should be prescribed shorter dialysis dwell times  
to enhance fluid and small solute removal. Rapid equilibration of waste between dialysate and 
plasma, along with absorption of the osmotic agent (dextrose) by abundant peritoneal capillaries,  
are the reason for this.

The standard PET is usually done with a 2.5% (2.27% anhydrous) dextrose PD solution, but a 
4.25% (3.86% anhydrous) dextrose solution can be used as an alternative. The benefit of using the 
latter is that it produces near-identical diffusive results to a 2.5% solution and provides additional  
information about maximal UF capacity of the peritoneal membrane being tested. Reproducible and 
accurate results have been demonstrated with either solution.

	 5.	 What	is	the	“Three-Pore	Model,”	and	what	is	its	relevance	to	peritoneal	membrane	transport?
Fluid and solute are transported between the blood and the peritoneal cavity across the peritoneal 
membrane. The capillary endothelial membrane provides the primary hindrance to this exchange. 
Mathematical modeling to describe, understand, and simulate this transport was captured by Bengt 
Rippe in his 1991 description of the “Three-Pore Model.” The accuracy of the model has been  
validated in clinical studies and is used extensively to predict solute and fluid removal using different 
PD prescriptions for given peritoneal transport characteristics. As implied, transport across the  
peritoneal capillary is characterized to occur across three distinct endothelial “pores”:
 1. Intracellular aquaporins or water channels. Aquaporins are affected by osmotic pressure and are 

exclusively permeable to water.
 2. Inter-endothelial cell or “small” pores. Small pores respond to both crystalloid and colloid osmotic 

forces and are permeable to both water and solutes smaller than albumin.
 3. Large inter-endothelial cellular pores. Large pores account for less than 0.01% of all capillary 

pores. While these are capable of passing larger molecules and proteins, they are effectively  
unresponsive to osmotic forces given their large size (precluding a transcellular gradient). Transport 
across these is unidirectional from plasma to peritoneal cavity and occurs by hydrostatic pressure. 
Large pores are responsible for leakage of protein into the peritoneal cavity.
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Figure 53.1. Interpretation of the peritoneal equilibration test. Changes in solute concentration during a peritoneal 
equilibration test allow classification into different transport types. Creatinine is corrected for glucose interference in this 
assay. (Modified from Twardowski, Z. J., Nolph, K. D., Khanna, R., Prowant, B. F., Ryan, L. P., Moore, H. L., & Nielsen, 
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The Three-Pore Model is a fairly accurate mathematical tool used to predict solute and water
transport for specific peritoneal membrane transport characteristics in response to different PD
solutions with varying osmotic contents.

	 6.	 What	are	the	different	methods	of	PD	catheter	placement?
There are currently three techniques for catheter placement:
 1. The dissective technique involves surgical placement of the catheter by mini-laparotomy. This is

typically done under general anesthesia.
 2. The modified Seldinger technique involves “blind” insertion of a needle into the abdomen, place-

ment of a guidewire, dilation of a tract, and insertion of the catheter through a sheath, all without
visualization of the peritoneal cavity.

 3. Laparoscopic insertion using a small optical peritoneoscope for direct inspection of the peritoneal
cavity. The latter can be performed as an outpatient procedure under local anesthesia with gas
insufflation.

The advantage of the Seldinger approach is that it can be placed acutely at the bedside or in the
interventional radiology/nephrology suite without the need for general anesthesia. Conversely, superior
results have been demonstrated using the advanced laparoscopic technique. Though some of the
success may be operator dependent, the technique benefits from:
• Rectus sheath tunneling, during which the transmural segment of the catheter is obliquely placed

through a long musculofascial tunnel in the abdominal wall. This effectively maintains pelvic
orientation of the catheter tip and reduces the risk of both exit site leak and hernia.
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• Direct visualization of the PD catheter into the pelvic cavity
• Ability to address other abdominal peritoneal issues such as occult hernias, adhesions, redundant

omentum, and epiploic appendices that may influence short- and long-term catheter success
The insertion technique used is determined by availability of expertise and economics. Success

of the catheter after implantation is driven by the following of best demonstrated practices (BDPs),
operator expertise, and patient comorbidities. To ensure the best patient outcomes, there needs to be
cooperation among surgeons, radiologists, and nephrologists, irrespective of who places the PD
catheter. These operators need to work collaboratively to develop common pathways and techniques
to provide timely peritoneal access and resolve complications.

	 7.	 Can	elderly,	obese,	diabetic,	and	pediatric	patients	receive	PD?
PD can be used successfully in the majority of patients with kidney disease requiring dialysis. PD has
been shown to be effective for patients with large body size or obesity, polycystic kidney disease,
advanced age, diabetes, or other comorbidities (e.g., liver failure, ascites), and in patients without
clinically significant kidney function (called anuria; see Question 8).

PD is also the preferred form of dialysis for most pediatric patients with ESKD, including
neonates and infants. Benefits include no need for vascular access or venous puncture, association
with good blood pressure control, fewer hospital visits for dialysis and associated care, facilitation of
full-time school attendance, and better psychosocial adjustment for both patients and caregivers.

Assisted PD describes support of individuals unable to perform their own PD with assistance for
all or part of their dialysis procedure. Assistance is provided by a health care technician, community
nurse, family member, or a trained partner. Assisted PD is an option for elderly or disabled patients,
allowing them to initiate or continue to use PD despite mental or physical limitations.

	 8.	 Can	patients	continue	receiving	PD	after	they	are	anuric?
Although maintenance of even a minimal amount of kidney function has been demonstrated to have a
survival benefit in patients treated with either PD or HD, patients with anuria do fine on PD. Adequate
nutritional intake and UF appear to be key elements to good outcome in patients who are anuric and
receiving PD.

	 9.	 What	are	the	absolute	contraindications	to	PD?
The definition of absolute contraindication is the presence of a clinical condition that makes a
treatment either unsafe or unlikely to be effective. There are few absolute contraindications for PD.
PD is contraindicated in patients with:
• Diaphragmatic defects (e.g., pleuroperitoneal abnormalities)
• Abdominal defects (e.g., unfixable hernia) or processes (e.g., acute diverticulitis) that prevent

effective PD or increase the risk of infection
• Situations where the patient and/or caregiver are unable or unwilling to learn the therapy. As noted

previously, assisted PD has provided a solution for the later problem.

	10.	 Why	would	a	patient	want	to	do	PD?
• PD is generally provided in the patient’s home, precluding the need to commute to and from

dialysis on a fixed schedule.
• PD provides patients an active role in their own care
• Greater independence
• More flexibility in dialysis prescription to accommodate school, work, travel, and recreation
• Unlike conventional HD, PD is a needleless form of RRT.

	11.	 Are	there	requirements	that	would	limit	certain	patients	from	being	able	to	do	PD?
PD is typically performed in the home, a setting in which either the patient or home caregiver is
responsible for setup, connections, and execution of the treatment. While this may limit the ability of
certain patients with visual, tactile, or motor restrictions from performing PD on their own, for most
patients, “where there is a will, there is a way.” Patients are enabled by the flexibility to do either
continuous ambulatory peritoneal dialysis (CAPD) or automated peritoneal dialysis (APD; see defini-
tions that follow), family and/or caregivers (i.e., see the section on “Assisted Peritoneal Dialysis” that
follows), and PD nursing teams knowledgeable about innovative care accessories that help overcome
most limitations. Notably, many nursing homes offer PD, offloading any burden from the patient.
Similarly, while space limitations or the presence of pets (i.e., cats) may at first seem to be a barrier
to PD use, smaller, more frequent home supply deliveries and the use of CAPD, respectively, help
circumvent these issues. PD should ideally be performed in a dedicated area of the living quarters
that is kept clean (not sterile), and is free from blowing dust or dander.
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	12.	 Which	is	better:	PD	or	HD?
PD, HD, and kidney transplant offer alternative and complementary means to treat ESKD. Most
comparative analyses of observational registry studies have demonstrated similar outcomes for PD
and HD in patients. A number of studies have shown better early survival (6 to 24 months) for patients
treated with PD compared with those treated with HD (lower relative risk of death or higher survival
probability favoring PD). While patient involvement in the decision-making process is key, clinician
guidance in development of an integrated “ESKD Life Plan” can optimize clinical and lifestyle outcomes
when the full spectrum of renal replacement therapies is appropriately sequenced. When possible,
initial treatment with PD has the potential to improve early survival, improve transplant results,
preserve vasculature for future access, and maintain more downstream renal replacement options. A
“PD First” or preferred policy exists in many countries based on clinical as well as economic benefits.

	13.	 What	do	CAPD,	APD,	CCPD,	NIPD,	and	“high-dose”	mean?
CAPD is the abbreviation for continuous ambulatory peritoneal dialysis. Typically patients manually
infuse and drain 2 to 3 L of PD fluid three to four times a day. The PD fluid is allowed to dwell
in the peritoneal cavity for a period of 4 to 6 hours per each of three daytime exchanges and
8 to 10 hours during the overnight exchange. Patients will usually carry PD fluid in the peritoneum
continuously, 24 hours a day. Depending on the individual circumstance, a dry period may be allowed
for reasons of patient comfort or convenience.

APD is the abbreviated term for automated peritoneal dialysis. This refers to use of a cycler (see
Question 14) to assist in administration and drainage of PD fluid. Typically this is utilized to administer
several dialysis exchanges at night while the patient is sleeping, with a final filling of the abdomen in the
morning before the patient disconnects from the device. When APD is programmed to provide dialysis
cycles both at night and for a “last fill” of fresh PD fluid that will remain in the peritoneal cavity during
the day, it is called continuous cyclic PD, or CCPD. When a “last fill” is not programmed and the cycler
only provides nocturnal dialysis exchanges, the APD is termed nocturnal intermittent PD, or NIPD. NIPD,
where patients have a “dry day,” should only be considered for patients who have residual kidney
function (RKF). RKF is associated with improved survival in PD patients thought perhaps to be related
to removal of larger molecular weight substances (i.e., B2 Microglobulin). When kidney function is lost,
removal of these larger molecular weight solutes by PD is time-dependent and therefore is enhanced with
a long dwell. As such, anuric patients should be prescribed either CCPD or CAPD where there is no “dry”
period (neither a “dry day” or a “dry night,” respectively).

Use of APD does not preclude additional manual exchanges from being done during the daytime
hours, if needed. When a “last fill” is drained in the late morning or in the afternoon followed by
infusion of an additional “midday” exchange with the intent of augmenting fluid and solute removal,
the term “high-dose” is used.

	14.	 What	is	acute	PD?
Many patients need urgent or emergent dialysis. This occurs in patients who are not previously
known to have chronic kidney disease (CKD) or when dialysis is started in situations of progressively
deteriorating, but known, CKD without a permanent access (i.e., a fistula or a PD catheter). Urgent or
emergent dialysis also occurs in situations of acute kidney injury (AKI). In the United States, Canada,
and Europe, these patients are usually started on HD after placement of a CVC. However, there is
movement to increase use of PD in these situations, with the goal of avoiding CVCs (tunneled and
untunneled) and the morbidity and mortality associated with them.

PD can be used in many patients who have an unplanned start for dialysis. In a retrospective
analysis comparing the outcomes of a group of patients started acutely on PD and a nonmatched group
of patients with a planned start on chronic PD, there was no difference in infectious complications or tech-
nique survival rate, although mechanical complications were significantly more common in the acute
group. In another small study in France, patients were nonrandomly selected for unplanned start with
either PD or HD. Median time from PD catheter insertion to PD start was 4 days. The 1-year survival
adjusted for comorbidity (79% survival on HD compared with 83% on PD) and the rehospitalization
rate were similar. In a more recent observational cohort study from Germany, groups started on either
unplanned acute PD or HD had equivalent mortality rates. HD patients had a significantly higher risk of
bacteremia, presumably due to CVC use. PD was initiated within 12 hours after PD catheter implantation
in this study, delivered nocturnally thrice weekly. Urgent start PD has also been proven effective in the
elderly population. It should be noted that these are all single-center studies where the norm is HD. One
would anticipate that increasing experience using PD for unplanned starts would improve outcomes.

Published experience with PD for AKI is limited. Ponce et al. demonstrated that high-volume PD
(weekly Kt/V ~ 3.5) could achieve adequate metabolic and fluid control in AKI patients without severe
fluid overload or hypercatabolism. A prospective randomized experience of 120 patients comparing
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high-volume PD to six times per week HD showed both similar survival (58% and 53%) and recovery 
of kidney function (28% and 26%). Although results here are encouraging, experience with acute 
placement of PD catheters and PD therapy itself is a critical factor for success. Acute abdominal  
processes would be a contraindication to using acute PD.

	15.	 What	is	a	cycler,	and	who	can	or	should	use	it?
A cycler is a mechanized device made to assist in the administration and drainage of PD fluid. Use of the 
cycler to administer part or all of the PD prescription is termed APD. Although the cycler is primarily used by 
patients to administer their PD prescription at home, it can also be used in settings outside the home such 
as acute care, chronic care, or rehabilitation facilities to provide dialysis. The automation provided by APD 
allows a wider range of PD prescription options (both dwell volume and exchange frequency), allowing the 
ability to tailor prescriptions to accommodate individual patient needs. Accordingly, patients with “fast”  
peritoneal membrane transport characteristics have improved survival using APD compared with CAPD. Use 
of the cycler also reduces the number of manual connections the patient or care provider needs to perform. 
This lowers the risk for touch contamination. Patients treated with APD have similar or lower rates of perito-
nitis and similar or better technique survival compared with patients not using the cycler (e.g., CAPD).

	16.	 What	are	the	contents	of	PD	solutions?
All PD solutions are sterile fluids containing physiologically balanced amounts of electrolytes and an osmoti-
cally active agent. The latter is needed to draw fluid across the peritoneal capillaries into the PD fluid (UF). 
There is a variety of commercial PD solutions available, with the main differences related to one of two 
things: the base buffer (and accompanying solution pH) and the osmotically active agent (Table 53.1).

The electrolyte composition of PD solutions is roughly
• Sodium 132 mEq/L
• Chloride 95 to 105 mEq/L
• Calcium 2.5 to 3.5 mEq/L
• Magnesium 0.5 mEq/L

Potassium is not in any PD fluid, but it can be manually added using sterile technique if neces-
sary. Standard PD solutions contain lactate rather than bicarbonate as the base buffer to prevent  
precipitation of calcium and magnesium in the PD fluid. The usual concentration of lactate is approxi-
mately 40 mEq/L, and the resulting pH is 5.2 to 5.5. The pH rises rapidly to a physiologic level above 
7.0 within about 15 minutes of infusion into the peritoneal cavity. Lactate absorbed from the PD fluid 
is converted to bicarbonate by a healthy liver. PD solutions containing exclusively lactate as the base 
buffer are contraindicated in patients with preexisting severe lactic acidosis.

Alternatively, bicarbonate can be used as the primary base buffer, enabling a final solution pH  
of 7.4. This can be done by separating bicarbonate from calcium and magnesium using a dual- 
chambered PD container, with the separation maintained until just before infusion into the peritoneum. 
This reduces or even eliminates the pain during infusion of PD fluid that is experienced by some  
patients. It also has other theoretical advantages based on the more physiologic or “biocompatible” 
nature of the solution (discussed later).

Both standard PD solutions and dual-chambered bicarbonate-buffered PD solutions utilize  
dextrose (D-glucose) as an osmotic agent. Dextrose-containing solutions are usually available in three 
concentrations: 1.5 g/dL, 2.5 g/dL, and 4.25 g/dL (concentrations based on dextrose in its monohydrous, 
rather than anhydrous, form*). Manufacturers of some brands of dual-chambered solutions contain 10% 
more dextrose, however. Increasing the glucose content of PD solutions increases their osmolality, thus 
augmenting their ability to remove fluid (UF). The osmolalities associated with the previous standard 
dextrose concentrations are 346, 396, and 478 mOsm/kg, respectively. The osmotic gradient generated 
by dextrose-containing PD solutions dissipates over time as the dextrose is absorbed by the peritoneal 
capillaries. This gradient will dissipate more rapidly when lower concentrations of dextrose are used 
(e.g., 1.5 g/dL or 1.36 g/dL dextrose-containing solution, monohydrous or anhydrous, respectively) and in 
patients who have a larger peritoneal capillary network (e.g., fast membrane transport). Long exchange 
dwell times (e.g., .6 hours) can result in poor fluid removal, or even net negative fluid balance, because 
lymphatic absorption of PD fluid occurs at a constant rate (typically 1 to 2 mL/min), and can exceed 
transcapillary UF, particularly toward the end of a long exchange.

Both icodextrin (Extraneal) and amino acids (Nutrineal) have been used as alternative osmotic 
agents to dextrose. Icodextrin is a polyglucose molecule having a very large molecular weight, a  
property that increases colloidal osmosis (oncotic pressure) of the containing PD solution (as opposed 

* The same dextrose content of solutions is used in Europe, but dextrose is referred to in its anhydrous form. Respective
dextrose concentrations are therefore 1.36%, 2.27%, and 3.86%.
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Table 53.1. Contents of Peritoneal Dialysis Solutions

DIANEAL  
PD1

DIANEAL  
PD2

DIANEAL  
PD4

PHYSIONEAL 
35

PHYSIONEAL 
40 EXTRANEAL NUTRINEAL

PLASMA 
(ADULT)

Electrolytes (mmol/L)
Sodium 132 132 132 132 132 133 132 136–145

Calcium 1.75 1.75 1.25 1.75 1.25 1.75 1.25 1.12–1.32

Magnesium 0.75 0.25 0.25 0.25 0.25 0.25 0.25 0.65–1.05

Chloride 102 96 95 101 95 96 105 98–107

Buffer (mmol/L)
Lactate 35 40 40 10 15 40 40 0.6–1.7

Bicarbonate — — — 25 25 — — 21–30

pH 5.5 5.5 5.5 7.4 7.4 5.5 6.7 7.4

Osmotic Agent, Osmolarity (mOsm/L)
1.36% glucose 347 345 344 345 344 — — —

2.27% glucose 398 396 395 396 395 — — —

3.86% glucose 486 484 483 484 483 — — —

7.5% icodextrin — — a — — 284 — —

1.1% amino acids — — — — — — 365 —

PD, Peritoneal dialysis.
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to crystalloid osmotic pressure generated by dextrose-containing solutions). Extraneal does not
contain any dextrose, has an osmolality of 282 mOsm/kg, and has a pH of 5.2. The fluid-removing
capacity of this novel solution is not attenuated over time, making it ideal for long daytime (APD) or
nighttime (CAPD) exchanges. Nutrineal also has the benefit of being glucose-free, utilizing 1.1 g/dL
of amino acids as an osmotic agent. It has a pH of 6.4 and an osmolality of 365 mOsm/L.

	17.	 What	are	“biocompatible”	PD	solutions,	and	what	is	their	clinical	impact?
PD solutions whose composition more closely mirrors physiologic conditions in terms of pH, osmolality,
osmotic agent, manufacturing-induced breakdown products of osmotic agents, and buffer are
generally considered “biocompatible” PD solutions. The intent of “biocompatibility” is “to leave the
anatomical and physiological characteristics of the peritoneum unchanged in time.” Conventional PD
solutions are considered “bioincompatible” because they are glucose-containing, hyperosmolar,
lactate-buffered, and generally below physiologic pH. They also contain glucose degradation products
(GDPs) that develop as consequence of heat sterilization of the glucose contained in the PD solutions.
Fibrotic and microvascular changes are observed to occur in the peritoneal membrane over the time
of chronic exposure to these solutions. The association has led to the conclusion of their presumed
culpability for these histologic changes, which are linked to increased small solute permeability,
reduced UF, and attenuated technique success. Relevant to this discussion is the fact that UF failure
accounts for less than 10% of PD technique failure at 2 to 3 years.

Production of more “biocompatible” PD solutions employing alternative osmotic agents (e.g., icodextrin,
amino acids), buffers (e.g., lactate/bicarbonate or pure bicarbonate), and dual-chambered containers
to reduce GDP content has therefore ensued. The composition of the latter includes a low pH, calcium/
magnesium, and glucose-containing compartment. GDP production is minimized during heat sterilization
of glucose at low pH. The adjacent buffer-containing compartment contains either bicarbonate/lactate or
bicarbonate alone. Precipitation of calcium or magnesium with these buffers is prevented by their separation
until just prior to peritoneal infusion, at which time the seal between the two adjacent chambers is broken.

The clinical impact of neutral-pH, low-GDP PD solutions in comparison to conventional PD
solutions was assessed in a recent systematic Cochrane review. No significant effects were seen
on peritonitis, technique survival, and patient survival, nor were harms identified with their use. In
addition, while extended time to anuria and greater urine output was noted in several studies, this
effect may have been influenced by diminished UF capacity of some of the neutral-pH, low-GDP
solutions. Reduced UF could result in expanded effective arterial volume, augmenting urine output.
Studies examining the potential benefit of “biocompatible” solutions on preservation of peritoneal
membrane solute transport and UF capacity are ongoing.

	18.	 Can	icodextrin	interfere	with	results	of	“Point	of	Care”	glucometer	results?
“Point of Care” (POC) glucometers and test strips that do not use glucose-specific methodologies
cannot discern the difference between glucose and other sugars in the blood (e.g., maltose). While
icodextrin is not absorbed across the peritoneal membrane, some is absorbed via peritoneal lymphatics
and eventually reaches the systemic circulation. There it undergoes metabolism by amylase, with
the main metabolite being maltose. Given limited kidney excretion in patients with ESKD, plasma
levels of icodextrin and maltose metabolites with once daily use reach stable levels that do not return
to baseline values for at least 2 weeks following complete cessation of icodextrin use. As such,
nonglucose-specific POC glucometers may result in falsely elevated blood glucose readings in patients
on icodextrin. This could either result in the masking of true hypoglycemia or provide falsely
elevated blood glucose reading, situations that could lead to erroneous clinician action and potentially
life-threatening events. Patients on icodextrin should therefore have blood glucose measurements
done exclusively with glucose-specific POC monitors or, if hospitalized, have their blood glucose
values ascertained by the clinical chemistry laboratory.

	19.	 What	are	the	elements	of	a	PD	prescription,	and	how	is	it	determined?
Elements of a PD prescription include:
• Total number of exchanges per day
• Dwell duration, dwell volume, and PD fluid content (dextrose, icodextrin, amino acid) of each

exchange
• The method of PD (CAPD or by cycler [APD], and whether the peritoneum is dry for any part of the

day, is also included in the prescription.
The PD prescription is individualized for each patient based on his or her physiologic needs and

desired lifestyle. The former is determined by the size of the patient (either volume of distribution of
urea or body surface area), their peritoneal membrane transport characteristics, and their RKF. Further
adjustment can be made based on dietary and fluid intake of the patient. The prescription can then be



376 TREATMENT OPTIONS

modified to accommodate their work, school, or social schedule using either CAPD or APD. In general, 
patients with fast peritoneal membrane transport require shorter dwell times (as equilibration happens 
quickly), whereas those with slower membrane transport require longer dwell times. Although minor  
differences are apparent, icodextrin is handled similarly, irrespective of membrane transport type.

	20.	 What	is	tidal	APD?
Tidal APD is a technique whereby a constant residual volume of PD fluid (e.g., 200 mL) is left in the 
peritoneal cavity following the first APD cycle and dwell. Partial fill volumes delivered for subsequent 
cycles (e.g., 1800 mL) are reduced proportionate to this prescribed residual volume, so that the total 
peritoneal volume does not exceed the prescribed dwell volume (e.g., 2000 mL). Accommodation  
in cycler prescription must be made for the anticipated UF. Failure to do so will result in progressive 
increases in peritoneal volume and intraperitoneal pressure, an effect that could result in adverse  
abdominal wall or cardiopulmonary events. Intermediate full drains are possible and programmable in 
the cycler. Tidal PD is usually prescribed for reasons of drain pain, to provide a “cushion” of PD fluid 
between the PD catheter and pelvic organs. A constant residual volume provided through tidal PD can 
also help manage slow PD catheter drainage occurring toward the end of drain attributable to pelvic 
structures impeding flow at low peritoneal fluid volumes.

	21.	 How	long	can	patients	stay	on	PD?
There is no defined time limit to a patient being able to stay on PD. Technique survival of patients 
treated with PD (defined as the proportion of patients who remain on PD and have not transferred to 
HD) is highly variable (45% to 84% after 3 years of therapy and 25% to 75% after 5 years of therapy), 
given large local and regional differences in PD catheter placement expertise, peritonitis rates, preser-
vation of peritoneal transport function, transplantation rates, and supportive home assistance. To some 
extent, lack of evidence-based international care standards, or of adherence to them, has contributed 
to this variation. Introduction of the Peritoneal Dialysis Outcomes Practice Patterns Study (PDOPPS)  
in 2013 should hopefully provide some solution at least to identification of best practice. Adequate  
nutritional intake, maintenance of a normal volume status, avoidance of infection, and reducing  
patient care burden are key elements to successful longevity (technique survival) on PD.

	22.	 Does	PD	affect	kidney	transplantation?
Patients receiving PD as their means of RRT are much more likely to receive a kidney transplant.  
Although this may be explained by demographics of the PD population, there may be other contributing 
factors. Infectious and cardiovascular challenges inherent to intermittent HD could potentially result in 
the removal of prospective transplant patients from an “active” transplant list, delaying transplantation.

Patients receiving PD as their pretransplant means of RRT have a similar or better overall post-
transplant patient survival, and a similar or lower incidence of delayed graft dysfunction compared with 
those treated with CHD. Conversely, the risk of graft failure was similar or higher in the population 
treated with PD before transplant; some studies also demonstrated a higher risk of graft thrombosis.

	23.	 What	dietary	restrictions	are	required	for	PD?
In general, there are fewer dietary restrictions for patients on PD than there are for those on thrice-weekly 
HD because of the continuous nature of PD as a RRT. Patients on PD can be allowed a reasonably liberal 
intake of potassium. Conversely, unrestricted sodium and water intake should be discouraged unless the 
patient has an excellent urine output and little need for high-concentration dextrose PD solutions. Chronic 
exposure to consistently high dextrose–containing PD solutions may contribute to the development of  
hypokalemia, adverse changes to the peritoneal membrane, and weight gain by the patient.

KDOQI recommends that all patients with ESKD on RRT be encouraged to ingest a diet high in 
protein, particularly protein with high biologic value. This helps offset the catabolic effects of dialysis 
related to HD and amino acids and/or protein lost in the spent hemodialysate or peritoneal dialysate. 
Approximately 5 to 15 g of protein can be lost in PD effluent over a 24-hour period, highlighting the 
importance of a recommended intake of 1.2 to 1.3 g/kg per day of dietary protein.

 1. The main clinical benefit of peritoneal dialysis (PD) is that it allows for greater flexibility and lifestyle 
choices inherent in home-suitable kidney replacement therapy.

 2. Initiating incident patients on PD (i.e., “PD First”) offers survival and other clinical benefits,  
particularly in situations where renal replacement is unplanned or a central venous catheter would 
otherwise be used.

KEY POINTS:  TECHNICAL ASPECTS OF PERITONEAL DIALYSIS
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 3. The continuous nature of PD affords greater hemodynamic stability by avoiding rapid shifts in  
intravascular volume and rapid transcellular shifts of electrolytes. These features help maintain  
circulatory integrity and tissue perfusion, factors potentially compromised by intermittent renal  
replacement therapies.

 4. Residual kidney function is associated with survival benefits and is better preserved with PD than 
intermittent hemodialysis.

 5. Initiating incident patients on PD preserves the vasculature for future access, maintaining more 
downstream kidney replacement options.

ASSESSING THE DOSE OF DIALYSIS

	24.	 What	is	dialysis	adequacy,	how	is	it	measured	in	PD,	and	what	are	the	current	minimum	targets
in	PD?
Accumulation of uremic wastes not removed by the failing kidneys contributes to poor outcome
in patients with ESKD, although this may be a simplistic view, given a number of other neurohor-
monal changes that accompany loss of kidney function. Ideally the removal of a threshold or
adequate amount of waste with dialysis would result in improved outcome, with any incremental
amount removed above this amount having little impact on improving clinical outcome. Previous
and more recent studies have primarily focused on the relationship between clearance of only
small solutes, in particular urea and creatinine, and outcome. It is important to recognize the
limitations of this conventional and “convenient” assumption, however. Many important uremic
toxins with much larger molecular weight and water solubility behave quite differently than urea
and creatinine do and are therefore not removed effectively by standard dialysis, either HD or PD.
Despite this, the use of urea and creatinine removal by dialysis has remained the primary metric
of dialysis adequacy, with expectation that increased removal of these using augmented dialysis
treatment intensity will result in improved clinical outcomes. To date, results of randomized con-
trolled interventional trials comparing distinct tiers of urea removal have failed to demonstrate
this. Conversely these studies have shown that poor outcomes can occur if minimum amounts of
urea are not removed. Based on these results, both the National Kidney Foundation Kidney
Disease Outcomes Quality Initiative and the International Society of Peritoneal Dialysis guidelines
for PD recommend that adequacy be assessed by total (peritoneal and kidney) clearance of urea
(termed “Kt”), normalized to its volume of distribution (Vurea). Assessment of this requires collec-
tion and measurement of urea present in 24-hour collections of both drained PD effluent and
urine. Although the current weekly standardized Kt/Vurea target recommended by both the Kidney
Disease Outcome Quality Initiative (KDOQI) and the International Society for Peritoneal Dialysis
(ISPD) is 1.7, both guidelines recognize the importance of clinical assessment of the individual
patient in determining need for more dialysis. In recent years, there has been doubt cast on the
validity of Kt/Vurea as a valuable metric of clinical outcome, much less a payment-required
“reportable” one. Other factors possibly important in patient outcome include volume status,
sodium, phosphate, and middle molecule (e.g., beta-2-microglobulin) removal, as well as
inflammation. The means to address these are currently being considered.

	25.	 Why	is	there	so	much	difference	in	the	minimum	Kt/Vurea	targets	for	PD	(i.e.,	weekly	Kt/V	$	1.7)
and	conventional	thrice-weekly	HD	(i.e.,	per treatment	or	equilibrated	Kt/Vurea	$	1.2)?
PD provides continuous removal of uremic solute, therefore resulting in a relatively constant concen-
tration of urea and other uremic wastes. Conversely, because of its intermittent nature, thrice-weekly
HD results in uremic solute levels that are highly variable, with peak levels occurring just prior to
treatment, nadirs during and immediately upon cessation of treatment, followed by progressively
increasing levels over the next 48 to 72 hours until the next therapy. To account for these differences,
time-averaged blood urea nitrogen levels are used to formulate a weekly standardized Kt/Vurea. Based
on these calculations, an equilibrated Kt/Vurea of 1.2 obtained at thrice weekly with intermittent HD is
equivalent to a weekly standardized Kt/Vurea of 1.7 to 2.0, values comparable to that achieved with PD.

	26.	 Is	peritoneal	clearance	equivalent	to	that	provided	by	the	kidneys?
Peritoneal clearance is not equivalent to that afforded by the kidneys. While PD clearance of small
solutes is reasonable, that of larger molecular weight solutes and protein-bound toxins pales in
comparison to what renal clearance provides. Thus the value of Kt provided by dialysis is inferior
to a similar numerical value of Kt provided by the kidneys.
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	27.	 Why	is	residual	kidney	function	(RKF)	important	in	patients	with	PD?
RKF is strongly associated with a survival advantage for patients receiving both peritoneal and HD. 
Postulated reasons for this association include better
• Removal of phosphate
• Removal of middle molecular and protein-bound wastes
• Salt and water balance
• Removal of inflammatory mediators

Therefore it is important to protect RKF in patients receiving dialysis. PD is superior to HD in pre-
serving RKF. This is probably related to the hemodynamic factors associated with its continuous nature.

It is important to protect RKF, irrespective of their chosen modality of kidney replacement therapy. 
This includes the use of agents to block the renin-angiotensin-aldosterone system, avoidance of  
nonsteroidal inflammatory drugs and radiocontrast agents, volume depletion, and sodium phosphate 
bowel preparations. Prolonged use of aminoglycosides and other nephrotoxins should also be  
avoided. Short-term use of aminoglycosides in patients with ESKD is safe and can be used, pending 
identification and sensitivity of organisms causing peritonitis with subsequent change to an alternative 
nonaminoglycoside agent later.

	28.	 How	important	is	volume	control	in	patients	treated	with	PD,	and	how	is	it	best	managed?
Attainment of euvolemia has been demonstrated to be important to clinical outcome in patients with 
ESKD, whether treated with PD or HD. Although determination of dry weight is challenging for any  
patient, observational analyses have demonstrated that enhanced UF in patients treated with PD is 
associated with improved survival.

Conservative management is the cornerstone of volume management and includes kidney protective 
measures, sodium restriction, and optimal use of diuretics. Peritoneal UF using icodextrin (Extraneal) is  
superior to dextrose-based solutions for the long dwell exchange (8 to 16 hours). Icodextrin also removes 
greater amounts of sodium per volume of ultrafiltrate than dextrose-based solutions (i.e., 130 mEq/L vs. 
100 mEq/L of UF, respectively) related to its mechanism of action. Specifically, Icodextrin is an iso-osmolar 
solution that acts exclusively on the small pores of the peritoneal capillaries, drawing near isotonic ultrafil-
trate (by colloid osmosis) into the peritoneal cavity from the blood. Conversely, nearly half of ultrafiltrate  
obtained by dextrose-based solutions (crystalloid osmosis) is sodium-free water derived from the osmolality-
sensitive aquaporins. The use of icodextrin also simplifies the PD prescription, as UF and sodium removal 
with icodextrin is relatively independent of patient transport type (Fig. 53.3). It also helps reduce peritoneal 
glucose exposure and systemic glucose absorption, particularly for fast and fast average transport patients.

	29.	 Does	the	peritoneal	membrane	transport	status	impact	the	prescribed	dose	of	PD?
“Fast transporters” typically have no problem achieving adequate clearance of small solutes, given rapid 
equilibration of these substances across the peritoneal capillary membranes. Conversely, rapid absorption 
of glucose from the PD fluid and dissipation of the glucose-associated osmotic gradient occurs  
simultaneously, impacting adequate removal of both fluid and sodium. The latter is presumed to account 
for an increased risk of death and technique failure in “fast transport” patients treated with CAPD and 
longer dwell times. Modeling studies have suggested, and clinical studies have confirmed, that UF and 
sodium removal can be achieved in faster membrane transport through the prescription of shorter dwells 
(most conveniently done with APD) and icodextrin for the long dwell. Notably these prescriptive changes 
are also associated with significantly improved outcomes. An appropriate PD prescription, tailored to the 
patient’s peritoneal membrane transport, is imperative for optimal clinical outcome.

 1. An appropriate peritoneal dialysis (PD) prescription, tailored to the patient’s peritoneal membrane 
transport, is imperative for optimal clinical outcome.

 2. Although determination of dry weight is challenging for any patient, observational analyses have 
demonstrated that enhanced ultrafiltration (UF) in patients treated with PD is associated with  
improved survival. Peritoneal UF and sodium removal using icodextrin (Extraneal) has been shown 
to be superior compared to dextrose-based solutions.

 3. Residual kidney function is strongly associated with survival advantage for patients receiving both 
peritoneal and hemodialysis. As such, strong attention should be paid to protecting kidney function 
for all patients on dialysis.

 4. Icodextrin used as a cornerstone to the initial PD prescription simplifies the PD prescription for both patients 
and prescribers and minimizes the impact of patient membrane transport type on UF and sodium removal.

KEY POINTS:  ASSESSING THE DOSE OF DIALYSIS
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Figure 53.3. Estimation of ultrafiltration volumes and sodium removal difference using either icodextrin or 2.5% 
(monohydrous) glucose-containing dialysate during simulated automated peritoneal dialysis and continuous ambulatory perito-
neal dialysis therapies for the long dwell (15 hours and 9 hours, respectively). A, Difference in long dwell UF for APD relative 
to membrane transport status. B, Difference in long dwell sodium removal for APD relative to membrane transport status. 

Continued
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COMPLICATIONS OF PERITONEAL DIALYSIS

	30.	 What	are	the	risks	of	infection	with	PD	compared	with	HD?
The overall incidence of infection among patients with PD is no greater than among patients with 
HD. According to data collected by USRDS, patients on PD are significantly less likely to have  
dialysis-associated bacteremia or sepsis, a complication almost completely associated with HD. 
Conversely, the most serious infection and one almost exclusively occurring in patients on PD is 
peritonitis. Technical advances in the past decade around “patient-to-dialysate connectology”  
and infection control strategies have reduced the peritonitis infection rates markedly. While  

C, Difference in long dwell UF for CAPD relative to membrane transport status. D, Difference in long 
dwell sodium removal for CAPD relative to membrane transport status. (Modified from Akonur, A., Sloand, J., Davis, I., & 
Leypoldt, J. (2016). Icodextrin simplifies PD therapy by equalizing UF and sodium removal among patient transport types 
during long dwells: A modeling study. Peritoneal Dialysis International, 36, 79–84.)

Figure 53.3. cont’d
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infection-related hospitalizations rates are higher for patients on PD than for those on HD, this is 
likely related to the ability to treat infections for the HD population in the dialysis outpatient setting 
using a permanent vascular access. Notwithstanding, in recent years, infection-related hospitalizations 
have declined more among patients on PD than among those on HD.

	31.	 What	are	an	exit	site	infection	and	a	tunnel	infection?
The presence of purulent drainage, with or without erythema on the skin around the catheter exit  
site, indicates the existence of an exit site infection. Redness around the catheter may be an early 
heralding sign of infection or simply local irritation. The latter is more likely if it occurs shortly after 
catheter placement, trauma, or traction about the catheter exit site. A positive culture in the absence 
of abnormal exit site appearance is suggestive of colonization, not infection.

A tunnel infection is defined by involvement of the catheter tunnel beyond the superficial cuff. The 
presence of catheter tunnel infection can occur in the setting of an exit site infection. This is suggested by 
erythema, edema, and tenderness over the subcutaneous course of the PD catheter. A fluid collection dem-
onstrated by ultrasound can facilitate diagnosis (and adequate duration of treatment) of a tunnel infection.

	32.	 How	is	an	exit	site	infection	prevented?
Prevention of exit site infections (and peritonitis, described later) starts with proper placement  
of the PD catheter. The exit site of the catheter should be in a location that can be clearly seen 
by the patient, downward or laterally facing to preclude funneling of dirt or cellular debris into 
the catheter exit site, and not buried in a panniculus or abdominal skinfold. Prophylactic  
antibiotics given prior to PD catheter placement have value in preventing subsequent peritonitis. 
Avoidance of anchoring sutures at the PD exit site and allowing the PD catheter to remain  
covered, clean, dry, and undisturbed until well healed are additional key factors in preventing an 
infectious nidus from being seeded about the catheter exit site or tunnel. Consistent, steadfast 
training of the patient and staff regarding sterile technique, observation of meticulous  
handwashing, and daily exit site care is then required. Application of either mupirocin or  
gentamycin cream to the exit site prevents infections.

	33.	 What	is	the	appropriate	initial	empiric	antibiotic	therapy	for	PD	catheter	exit	site	infection?
Staphylococcus aureus, coagulase-negative staphylococcus, and other gram-positive organisms are 
the most frequent causes of exit site infection, followed in frequency by Pseudomonas aeruginosa and 
other gram-negative organisms. As with peritonitis, however, knowledge of both the epidemiology of 
exit site/tunnel infections and the local antibiotic sensitivities in each PD unit is imperative to guide 
therapy in that unit. After identification of an exit site or tunnel infection, empiric antibiotic therapy 
may be initiated, or therapy can be deferred until the results of the culture of the exit site drainage 
can guide the choice of agent. Empiric therapy should always cover S. aureus and consider 
P. aeruginosa, because these are common causes of infection and are associated with peritonitis. An 
oral Penicillinase-resistant penicillin (i.e., dicloxacillin 500 mg four times a day) or a first-generation 
cephalosporin (i.e., cephalexin 500 mg twice a day) provide good gram-positive coverage, and oral 
quinolones can provide gram-negative (including antipseudomonal) and some gram-positive coverage. 
Documented P. aeruginosa may require two antipseudomonal drugs, given its relative resistance to 
therapy. Antimicrobial agents should be continued for 2 weeks or until the exit site appears normal, 
whichever is longer. Ultrasound may be helpful in determining the presence, response, and duration of 
therapy in the case of a tunnel infection. Failure to adequately eradicate the infection should prompt 
replacement of the PD catheter. Dosing recommendations of other commonly used antibiotics and  
details useful in the treatment of exit site and tunnel infection can be found at www.ISPD.org.

	34.	 What	is	peritonitis?
Peritonitis is inflammation of the peritoneal membrane. Although this most often results from infection, 
peritonitis can also result from noninfectious cause. Entry of infectious organisms into the peritoneum 
can occur from
• Touch contamination by the patient because of improper technique
• Extension of infection from around the PD catheter
• Transluminal migration of bacteria across the bowel wall
• Hematogenous seeding in the case of bacteremia or sepsis from another source

Patients usually present with symptoms of abdominal pain and cloudy PD effluent.

	35.	 What	is	the	appropriate	diagnostic	workup	of	peritonitis	in	a	patient	undergoing	PD?
Upon presentation by any patient on PD with symptoms of either abdominal pain or cloudy effluent, a 
diagnosis of peritonitis should be entertained and ruled out. However, the clinician should also be 

http://www.ISPD.org
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mindful of other non-PD-related causes of these symptoms, such as a ruptured viscus, diverticulitis,
cholecystitis, ischemic bowel, or pancreatitis. Prompt diagnosis and treatment are imperative for best
outcomes in PD-related peritonitis and any of the other conditions.

A sample of PD effluent that has ideally been dwelling in the peritoneum for at least 1 to 2 hours
should be obtained by the patient or health care provider. The effluent fluid is sent to the laboratory
for cell count, gram stain, and microbial culture. The diagnosis of peritonitis requires at least two of
the following three features:
 1. Peritoneal fluid leukocytosis (.100/mm3 and at least 50% polymorphonuclear cells)
 2. Abdominal pain
 3. Positive culture of the dialysis effluent

	36.	 Why	should	a	gram	stain	and	microscopy	of	the	peritoneal	effluent	be	performed	with	suspected
peritonitis?
The primary reason for microscopy is to identify the presence of budding yeast or hyphae, indicative
of fungal peritonitis. These findings should prompt immediate removal of the PD catheter, an action
that may have a significant impact on patient survival.

	37.	 How	should	peritonitis	be	prevented	and	treated?
A team-based, multifaceted approach to continuous quality improvement with regular audit of
infection rates and outcomes is essential to improving peritonitis rates. Training and retraining of both
patients and nurse patient-educators is a cornerstone of this effort.

A number of peritonitis episodes are the result of direct extension of an infection associated
with the exit site, in particular when the infecting organism at the exit site is either S. aureus or
P. aeruginosa. All BDPs in reducing exit site infections will decrease peritonitis episodes. Another
measure to reduce peritonitis is “flush before fill” connectology, a technology that washes any
bacteria introduced at the tubing–catheter interface during an exchange into the drainage bag rather
than into the patient’s peritoneum. Avoidance of constipation reduces the risk of peritonitis by
attenuating transmigration of enteric bacteria across the bowel wall.

Observational studies have suggested benefits in draining the peritoneum dry and providing
appropriate prophylactic antibiotics prior to dental, gastrointestinal, and genitourinary procedures.
Adequate 25-hydroxyvitamin D levels have also been associated with lower peritonitis rates.

Once a presumptive diagnosis of peritonitis is made, prompt treatment with antibiotics capable
of covering both gram-negative and gram-positive organisms is implemented. Although antibiotics
can be given orally or intravenously, intraperitoneal (IP) administration has the benefit of providing
immediate delivery of bacteriocidal concentrations of antibiotics. PD fluid culture results should then
help narrow the spectrum and guide the duration of antimicrobial therapy. Attention to achieving a
consistent mean inhibitory concentration (MIC) of antibiotics in the PD fluid, particularly if the patient
is receiving APD or if intermittent antibiotic therapy is being used, is critical to successful treatment.
Continuous rather than intermittent antibiotic therapy should ensure that a therapeutic MIC is
achieved. While intermittent vancomycin dosing appears to be acceptable, it is prudent to obtain
serum levels to ensure adequate MIC levels, particularly in the presence of significant RKF. Serum
vancomycin levels should be kept .15 mmg/mL.

The signs and symptoms of peritonitis usually resolve within 48 hours after appropriate
antimicrobial therapy. Persistent pain, cloudy fluid, and elevation of peritoneal fluid white blood cell
(WBC) count should prompt reevaluation of the infectious cause and whether antibiotic therapy is
suitable. Peritonitis refractory to treatment, defined as failure of the effluent to clear within 5 days of
appropriate antibiotic therapy, should result in removal of the catheter. The ISPD has published
guidelines for the prevention, diagnosis, and treatment of peritonitis.

	38.	 What	is	the	appropriate	initial	empiric	antibiotic	therapy	for	suspected	PD-related	peritonitis?
Initial empiric therapy should reflect knowledge of both the epidemiology of peritonitis and the
antibiotic sensitivities in the local PD unit. In general, ISPD recommends initial coverage of both
gram-positive and gram-negative microorganisms. Use of a third-generation cephalosporin or an
aminoglycoside for gram-negative coverage and vancomycin or a first-generation cephalosporin for
gram-positive coverage would accomplish these goals. This should provide coverage against the
majority of organisms that cause peritonitis, including Pseudomonas and S. aureus. Initial and
subsequent doses of antibiotics for IP administration can be found at www.ISPD.org.

	39.	 Are	there	concerns	with	intermittent	IP	antibiotic	dosing	for	peritonitis?
The goal of treating peritonitis is to ensure that a consistent MIC of antibiotics is maintained in the
PD fluid. This prevents inadequate treatment, relapsing and repeat peritonitis, and development of

http://www.ISPD.org
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microbial resistance. The principle behind intermittent IP antibiotic therapy is that antibiotics allowed
to dwell in the peritoneal cavity for a period of at least 6 hours are absorbed into the bloodstream,
where their volume of distribution serves as an “antibiotic depot.” Antibiotics from this systemic depot
then move down their concentration gradient from the blood into the peritoneum during subsequent
PD exchanges, which are devoid of added antibiotics. Achieving an MIC in those exchanges depends
on the blood antibiotic concentration, the length of the exchange, and the rapidity of clearance of
the systemic antibiotic depot. The latter may be augmented with more frequent exchanges, fast
membrane transport status, and greater levels of RKF. Given these issues, there is a risk of suboptimal
dosing and treatment when intermittent antibiotic therapy is used, particularly in APD. As such,
antimicrobial therapy should be carefully thought out and individualized.

	40.	 How	do	you	approach	fungal	peritonitis?
Fungal peritonitis is a serious disease that can lead to death in up to 25% of patients affected.
Diagnosis either by microscopy or culture requires removal of the PD catheter, along with initiation of
dual therapy with intravenous amphotericin B (dose adjusted to weight) and oral flucytosine 1000 mg/
day. Given poor peritoneal penetration with intravenous use and chemical peritonitis with IP use,
amphotericin should be replaced with another antifungal agent after fungal susceptibilities are
determined. Most peritoneal fungal infections are a result of either Candida albicans or Candida
parapsilosis, but can result from an assortment of fungi.

Recent antibiotic treatment has been shown to be a predisposing factor associated with
subsequent development of fungal peritonitis. As such, antifungal prophylaxis is recommended for
PD patients treated with a course of antibiotics, as per ISPD guidelines.

While fungal peritonitis is associated with a high frequency of technique failure, a third of
patients were able to return to PD in a recent observational analysis.

	41.	 What	are	the	indications	for	removal	of	a	PD	catheter?
Removal of the PD catheter should be strongly considered in cases of the following:
• Refractory peritonitis, defined as failure of the peritoneal effluent to clear after 5 days of

appropriate antibiotics
• Relapsing peritonitis, defined as redevelopment of peritonitis with the same organism or after an

episode of sterile peritonitis occurring within 4 weeks of completion of therapy of the previous
episode

• Repeat peritonitis, defined as redevelopment of peritonitis with the same organism more than
4 weeks after completion of therapy for the previous episode; this may also be an indication for
removal given presumed similarities in cause to relapsing peritonitis.

• An exit site and/or tunnel infection failing to respond to recommended treatment with appropriate
antibiotics

• Fungal peritonitis
• Peritonitis associated with the growth of multiple enteric organisms, particularly anaerobic

organisms; the risk of intraabdominal pathology is raised in this setting

	42.	 What	is	difference	between	relapsing	and	repeat	peritonitis?
Relapsing peritonitis describes redevelopment of peritonitis with the same organism within 4 weeks
of completion of therapy for a previous episode; repeat peritonitis describes redevelopment of
peritonitis with the same organism, but occurring more than 4 weeks after completion of therapy for
the previous episode. Both suggest inadequate treatment (i.e., low MIC with the first episode of
peritonitis) or a continued nidus of infection (i.e., catheter biofilm, need for catheter removal).

	43.	 What	is	pericatheter	leakage?
Pericatheter leakage describes a complication of PD where administered dialysis fluid and ultrafiltrate
is not confined to the peritoneal cavity, but rather escapes or leaks around the entrance site or across
the abdominal wall tissue planes crossed by the PD catheter. Leakage around the PD catheter exit site
commonly presents as moisture or drainage of clear fluid. Alternatively, leakage can occur around
the rectus muscle sheath or Scarpa’s fascia, resulting in pericatheter edema. The technique of PD
catheter placement (median as opposed to paramedian location), factors related to initiation of PD
(excessive volume of PD fluid relative to timing of the PD catheter placement), or intrinsic abdominal
wall weakness (children, excessive physical straining, obesity, or long-term therapy with steroids) are
the causative factors associated with peri-catheter leak.

PD fluid can also leak into fluid spaces outside of the peritoneum related to intrinsic
peritoneal, abdominal wall, or diaphragmatic defects. A patent processes vaginalis; inguinal or
periumbilical hernias can result in edema in genital and other respective areas. Conversely,
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tendinous defects in the diaphragm can result in collection of fluid within the thoracic cavity.
Positive abdominal and negative intrathoracic pressure contributes to the collection of fluid in the
chest cavity in the setting of a diaphragmatic defect. Leak or extravasation of fluid outside the
peritoneum can present with decreased UF, increased weight, localized swelling, or shortness of
breath. The latter is particularly true in the case of transthoracic infiltration of fluid, which, if size-
able, can result in a unilateral decrease in breath sounds, dullness to percussion on the involved
side, and a pleural effusion on chest imaging. An increased glucose content of fluid leaking from
the area around the PD catheter or obtained by thoracentesis (in the case of a presumed diaphrag-
matic defect) relative to the blood glucose level provides a helpful diagnostic clue. Suspicion of
internal leakage of PD fluid into tissue planes can be confirmed with imaging studies. If magnetic
resonance imaging (MRI) is used, it should be done without gadolinium. The PD fluid itself can
serve as the “contrast” for MRI diagnosis of internal leaks.

PD should usually be interrupted, if possible, for 1 to 2 weeks when early external or subcuta-
neous leaks develop to allow more time for healing around the catheter. An alternative is to reduce
the dwell volume coupled with use of supine dialysis, leaving the abdomen dry when the patient is
sitting, upright, or ambulatory. Antibiotics should be strongly considered in the presence of an
external leak to reduce the risk of a tunnel infection or peritonitis. Recurrence of a leak after a
several week period of peritoneal rest or modified, supine PD should prompt strong consideration
of surgical intervention. Temporary transfer to HD to allow for primary healing or after correction of
an abdominal wall defect may be necessary depending on the presence and the amount of RKF in
addition to the clinical scenario. Late leaks, defined as those occurring more than 30 days after
catheter insertion, are more likely to require surgical correction of the defect to achieve resolution.
It is notable that successful continuation of PD using a regimen of supine-attenuated PD has been
described.

Discontinuation of PD is appropriate in the case of PD-related hydrothorax. Successful surgical
correction of the diaphragmatic defect after surgical repair or pleurodesis may allow the patient to
return to PD after a judicious interval to allow for complete healing.

	44.	 What	is	inflow/outflow	pain?
Occasionally, patients complain of pain upon infusion or drainage of PD fluid. Infusion pain can result
from infusion of an inappropriately cool or warm PD solution, peritoneal sensitivity to the lower than
physiologic pH of PD solution (i.e., 5.2 to 6.4), visceral sensitivity to a directed jet stream of PD fluid
from the PD catheter, or a malpositioning of the PD catheter against the viscera. Discomfort during
drainage (“drain pain”) of PD effluent usually relates to a siphoning effect on the viscera or peritoneum
and may therefore also relate to catheter positioning. The effect of constipation on expansion of
intestinal diameter and resultant crowding of the viscera around the catheter should not be minimized
as a cause of either fill or drain pain.

Timing and duration of the pain usually provide the diagnostic clues as to which of the
aforementioned issues are causative and therefore crucial to discerning appropriate treatment.
Transient pain related to inappropriate temperature can be adequately managed with proper patient
instruction. Pain related to the lower pH of the PD solution is also transient in nature, given the rapid
increase in the PD fluid pH to physiologic levels. The use of neutral pH PD solutions can address this
issue if available. Although addition of bicarbonate to the PD solution prior to peritoneal infusion can
also help reduce pain, introduction of any exogenous substance to the PD fluid theoretically may
increase infection risks. Alternatively, patients can leave a small residual volume of PD fluid in the
abdomen at the end of the drain phase of the exchange. This residual volume serves as a buffer to
the inflowing dialysate and reduces the tugging sensation associated with the last phase of the drain.
Use of “tidal” therapy with APD accomplishes the same effect. Tidal PD can also reduce nightly
alarms during cycler treatment related to sluggish PD catheter outflow. However, caution should be
taken to avoid too large of a residual volume so as to avoid a total IP volume that may cause clinical
problems. Effective treatment of constipation should always be undertaken as a simpler means to
relieve either fill or drain pain prior to considering leaving a residual volume after each exchange.

	45.	 What	is	poor	or	slow	inflow/outflow?
Poor or slow inflow or outflow of PD fluid is a problem that more frequently occurs during the initial
break-in period of a PD catheter, but can occur at any time in the course of treatment. The most
common cause is constipation, and the first step is to effectively clear the bowel of excessive stool.
If this is not effective at resolving the problem, then other causes need to be investigated.

Discernment as to whether the flow problem is bidirectional or unidirectional (only poor outflow)
helps determine the cause of the problem. Bidirectional flow problems usually indicate obstruction of
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the catheter lumen by clot, fibrin, or a kink or bend in the catheter. Conversely, unidirectional poor
outflow suggests either of the following:
• Malposition of the PD catheter in a place where the PD fluid cannot be drained (i.e., migration of

the catheter out of the true pelvis).
• Encumbrance of catheter drainage pores by tissue or viscera. Although the force of PD fluid inflow

can more easily push bowels engorged with stool, epiploic appendices, omental wraps, or adhe-
sions aside, the negative pressure of outflow results in collapse of these organs and tissues on the
draining catheter.

Plain-film roentgenographic imaging of the abdomen provides diagnostic assistance in determining
the presence of constipation or malposition or kinking of the PD catheter. Catheters can be repositioned by
trocar or laparoscopy. By exclusion, outflow occlusion not related to constipation is most likely related to
adhesions, omental wrapping, or epiploic appendices, and would require surgical or laparoscopic interven-
tion and correction. Injection of catheters with sterile contrast by radiology can facilitate diagnosis. Inability
to resolve these issues with the existing or new PD catheter would be an indication for transfer to HD.

The presence of fibrin or blood occluding a PD catheter at times can be signaled by the appear-
ance of these substances in the PD catheter or effluent. Heparin should be added in a concentration
of 500 to 2000 U/L to each dialysate exchange and continued for at least 24 to 48 hours after the
effluent is clear.

A catheter obstructed with blood or fibrin can be treated with push–pull infusion of dialysate or sterile
saline under moderate pressure with a 50-mL syringe. The procedure should be discontinued if the patient
has any pain or cramping. Alternatively there are several anecdotal reports of success utilizing different
regimens of tissue plasminogen activator (tPA) infused with sterile saline or sterile water into the PD
catheter. No controlled studies demonstrate the safety or efficacy of this methodology, however.

	46.	 Why	is	hypokalemia	common	in	patients	with	PD?
In contrast to patients treated with intermittent HD, patients on PD generally do not have problems
with hyperkalemia. This gives patients on PD therapy greater dietary choice and clinicians treating
these patients greater flexibility in prescribing of medications that influence potassium balance (i.e.,
angiotensin-converting enzyme inhibitors, angiotensin receptor antagonists, or aldosterone antago-
nists) compared with treatment with HD. Conversely, when dietary intake is suboptimal, hypokalemia
can develop. More than 25% of patients on PD have potassium levels ,4.0 mEq/L, which may impact
infectious and cardiovascular risk. Hypokalemia may be related to poor nutritional intake, transcellular
shifts induced by insulin release from absorption of peritoneal glucose, or the continuous nature of the
therapy (maintenance of a diffusion gradient between dialysate and plasma).

Hypokalemia should be treated with a more liberal diet for potassium or oral potassium supple-
ments. If necessary, IP potassium can be administered under sterile conditions at a concentration up
to 4 mEq/L of PD fluid. Careful monitoring of serum potassium levels is important in these situations.

	47.	 Why	is	hypoalbuminemia	common	in	patients	with	PD,	what	are	the	causes,	and	how	should	it	be
addressed?
Hypoalbuminemia is a frequent finding in patients treated with either peritoneal and HD and is associated
with increased overall morbidity and mortality. Serum albumin levels in patients with PD are a function of
synthesis, catabolism, volume of distribution, and loss, usually in urine or the peritoneal effluent. Albumin
is also a negative acute phase reactant, so inflammation will decrease levels. As such, all these factors
should be considered in evaluation and targeted for correction in patients with hypoalbuminemia.

PD patients typically lose about 6 to 8 g/day of albumin in the effluent, more during peritonitis
episodes. This process probably contributes to generally lower serum albumin levels in PD compared
to HD patients. However, for every specific level of serum albumin, the risk of all-cause and cardio-
vascular mortality is lower in PD patients than in patients treated with HD. This suggests that the
decrease in serum albumin level related to peritoneal protein losses does not result in a higher risk of
adverse events. It is also important to note that treatment with HD increases loss of amino acids
compared to that seen with PD.

As changes in serum albumin over time impact mortality, therapeutic interventions to improve
nutritional status should be undertaken. When nutritional intake is deemed inadequate, attempts
should be made to increase intake of protein. Depression and medications should always be
considered in the differential of poor dietary intake and should be addressed.

An expanded intravascular volume due to failure to achieve dry weight can cause decreased albumin
levels. Therefore, in evaluating hypoalbuminemia, the clinician should look for and treat volume overload.

As albumin is a negative acute-phase reactant, patients should be evaluated for any source of
inflammation and treatment should be initiated for this as appropriate.
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 1. Patients on peritoneal dialysis (PD) are significantly less likely to have dialysis-associated  
bacteremia or sepsis, a complication almost completely associated with hemodialysis. Conversely, 
the most serious infection and one almost exclusively occurring in patients on PD is peritonitis. 
Technical advances in “connectology” and infection control strategies have dramatically reduced 
the peritonitis infection rates.

 2. The primary reason for performing gram stain and microscopy when a patient presents with signs 
and symptoms of peritonitis is to identify the presence of budding yeast or hyphae, indicative of 
fungal peritonitis. These findings should prompt immediate removal of the PD catheter.

 3. When treating peritonitis, it is critical to ensure that mean inhibitory concentrations of antibiotics 
are achieved in the PD fluid throughout the 24-hour period to attain successful bacterial killing. 
This may best be achieved with continuous, rather than intermittent, antibiotic therapy, despite  
logistic challenges for patients receiving automated peritoneal dialysis.

KEY POINTS

BiBliography

Akonur, A., Sloand, J., Davis, I., & Leypoldt, J. (2016). Icodextrin simplifies PD therapy by equalizing UF and sodium  
removal among patient transport types during long dwells: A modeling study. Peritoneal Dialysis International, 36, 
79–84.

Brown, E. A., Davies, S. J., Rutherford, P., Meeus, F., Borras, M., Riegel, W., . . . EAPOS Group. (2003). Survival of  
functionally anuric patients on automated peritoneal dialysis: The European APD Outcome Study. Journal of the 
American Society of Nephrology, 14, 2948–2957.

Cho, Y., Johnson, D. W., Craig, J. C., Strippoli, G. F., Badve, S. V., & Wiggins, K. J. (2014). Biocompatible dialysis fluids for 
peritoneal dialysis. Cochrane Database of Systematic Reviews, (3), CD007554. doi:10.1002/14651858.CD007554.
pub2.

Finkelstein, F., Healy, H., Abu-Alfa, A., Ahmad, S., Brown, F., Gehr, T., . . . Mujais, S. (2005). Superiority of icodextrin  
compared with 4.25% dextrose for peritoneal ultrafiltration. Journal of the American Society of Nephrology, 16, 
546–554.

Johnson, D. W., Hawley, C. M., McDonald, S. P., Brown, F. G., Rosman, J. B., Wiggins, K. J., . . . Badve, S. V. (2010).  
Superior survival of high transporters treated with automated versus continuous ambulatory peritoneal dialysis.  
Nephrology, Dialysis, Transplantation, 25, 1973–1979.

Keshaviah, P. R., Nolph, K. D., & Van Stone, J. C. (1989). The peak concentration hypothesis: A urea kinetic approach  
to comparing the adequacy of continuous ambulatory peritoneal dialysis (CAPD) and hemodialysis. Peritoneal Dialysis 
International, 9, 257–260.

Kolesnyk, I., Dekker, F. W., Boeschoten, E. W., & Krediet, R. T. (2010). Time-dependent reasons for peritoneal dialysis  
technique failure and mortality. Peritoneal Dialysis International, 30, 170–177.

Kumar, V. A., Sidell, M. A., Jones, J. P., & Vonesh, E. F. (2014). Survival of propensity matched incident peritoneal and  
hemodialysis patients in a United States health care system. Kidney International, 86, 1016–1022.

Li, P. K., Szeto, C. C., Piraino, B., de Arteaga, J., Fan, S., Figueiredo, A. E., . . . Johnson, D. W. (2016). ISPD Peritonitis  
Recommendations: 2016 Update on Prevention and Treatment. Peritoneal Dialysis International, 36(5), 481–508.

Mehrotra, R., Duong, U., Jiwakanon, S., Kovesdy, C. P., Moran, J., Kopple, J. D., & Kalantar-Zadeh, K. (2011). Serum  
albumin as a predictor of mortality in peritoneal dialysis: Comparisons with hemodialysis. American Journal of Kidney 
Diseases, 58, 418–428.

Mendelssohn, D. C., Mujais, S. K., Soroka, S. D., Brouillette, J., Takano, T., Barre, P. E., . . . Finkelstein, F. O. (2009).  
A prospective evaluation of renal replacement therapy modality eligibility. Nephrology, Dialysis, Transplantation, 24, 
555–561.

Neu, A. M., Richardson, T., Lawlor, J., Stuart, J., Newland, J., McAfee, N., Warady, B. A., & SCOPE Collaborative Partici-
pants. (2016). Implementation of standardized follow-up care significantly reduces peritonitis in children on chronic 
peritoneal dialysis. Kidney International, 89, 1346–1354.

Paniagua, R., Amato, D., Vonesh, E., Correa-Rotter, R., Ramos, A., Moran, J., Mujais, S.; & Mexican Nephrology  
Collaborative Study Group. (2002). Effects of increasing peritoneal clearances on mortality rates in peritoneal dialysis: 
ADEMEX, a prospective, randomized, controlled trial. Journal of the American Society of Nephrology, 13, 1307–1320.

Perl, J., & Bargman, J. M. (2009). The importance of residual kidney function for patients on dialysis: A critical review. 
American Journal of Kidney Diseases, 53, 1068–1081.

Piraino, B., Bernardini, J., Brown, E., Figueiredo, A., Johnson, D. W., Lye, W. C., & Szeto, C. C. (2011). ISPD position  
statement on reducing the risks of peritoneal dialysis-related infections. Peritoneal Dialysis International, 31(6), 
614–630.

Torlén, K., Kalantar-Zadeh, K., Molnar, M. Z., Vashistha, T., & Mehrotra, R. (2012). Serum potassium and cause-specific 
mortality in a large peritoneal dialysis cohort. Clinical Journal of the American Society of Nephrology, 7, 1272–1284.

Twardowski, Z. J., Nolph, K. O., Khanna, R., Prowant, B. F., Ryan, L. P., Moore, H. L., & Nielsen, M. P. (1987). Peritoneal 
equilibration test. Peritoneal Dialysis Bulletin, 7, 138–147.

arxiv:/doi:10.1002/14651858.CD007554.pub2


387

	 1.	 What	is	the	definition	of	plasmapheresis,	and	when	is	it	indicated?
The term “apheresis” is Greek for “taking away” and refers to a procedure where the therapeutic  
removal of macromolecules from the plasma is done for therapeutic reasons. It is indicated for  
conditions where substances that are not removable with conventional dialysis must be removed from 
the blood.

	 2.	 Describe	the	techniques	for	plasma	separation	during	the	plasmapheresis	procedure.
The two major modalities to separate the plasma from the blood during a plasmapheresis procedure 
are by centrifugation and membrane filtration. The centrifugation method uses centrifugal force to 
separate whole blood into plasma and cellular fractions according to their density. The membrane  
filtration technique is based on a synthetic membrane filter composed of different pore sizes. This  
filter is similar to a hemodialysis filter and is composed of many hollow fiber tubes with relatively 
large pore sizes (0.2 to 0.6 mm in diameter) and arranged in parallel.

	 3.	 What	are	the	different	modalities	of	the	plasmapheresis	procedure?
Plasma exchange involves the withdrawal of blood from the circulation and its separation into cellular 
and plasma fractions by centrifugal separation or perfusion of a synthetic filter. In both methods, the 
cellular components are returned to the patient and the plasma is removed.

Double filtration plasmapheresis uses two filters with different pore sizes to separate toxic  
substances from plasma; the second filtration step is to separate useful substances that are returned 
to the circulation from higher-molecular-weight pathogenic substances that are removed.

Plasma adsorption procedure involves plasma exchange followed by delivery to an adsorption 
column to which pathogenic substances bind and are then removed from circulation.

	 4.	 Define	the	possible	mechanisms	of	action	for	plasmapheresis	leading	to	clinical	improvement.
There are two general mechanisms that may lead to improvement: (1) removal of pathologic  
substances or (2) replacement of a missing or abnormal plasma component (such as A Disintegrin And 
Metalloproteinase with a ThromboSpondin type 1 motif (ADAMTS-13) in thrombotic thrombocytopenic 
purpura [TTP]). The pathologic factors that can be removed by plasmapheresis are:
• Auto-antibodies
• Immune complexes
• Cryoglobulins
• Complement products
• Lipoproteins
• Protein-bound toxins

The success of plasmapheresis depends on the rate of production of the abnormal protein or  
antibody and the efficiency of removal with plasmapheresis. Plasmapheresis is most often utilized 
with other immunosuppressive strategies to decrease production and reduce inflammation. Other  
additional benefits may include reversal of impaired splenic function to remove immune complexes 
and improvement of macrophage and monocyte function.

	 5.	 What	type	of	venous	access	can	be	used	for	plasmapheresis?
The clinical scenario, especially the possibility for long-term venous access, and the type of plasma-
pheresis being used are important factors to consider when deciding on peripheral or central venous 
access. A peripheral vein allows a maximum flow of up to about 50 to 90 mL/min, so a single venous 
access is adequate for intermittent centrifugation. Continuous centrifugation techniques require two 
venous access sites or a central venous catheter. If long-term (.1 to 2 weeks) plasmapheresis is 
planned, a central venous catheter is required.
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	 6.	 Which	anticoagulants	can	be	used	during	the	plasmapheresis	procedure?
The most common anticoagulants used are sodium citrate, unfractionated heparin, and hirudin;  
nafamostat mesylate, a synthetic serine protease inhibitor, has been commonly used in Japan as an 
anticoagulant in hemodialysis and plasmapheresis procedures.

There are some reports of plasmapheresis without anticoagulation as a safe and effective  
procedure in patients at high risk of bleeding.

	 7.	 How	much	plasma	should	I	remove,	and	how	is	the	volume	calculated?
Each plasmapheresis session should remove 1 to 1.5 times the plasma volume, and this can be  
calculated from the following formula:

Estimated plasma volume (in liters) 5 0.07 weight (in kg) (1 – hematocrit [Hct])

	 8.	 What	replacement	fluid	should	be	used	during	the	plasmapheresis	procedure?
The choice of replacement fluids includes 5% albumin, fresh-frozen plasma (FFP), and crystalloid 
(e.g., 0.9% saline, Ringer’s lactate) solutions. Albumin is generally combined 1:1 with 0.9% saline, 
and does not contain calcium, potassium, coagulation factors, or immunoglobulins. FFP contains  
complement and coagulation factors and is the replacement fluid of choice in patients with TTP,  
because the infusion of normal plasma may contribute to the replacement of the deficient plasma  
factor, ADAMTS-13. Plasma may also be preferable in patients at risk of bleeding, or those requiring 
intensive therapy, because frequent replacements with albumin solution will eventually result in  
postplasmapheresis coagulopathy and a net loss of immunoglobulins.

	 9.	 What	are	the	main	complications	of	plasmapheresis,	and	how	often	do	they	occur?
Plasmapheresis is a relatively (but not entirely) safe procedure. Some registries reported a 4.2%  
incidence of adverse events, and just 1% of all apheresis procedures had to be interrupted due to an 
adverse event.

The most common adverse effects reported are paresthesias (0.52%), hypotension (0.5%),  
urticaria (0.34%), shivering, nausea, and electrolyte disturbances such as hypocalcemia, hypo- or  
hypernatremia, metabolic alkalosis, hypokalemia, and rarely hypophosphatemia.

Death is rare, occurring in less than 0.1% of all the procedures.

	10.	 Why	does	citrate	cause	paresthesias?
Paresthesias are often related to hypocalcemia caused by the citrate infusion as anticoagulant for  
the extracorporeal system or in the FFP administered as a replacement fluid. Citrate binds to free  
calcium to form soluble calcium citrate, thereby lowering the free but not the total serum calcium 
concentration.

	11.	 What	are	the	main	clinical	indications	of	plasmapheresis	for	kidney	diseases?
Table 54.1 summarizes the most important clinical indications for kidney diseases by category.

FSGS, Focal and segmentary glomerulosclerosis; TTP, thrombotic thrombocytopenia purpura.
Category I, Standard Primary Therapy; Category II, Supportive Therapy; Category III, When 

the evidence of benefit is unclear; Category IV, When there is no current evidence of ben-
efit or for research protocols.

Table 54.1. Clinical Indications for Kidney Diseases by Category

DISEASE CATEGORY

Anti-GBM disease I

TTP I

Rapidly progressive glomerulonephritis II

Cryoglobulinemia II

Desensitization for kidney transplantation II

Hemolytic uremic syndrome III

Recurrent FSGS III

Systemic lupus erythematosus III

Kidney transplant rejection IV



THERAPEUTIC PLASMA EXCHANGE (PLASMAPHERESIS) 389

	12.	 What	is	the	role	of	plasmapheresis	in	anti-glomerular	basement	membrane	(GBM)	disease?
In anti-GBM disease, the role of plasmapheresis is the rapid removal of the pathogenic antibodies.
Plasmapheresis in combination with cyclophosphamide (blocks additional antibody production) and
corticosteroids (reduces inflammation) may prevent kidney failure. All patients with anti-GBM antibody
disease and severe kidney failure who do not require immediate dialysis should be treated with
aggressive immunosuppression and intensive plasmapheresis. Plasmapheresis should be initiated in
patients with pulmonary hemorrhage regardless of the severity of the kidney failure. However, patients
presenting with dialysis dependence only had 8% kidney survival, and if the kidney biopsy showed
crescentic lesions in all glomeruli, kidney survival was 0%. Plasmapheresis is usually done for
14 days or until the anti-GBM antibody is no longer detectable.

	13.	 What	is	the	evidence	for	the	use	of	plasmapheresis	in	antineutrophil	cytoplasmic	autoantibody
(ANCA)–associated	vasculitis?
There is a beneficial role for plasmapheresis in patients with severe kidney involvement (creatinine
.500 mmol/L or 5.7 mg/dL) and ANCA-associated vasculitis. In contrast to anti-GBM disease, the
addition of plasmapheresis to treatments including cyclophosphamide, azathioprine, and steroids was
associated with better kidney survival. In patients with both ANCA and anti-GBM associated disease,
as well as in any patient with diffuse pulmonary alveolar hemorrhage, plasmapheresis is beneficial for
recovery and reducing the risk of progression to dialysis. The use of plasmapheresis for less severe
kidney disease remains unresolved, but the PEXIVAS (Plasma Exchange and Glucocorticoid Dosing in
the Treatment of ANCA Vasculitis) study is currently under way, with the aim to detect the efficacy of
plasma exchange (PE) in this population.

	14.	 Is	there	any	evidence	for	a	role	of	plasmapheresis	in	lupus	nephritis?
The current literature does not support a benefit for the addition of plasmapheresis to immunosup-
pressive therapy for lupus nephritis. However, there are refractory individual patients for whom there
is anecdotal evidence that it may provide some benefit.

One retrospective study suggested that plasmapheresis might be effective in improving the
recovery and kidney outcomes in patients with lupus nephritis plus thrombotic microangiopathy.

	15.	 Is	plasmapheresis	indicated	as	treatment	in	patients	with	multiple	myeloma	and	cast	nephropathy?
The role of plasmapheresis in myeloma cast nephropathy is debated. Although early studies demon-
strated improvement in kidney function and patient survival, the largest study to date of 104 patients
with multiple myeloma and acute kidney failure randomly assigned to conventional therapy plus
plasma exchanges or conventional therapy alone did not show differences in the composite outcome
of death, dialysis dependence, or severely reduced kidney function. The findings of this study do not
support the routine use of plasmapheresis in myeloma patients, but it can be considered in patients
with unusually high paraprotein burdens or Waldenstrom macroglobulinemia and hyperviscosity
syndromes.

	16.	 What	is	the	efficacy	of	plasma	exchange	in	the	treatment	of	TTP?
Plasmapheresis may replenish the levels of ADAMTS-13 protease that is deficient in some cases of
TTP. Duration of daily therapeutic plasma exchange (TPE) to achieve a durable remission (e.g., platelet
count .150,000 for 3 days and lactate dehydrogenase (LDH) near normal and no neurologic deficit, if
initially present) is variable. There is no evidence for a beneficial role of plasmapheresis in patients
with TTP secondary to cancer, chemotherapy, or bone marrow transplantation.

	17.	 Can	plasmapheresis	be	used	to	remove	toxic	substances?
Plasmapheresis can be considered for the removal of protein-bound toxins that are not readily
removed with dialysis or hemoperfusion. Plasmapheresis is effective in removing highly protein-bound
toxins from the blood but not from other fluid compartments. Reports of the successful use of
plasmapheresis in the treatment of various drug overdoses and poisonings are generally anecdotal.
Amanita poisoning (mushrooms) is the most frequent clinical diagnosis where plasmapheresis has
been utilized with success, perhaps showing decreased mortality, especially in children.

	18.	 Is	there	any	indication	for	plasmapheresis	in	the	treatment	of	dyslipidemia?
Low density lipoprotein (LDL) apheresis should be the treatment of choice for patients that are
homozygotic for familial hypercholesterolemia (FH). Therapy is initiated from age 7 unless their serum
cholesterol can be reduced by more than 50% (or decreased to ,9 mmol/L, 350 mg/dL) by drug
therapy. It is also indicated in individual patients with either heterozygous FH or a family history of
premature cardiac death, progressive coronary disease, and where LDL cholesterol remains higher
than 5.0 mmol/L (193 mg/dL) or is decreased by less than 40% with maximal drug therapy.
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	19.	 Is	there	a	role	for	plasmapheresis	in	recurrent	focal	and	segmentary	glomerulosclerosis	(FSGS)?
Yes, the mechanisms of recurrent FSGS and early detection of proteinuria after kidney transplantation 
are unclear, but the early reappearance of proteinuria suggests that a nondialyzable circulating factor 
that alters glomerular permeability may be present. Removal of a circulating factor by immunoadsorp-
tion or plasma exchange may account for the remission of the disease in some patients.

	20.	 Describe	the	role	of	plasmapheresis	in	kidney	transplantation.
In addition to reducing the risk of recurrent FSGS in some patients, plasmapheresis is now utilized for 
ABO blood group incompatible transplants, positive T cell cross-match, and acute humoral rejection.

	21.	 What	are	some	indications	for	plasmapheresis	in	nonkidney	diseases	that	are	supported	by		
clinical	trials	(category	I)?
• Guillain-Barré syndrome
• Myasthenia gravis
• Chronic inflammatory demyelinating polyneuropathy
• Hyperviscosity in monoclonal gammopathies (Waldeström macroglobulinemia)
• Cutaneous T cell lymphoma (photopheresis)

	22.	 Is	there	any	indication	for	plasmapheresis	in	pregnancy?
Plasmapheresis can be safely performed during pregnancy, and introduction of plasmapheresis  
for specific indications has improved maternal and fetal survival rates. Plasmapheresis has been 
safely carried out in myasthenic crisis, Guillain-Barré syndrome, anti-GBM disease, acute fatty liver  
of pregnancy, and TTP. There is no indication in cardiac neonatal lupus, despite its theoretical  
benefits.

Some complications of plasmapheresis are premature delivery due to the removal of essential 
hormones maintaining pregnancy, hypovolemic reaction, allergy, transitory cardiac arrhythmias, and 
nausea. During the exchanges, blood pressure must be carefully monitored to avoid hypotension,  
and after the second trimester, it is preferable to place the patient on her left side to avoid compres-
sion of the inferior vena cava by the gravid uterus.

 1. Plasmapheresis can be effective in removing large toxins and pathogenic antibodies when  
combined with immunosuppression.

 2. Plasmapheresis is the treatment of choice in patients with TTP, anti-GBM disease (without  
advanced kidney failure), and hemoptysis from ANCA or anti-GBM disease.

 3. Plasmapheresis may be beneficial in ANCA disease with advanced kidney failure.
 4. There is no current indication for plasmapheresis in patients with lupus nephritis.
 5. Indications for plasmapheresis in kidney transplant are ABO-incompatible kidney transplantation,  

recurrent FSGS, and acute humoral rejection.
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	 1.	 What	is	United	Network	of	Organ	Sharing	(UNOS)?
UNOS is the nonprofit, scientific and educational organization that administrates over the United
States national organ registry known as the Organ Procurement and Transplantation Network (OPTN).
UNOS originated as an initiative of The South-Eastern Organ Procurement Foundation (SEOPF) in
1977. SEOPF was the first organization to develop a computerized system that used medical informa-
tion to match potential organ donors and recipients. SEOPF started the Kidney Center in 1982, which
evolved into UNOS. The National Organ Transplant Act was passed in 1984 by the US Congress and
established the OPTN. UNOS was appointed administrator for OPTN and continues in this role today.
UNOS is involved in multiple aspects of organ transplantation and donation, including managing the
wait list, matching donors and recipients, maintaining the US national organ transplant database, policy
development, ensuring adherence to organ allocation policies, and providing organ transplantation
education for the general public and medical professionals. The Scientific Registry of Transplant
Recipients (SRTR) does an annual data collection for kidney transplants across the United States,
which is available online at www.ustransplant.org.

	 2.	 What	is	involved	in	kidney	allocation?
The process of allocating a kidney to a recipient is an intricate process. The procuring organization
accesses the national transplant computer database, UNetsm, through the Internet or contacts UNOS
directly. In either situation, information about the kidney donor is entered into UNetsm and a donor/
recipient match is determined for each donated kidney.

All transplant candidates incompatible with the donor for medical factors such as blood type
are eliminated from the match list. The match list of potential recipients is then ranked according to
objective medical criteria (body habitus, blood type, tissue type, size of the organ, medical urgency of
the recipient, time accrued on the waiting list, and distance between donor and recipient). Survival
benefit was added as an additional factor in 2015 (see Question 3).

Using the match of potential recipients, the local organ procurement coordinator or an organ
placement specialist contacts the transplant center of the highest-ranked patient and offers the organ
to that center. If the kidney is rejected, the next potential recipient’s transplant center is contacted.
Calls are made to multiple recipients’ transplant centers in succession to expedite the organ place-
ment process until the kidney is placed. Once the kidney is accepted for a patient, transportation
arrangements are made and the transplant surgery team is notified.

	 3.	 What	important	factors	are	weighed	in	the	new	kidney	allocation	score?
There were significant changes made to the allocation system in December of 2014.
• Estimated Post Transplant Survival Score (EPTS): This is an estimate of patient longevity. The

score is 0% to 100%, with higher scores associated with poorer survival. It is calculated using
the patient’s age, dialysis time, diagnosis of diabetes, and history of prior transplant. It is not used
in pediatric patients. The EPTS score is divided into large two groups, 0% to 20% and those over
20%. Previous organ transplant or long dialysis vintage increase EPTS scores. An individual with
an EPTS score of 0% to 20% will be prioritized over candidates with higher scores, but only for
the highest-longevity kidneys, which are those kidneys with a Kidney Donor Profile Index (KDPI)
of less than or equal to 20%. Patients with an EPTS of 0% to 20% will receive priority for zero
mismatches, local offers, as well as regional and national offers. The EPTS score is recalculated
regularly.

• KDPI: The KDPI quantifies the health of a donated kidney. It is calculated based on:
• Age
• Height
• Weight
• Ethnicity
• History of hypertension or diabetes
• Cause of death

http://www.ustransplant.org
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• Terminal creatinine
• Hepatitis C status
• Whether the donated organ was after circulatory death

• KDPI replaced the terms Standard Criteria Donor (SCD) kidney and Expanded Criteria Donor (ECD) 
kidney to better estimate kidney longevity. Therefore a kidney with a KDPI ,20% based on the 
calculated factors should survive longer than 80% of the previous years’ harvested kidneys. On  
average, a kidney with a KDPI of ,20% for the last 11.5 years, a kidney with a KDPI of 20% to 
85% over the last 9 years, and a kidney with a KDPI .85% is expected to function for over 
5.5 years. A patient who previously would only accept an SCD kidney would default to accepting a 
kidney with a KDPI of ,85%. If the patient is consented to an ECD kidney, the KDPI of the kidney 
can be over 85%. Only individuals with an EPTS score ,20% have access to a kidney with a 
KDPI ,20%. This is for longevity matching so patients with longer expected survival time receive 
kidneys with the longest expected survival time.

• Time on the Wait List: Patient with longer wait time has priority. Another change to the allocation 
system made in 2014 was to credit time on dialysis prior to listing. So a patient who has been on 
dialysis for 2 years prior to getting on the transplant list will start with 2 years of wait time.

• Age: In the new allocation policy, pediatric patients will receive priority over adult patients for 
donors with a KDPI score ,35%, regardless of donor age. This is a change from the previous 
policy where the organ priority for pediatric patients was based on age of the donor (,35 years 
of age) as opposed to the KDPI score. Age is a factor in calculating KDPI and EPTS.

• Medical urgency: Only considered in local kidney allocation
• Human leukocyte antigen mismatch: Priority to zero antigen mismatch
• Degree of panel reactivity antibody (PRA): In the old system, patients with a calculated PRA 

(cPRA) .80% received 4 points and those below this cutoff received 0 points. The more of these 
points a patient accumulates, the more priority they receive for transplant. This puts the patient 
who has some degree of sensitization at a disadvantage. In other words, though it is more difficult 
to find an organ for a patient with a cPRA of 70% versus one with a cPRA of 20%, in the old sys-
tem they were treated the same. In the new allocation system, to help rectify this, the points are 
assigned when the cPRA is $20% according to a sliding scale. The greater the cPRA, the more 
points awarded, so those with the highest cPRA .98% receive the most points. However, patients 
with a smaller degree of sensitization do also receive some benefit as compared to before.

• Blood type: Patients with blood type B have longer wait times generally than the other blood 
types. Blood type B is more common in blacks. In the old allocation system, a patient with blood 
type B could only receive a kidney from a donor that was blood type O or B. In the new allocation 
system, they can receive an organ from a donor with blood types O, B, A2, or A2B. The patient 
must have a low anti-A IgG titer prior to transplant if they are to be a candidate for an A2 or A2B 
kidney (also see Question 8, Chapter 56).

	 4.	 What	are	the	most	recent	trends	in	kidney	transplant	survival?
• The 2015 OPTN/SRTR report showed that though living donor transplants had better survival  

than deceased donor transplants, both have continued improvement in their 1, 3, 5, and 10 years 
death-censored graft survival regardless of donation type.

• The three groups among deceased donor kidney transplants with the lowest 5-year graft survival 
were those with primary kidney failure from diabetes (70.4%) or hypertension (71.8%), and in pa-
tients who received an organ with a KDPI .85% (57.6%, KDPI .85%; 73.3%, KDPI 35% to 85%).

• There was no significant difference in the 5-year graft survival between kidneys donated after 
brain death or cardiac death.

• Living donor transplant recipients .65 years of age at the time of transplant had the lowest 5-year 
graft survival compared to other age groups.

	 5.	 What	donor	type	confers	the	best	outcomes	in	regard	to	kidney	recipient	survival?
Living donor kidney transplants have the best recipient survival. Among deceased donor kidneys, 
those with a lower KDPI have better outcomes.

	 6.	 What	donor	type	confers	the	best	outcomes	in	regard	to	kidney	graft	survival?
Living donor kidney transplants have the best allograft survival, followed by deceased donor kidney trans-
plants. Among deceased donor kidney transplants, those organs from a donor with a lower KDPI have 
greater longevity. To reiterate, it is estimated that a kidney with a KDPI of ,20% will last 11.5 years, a 
kidney with a KDPI of 20% to 85% will last 9 years, and a kidney with a KDPI .85% will last 5.5 years.
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	 7.	 What	is	the	most	recent	number	of	transplants	separated	by	type	of	transplant?
In total, 17,611 kidney transplants were done in 2015; this includes adult, pediatric, and combined  
organ transplantation. Of those, 12,280 transplants were from a deceased donor and 5331 transplants 
were from a living donor.

	 8.	 What	are	the	recent	trends	affecting	the	wait	list?
For the first time in 10 years, the overall wait list decreased from 99,120 at the beginning of 2015 to 
97,680 at the end of the year. This is due to:

 1. Less inactive patients on the list
 2. Increased transplant rate with the new allocation system
 3. Removal of those medically ineligible
 4. A decrease in number of new listings

There is no advantage in the new system for listing inactive patients. The number of active  
patients increased from 47,000 patients in 2005 to 61,000 patients in 2015. In 2015, 31,672 patients 
were removed from the kidney wait list. Out of those removed from the wait list, 17,611 patients  
underwent kidney transplantation and about 5000 patients died. In the last 5 years, there has been 
almost a 3-fold increase in the number of patients removed from the wait list for medical reasons, 
from 1533 patients in 2010 to 4154 patients in 2015.

	 9.	 Has	the	age	of	patients	on	the	waiting	list	changed	over	the	last	few	years?
Yes. Patients older than 65 years of age grew from 14.5% of the list in 2005 to 22% in 2015. If this 
pace continues, patients over 65 years of age will outnumber patients 25 to 49 years of age in about 
2020. Patients over 65 now are less willing to accept a kidney with a KDPI score .85%. However, the 
number of patients being transplanted in this age group has decreased from previous years. This was 
a concern of the new allocation system; it is also likely secondary to a decreased willingness to  
accept a kidney with a higher KDPI score.

	10.	 What	is	the	distribution	of	race	among	individuals	in	transplantation?
The majority of patients that are transplanted from the wait list are Caucasian. This number has been 
relatively stable since 2008 at 8500 to 8800 transplants per year. The number of blacks being trans-
planted has grown in the same time period from about 4000 transplants in 2008 to 5136 transplants 
in 2016. The other group that has seen a significant growth is Hispanic patients—in 2008 there were 
2449 transplants versus 3496 patients in 2016. The majority of living donors are Caucasian. The  
number of black donors has declined by 4% over the last 10 years.

	11.	 What	is	the	most	common	cause	of	kidney	disease	in	patients	on	the	wait	list?
Diabetes and hypertension are the most common causes of chronic kidney disease in the general 
population, so it is not surprising that the both are the main causes of kidney disease of those on the 
wait list. Glomerular disease as the cause of kidney disease in patients on the wait list has declined 
over the last decade.

	12.	 What	is	the	definition	of	an	inactive	patient	on	the	wait	list?
An inactive patient is defined as a transplant candidate who is considered temporarily unsuitable 
for kidney transplantation. These patients usually have a medical condition that temporarily makes 
them unable to receive a kidney transplant. Patients still accrue waiting time. Once the condition 
is resolved, the patient is reinstated to the active wait list and is eligible for kidney transplant  
allocation.

The most common reason for being inactive at time of listing is incomplete medical workup. The 
changes to the allocation system in 2014 allow for dialysis patients to complete their workup and  
still receive credit for their time on dialysis (see Question 2, Time on Wait List). This does not help the 
predialysis patient, so their workup should be completed as quickly as possible.

	13.	 Does	a	candidate’s	blood	type	affect	their	time	on	the	waiting	list?
Yes.
• AB: wait time 2 years
• A: wait time 3 years
• O: wait time 5 years
• B: wait time 6 years

	14.	 What	is	the	median	time	to	transplantation	for	individuals	on	the	waitlist?
As of 2015, the median wait time for a kidney transplant was 3.6 years.
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	15.	 Is	the	access	to	kidney	transplantation	equitable	among	all	persons?
Equal access to kidney transplantation for all who could benefit is a major problem. Disparities exist  
in patient education, geography, race, and level of pretransplantation nephrology care. UNOS is  
attempting to make the process of organ accessibility and allocation equitable among all different  
patient populations.

	16.	 What	are	the	two	major	causes	of	long-term	kidney	allograft	failure?
The major causes of long-term kidney allograft failure are chronic rejection and death with a  
functioning kidney.

	17.	 What	are	the	most	common	causes	of	death	after	kidney	transplantation?
The most common cause of death in kidney transplantation is cardiovascular disease, followed by  
infectious disease and malignancy. 

 1. The UNOS administrates the national transplant registry, the OPTN. They are responsible for equita-
bility in accessibility and adherence to national guidelines for transplantation. Improvements in  
allograft survival over the past decade have been attributed to a reduction in acute/chronic rejec-
tion episodes, shortened cold-ischemia times, and lower plasma reactive antibody levels among  
recipients.

 2. Kidney Donor Exchange is a growing venue to add the availability of organs to potential transplant 
candidates.
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	 1.	 What	are	the	various	categories	of	living-donor	transplants?
•	 Related donors:	Donor	and	recipient	are	biologically	related.
•	 Unrelated donors:	Donor	is	not	biologically	related,	but	an	emotional	relationship	exists	between

the	donor	and	recipient	(e.g.,	coworker,	classmate,	friend).
•	 Directed anonymous donors:	Donor	has	no	relationship	to	the	recipient;	the	donor	learned	of	the

recipient’s	situation	and	decided	to	donate	altruistically.
•	 Undirected anonymous donors: Donor	decides	to	donate	his	or	her	kidney	to	the	waiting	list.
•	 Paired exchange donors:	A	pair	of	donor–recipient	candidates	(from	the	related	or	unrelated

categories)	enters	into	a	scheme	in	which	the	donor	is	exchanged	with	another	donor–recipient
candidate	pair	so	as	to	achieve	donor–recipient	biologic	compatibility	of	the	ABO	blood	group
system	and/or	negative	cross-match	reactivity.

•	 Multiple paired exchange donors:	A	paired	exchange	donation	that	involves	more	than	two
donor–recipient	candidate	pairs.

	 2.	 What	is	the	present	system	that	classifies	donors	into	different	categories?
The	Kidney	Donor	Profile	Index	is	now	used	to	divide	up	the	donor	pool.	This	replaced	the	old	terms
Standard	and	Extended	Criteria	Donor	kidneys.

	 3.	 What	percentage	of	living	donor	kidneys	survive	for	10	years?
About	60%.

	 4.	 Discuss	Transplant	Tourism	and	the	Declaration	of	Istanbul.
Transplant	Tourism	involves	organ	trafficking	and/or	transplant	commercialism	if	the	resources	used
for	patients	from	outside	a	particular	country	harms	the	ability	of	that	country	to	provide	transplant
services	to	the	native	population.	Organ	trafficking	involves	living	and	deceased	donors	that	are	co-
erced,	pressured,	or	in	some	fashion	influenced	to	donate.	The	Declaration	of	Istanbul	published	in
2008	emphasized	that	transplant	tourism	should	be	prohibited	due	to	ethical	considerations	and	to
protect	potential	donors.	There	are	exceptions;	for	example,	if	a	donor	and	recipient	are	genetically
related,	they	should	be	allowed	to	undergo	the	transplant	in	a	country	of	their	choice.	Transplant	tour-
ism	is	legal	in	China	and	in	Iran.	China	has	a	history	of	procuring	organs	from	executed	prisoners,
which	has	been	seen	as	a	violation	of	the	Declaration	of	Istanbul.	In	Iran,	kidney	sales	are	regulated.

	 5.	 What	are	some	contraindications	for	living	kidney	donation?
The	contraindications	listed	with	an	asterisk	can	have	further	work	up,	including	a	kidney	biopsy,
to	determine	the	candidacy	of	a	potential	donor.	Other	possible	contraindications	are	acceptable
depending	on	the	transplant	center.	For	instance,	certain	centers	will	accept	a	Caucasian	donor	with
hypertension	if	they	are	over	60	years	of	age	with	well-controlled	blood	pressure	on	one	medication.
•	 Chronic	kidney	disease	(glomerular	filtration	rate	,80	mL/min	per	1.73	m2)
•	 Proteinuria*
•	 Hematuria*
•	 Active	infection
•	 Chronic,	active	viral	infections	(e.g.,	HIV,	hepatitis	B/C)
•	 Active	malignancy
•	 Family	history	of	renal	cell	carcinoma
•	 Hypertension*
•	 Diabetes
•	 Urologic	abnormalities,	including	nephrolithiasis*
•	 Active	substance	abuse
•	 Obesity	(body	mass	index	.35	kg/m2)*
•	 Age	younger	than	18	years
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	 6.	 How	is	a	living	kidney	donor	evaluated	to	be	compatible	for	a	specific	recipient?	If	not	compatible,	
what	options	are	available?
The	evaluation	of	a	potential	living	kidney	generally	begins	with	an	assessment	of	the	donor	and		
recipient	blood	groups	and	a	cross-match.
•	 The	donor	and	recipient	generally	must	be	ABO	compatible.	This	can	occur	under	one	of	the		

following	circumstances:	the	donor	and	recipient	are	ABO	identical,	the	donor	has	blood	type	O	
(universal	donor),	or	the	recipient	is	blood	type	AB	(universal	recipient).	Given	the	distribution	of	
blood	group	antigens	in	the	United	States,	the	waiting	time	on	the	deceased	donor	list	is	prolonged	
for	patients	with	blood	group	O	and	B.	A	recipient	with	blood	type	B	and	a	low	anti-A	Ag	IgG	titer	
can	potentially	receive	a	transplant	from	a	donor	with	blood	type	A2B	or	A2	(see	Question	8).

•	 When	a	potential	donor	is	identified,	a	cross-match	is	performed	prior	to	transplantation	to	evaluate	
for	any	evidence	of	preformed	antibodies	against	the	specific	donor	(human	leukocyte	antigens	
[HLA])	that	could	result	in	hyperacute	and/or	acute	humoral	rejection.	A	final	cross-match	using	
fresh	serum	is	performed	in	all	cases	immediately	preceding	transplantation	to	ensure	compatibility	
between	the	donor	and	recipient.	The	methods	available	for	cross-match	testing	include:	enzyme-
linked	immunosorbent	assay,	flow	cytometry,	complement-dependent	cytotoxicity,	and	single	antigen	
bead	assay.	Transplantation	has	been	done	with	low-level	pre-existing	donor	specific	antibody	
(DSA);	however,	graft	function	tends	to	worsen	quicker	than	in	those	without	pre-existing	DSA.

•	 If	the	donor	is	incompatible	with	the	recipient,	then	Kidney	Paired	Donor	Exchange	is	the	most	
common	solution	today;	we	will	discuss	this	further	in	the	next	question.	ABO-incompatible	or	
cross-match	positive	transplantations	following	desensitization	strategies	have	been	performed	
successfully	at	some	institutions.

	 7.	 What	is	Kidney	Paired	Donor	Exchange?
Barriers	against	living	kidney	donation	include	ABO	blood	group	incompatibility	and	existence	of	
preexisting	HLA	antibodies	between	potential	donor-recipient	pairs.	In	a	Kidney	Paired	Donor	Ex-
change	(KPDE)	program,	a	medically	approved	incompatible	pair	is	able	to	receive	and	exchange	
with	other	incompatible	pair(s).	This	results	in	compatible	organs	for	all	recipients.	The	first	KPDE	
was	established	in	the	United	States	in	2000.	There	were	a	total	of	552	kidneys	transplanted	in	
2014	with	the	KPDE	program,	amounting	to	about	10%	of	all	living	donor	transplants	that	year.

The	five	different	types	of	exchange	include:
	 1.	 Two-way	is	between	two	incompatible	pairs	with	the	procurement	operations	occurring	simultaneously	

so	that	neither	donor	could	back	out.
	 2.	 k-Way	(k	is	the	number	of	pairs)	is	exchanges	between	more	than	two	pairs	using	the	same	

concept	of	the	two-way	exchange.	Reciprocally	matching	donors	are	not	required.	For	example,	
Pairs	A,	B,	and	C,	Pair	A	donor	is	compatible	with	Pair	B	recipient,	but	Pair	B	donor	is	not	a	match	
for	the	Pair	A	recipient.	However,	Pair	C	donor	is	a	match	for	Pair	A	recipient	and	Pair	C	recipient	is	
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Deceased	donor	kidney	with	a	Kidney	Donor	Profile	Index	(KDPI)	of	0%	to	20%	is	expected	to	function	
about	11.5	years,	compared	to	over	12	years	for	a	living	donor	kidney.	Deceased	donor	kidneys	with	a	
KDPI	from	21%	to	85%	are	expected	to	function	about	9	years	and	those	kidneys	with	a	KDPI	exceeding	
85%	are	expected	to	function	for	at	least	5.5	years.
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a	match	for	Pair	B	donor.	Now	all	three	recipients	receive	a	transplant	from	a	compatible	donor.	
Due	to	logistical	reasons	of	the	donors	required	to	be	in	the	operating	room	at	the	same	time,	the		
number	in	this	exchange	is	usually	limited	to	3	to	4	pairs.

	 3.	 Unspecified	donor	chain	starts	with	an	unspecified	donor	(altruistic	donor),	who,	instead	of,	as	
previously,	donating	to	the	deceased	donor	list,	would	now	donate	to	an	incompatible	pair.	The	
donor	in	this	incompatible	pair	would	donate	to	another	incompatible	pair	and	this	pattern	would	
continue,	forming	a	chain.	The	last	donor	in	the	chain	would	donate	to	the	deceased	donor	list,	
ending	the	chain.	This	modality	of	donor	exchange	is	called	the	domino-paired	donation	(DPD).	
Since	it	is	possible	to	arrange	these	chains	so	that	no	donor-recipient	pair	had	to	donate	a		
kidney	before	receiving	a	kidney,	the	requirement	for	all	donors	to	be	in	the	operating	room		
simultaneously	was	relaxed.	This	allowed	for	the	development	of	the	non-simultaneous	extended	
altruistic	donor	chains.	The	last	donor	in	a	DPD	would	become	a	“bridge”	donor,	which	meant		
instead	of	donating	to	the	deceased	donor	list,	the	donor	would	donate	to	another	incompatible	
pair	at	a	later	time,	thus	extending	the	chain.

	 4.	 List	exchange	is	when	a	donor	in	an	incompatible	pair	donates	to	the	deceased	donor	list	and	their	
recipient	is	now	given	priority	for	a	deceased	donor	organ	transplant.

	 5.	 Altruistically	unbalanced	exchange	is	between	a	compatible	pair	and	another	incompatible	pair.	It	
allows	an	incompatible	pair	to	find	a	donor	and	affords	the	opportunity	for	the	compatible	pair	to	
receive	a	kidney	of	higher	quality.

	 8.	 Explain	why	organs	from	an	individual	with	blood	type	A2	or	A2B	can	be	transplanted	into	a	blood	
type	B	recipient?
A2	kidneys	and	A2B	kidneys	express	little	A	antigen	on	their	surface.	If	the	potential	candidate	has	a	
low	anti-A	Ag	IgG	titer	(,4),	they	are	able	to	receive	an	A2	or	A2B	kidney	transplant.	If	the	titer	is	high,	
then	the	candidate	can	only	be	eligible	for	a	kidney	from	a	donor	with	a	B	blood	type.	This	allows	for	
greater	access	to	deceased	donor	kidneys	for	those	with	blood	type	B.	This	strategy	is	not	limited	to	
deceased	donor	kidney	transplantation,	but	can	also	be	used	in	living	donor	kidney	transplantation.

	 9.	 Why	are	kidney	imaging	tests	performed	in	living	kidney	donors	prior	to	transplantation?
•	 To	ensure	the	presence	of	two	kidneys
•	 To	exclude	malignancy	involving	the	urinary	tract
•	 To	exclude	anatomic	abnormalities	of	the	urinary	tract
•	 To	assess	the	vascular	supply	to	the	donor	kidney

	10.	 What	are	some	common	imaging	tests	performed	to	evaluate	the	donor	kidney?
•	 Helical	computed	tomography	(CT)
•	 CT	angiogram
•	 Magnetic	resonance	angiogram

	11.	 What	are	the	short-	and	long-term	outcomes	for	living	kidney	donors,	including	surgical	risk?
A	major	concern	for	living	donors	is	the	long-term	impact	of	having	a	solitary	kidney,	with	risk		
for	developing	hypertension,	proteinuria,	and	chronic	kidney	disease.	Most	of	the	available	data	
suggests	that	the	risks	of	living	donor	donation	is	low	enough	to	justify	such	donation.	However,	
this	data	is	limited	by	several	factors	including	short	observation	times,	lack	of	racial	diversity,		
insufficient	power,	and	donors	lost	to	follow-up.	The	operative	risk	is	very	low,	with	studies	show-
ing	a	90-day	mortality	rate	of	0.03%.	Blood	transfusions,	vascular	complications,	and	returning		
to	the	operating	room	occurred	in	,0.5%	of	cases.	The	most	common	complication	seen	in	the	
immediate	postoperative	time	period	is	gastrointestinal—specifically,	increased	reflux,	bowel	injury,	
and	abdominal	hernias.

The	most	important	risk	factor	for	long-term	poor	donor	outcomes,	including	the	development	of	
diabetes,	hypertension,	and	worsening	kidney	function,	is	the	development	of	obesity	post-donation.	
Long-term	risks	include	cardiovascular	and	kidney	complications.	Most	studies	have	shown	that	kid-
ney	donation	does	not	portend	a	greater	cardiovascular	risk.	The	average	loss	of	kidney	function	after	
donation	is	about	30%.	The	risk	of	hypertension	is	elevated	in	donors	compared	to	non-donors	by	as	
much	as	5%	to	20%.	Donors	who	are	black,	obese,	or	have	high	blood	pressure	are	most	at	risk	for	
progressive	CKD	after	donating	a	kidney.

End-stage	kidney	disease	(ESKD)	risk	in	living	kidney	donors	is	less	than	the	general	population.	
Donors	should	be	informed	that,	while	there	is	an	increased	relative	risk	of	ESKD	after	kidney	dona-
tion,	the	absolute	lifetime	risk	for	ESKD	in	a	donor	is	0.9%	as	compared	to	the	3.2%	lifetime	risk	for	
the	general	population.
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	12.	 Does	living	donation	increase	risk	of	gestational	hypertension	and	pre-eclampsia?
Yes.	Garg	et	al.	compared	131	donor	pregnancies	with	788	non-donor	pregnancies	and	showed	that	
though	the	absolute	risk	of	gestational	hypertension	and	pre-eclampsia	remains	small	overall,	it	is	
about	two	times	greater	than	in	non-donor	pregnancies.	In	non-donors,	2%	developed	gestational		
hypertension	versus	5%	of	donors;	3%	of	non-donors	developed	pre-eclampsia	versus	6%	in	the		
donor	group.

	13.	 Are	there	tools	to	predict	ESKD	risk	for	a	living	donor	candidate?
Yes.	Grams	et	al.	used	a	meta-analysis	of	seven	general	non-donor	populations	and	calibrated	the	
population	level	incidence	of	ESKD	and	mortality.	This	was	compared	to	15-year	projections	with	the	
observed	risk	among	52,998	living	donors.

In	a	40-year-old	non-donor	with	health	characteristics	that	were	similar	to	those	of	age-matched	
kidney	donors,	the	15-year	projections	of	the	risk	of	ESKD	varied	according	to	race	and	sex;	the	risk	
was	0.24%	among	black	men,	0.15%	among	black	women,	0.06%	among	white	men,	and	0.04%	
among	white	women.	Important	risk	factors	influencing	the	development	of	ESKD	over	time	included	
a	lower	estimated	glomerular	filtration	rate	at	time	of	donation,	higher	albuminuria,	hypertension,		
current	or	former	smoking,	diabetes,	and	obesity.	In	the	model-based	lifetime	projections,	the	risk	of	
ESKD	was	highest	among	persons	in	the	youngest	age	group,	particularly	among	young	blacks.	The	
15-year	observed	risks	of	ESKD	after	donation	among	kidney	donors	in	the	United	States	were	3.5	to	
5.3	times	as	high	as	the	projected	risks	in	the	absence	of	donation.

The	ESKD	Risk	Tool	for	Kidney	Donor	Candidates	Calculator	can	be	found	at	http://www.
transplantmodels.com/

	14.	 What	is	the	potential	use	of	Apolipoprotein	L1	(APOL	1)	gene	variant	testing	in	African	American	
(AA)	donors?
APOL1	is	located	on	chromosome	22	and	is	associated	with	non-diabetic	CKD	in	AAs.	There	are	two		
kidney	risk	variants	of	APOL1	associated	with	CKD:	40%	of	AAs	have	one	variant	and	13%	have		
two	variants.	Those	with	one	variant	have	a	1.3-fold	higher	risk	and	those	with	two	variants	have	a	7.3-fold	
higher	risk	of	CKD.	The	role	of	APOL1	in	evaluating	kidney	donors	is	not	settled,	but	given	the	emerging	
data,	it	may	be	prudent	to	advise	potential	donors	with	APOL1	risk	variants	to	avoid	living	donation.

	15.	 At	what	level	of	kidney	dysfunction	is	it	appropriate	to	refer	a	patient	for	kidney	transplant		
evaluation?
If	a	medically	acceptable	living	donor	has	been	identified,	elective	kidney	transplantation	ideally	is	
performed	just	before	dialysis	is	required	(“preemptive”).	If	a	living	donor	is	not	available,	patients	can	
be	evaluated	for	transplantation	at	any	time,	but	cannot	officially	be	listed	for	transplantation	until	
their	glomerular	filtration	rate	falls	below	20	mL/min.

	16.	 What	are	some	general	contraindications	for	kidney	transplantation	from	a	recipient	perspective?
•	 Presence	of	vascular	disease	that	precludes	the	arterial	and	venous	anastomoses	requisite	for	a	

technically	successful	transplant
•	 Recent	or	current	malignancy	(Box	56.1)
•	 Chronic	illness	with	short	life	expectancy
•	 Active	substance	abuse
•	 Active	infectious	process
•	 Poor	cardiac	and	pulmonary	status
•	 Psychosocial	factors	that	may	hinder	future	medicine	adherence

Box 56.1. Guidelines for Transplantation in Patients With Previous Malignancies

Generally: Advised waiting time is 2 years
No waiting time necessary:

Incidental renal carcinoma
In situ carcinoma
Focal neoplasm (defined as a localized tumor  

without metastases)
Low-grade bladder cancer
Basal cell skin cancer

Waiting time of more than 2 years necessary:
Melanoma
Breast carcinoma
Colorectal carcinoma
Uterine carcinoma

Data from Penn, I. (1993). The effect of immunosuppression on pre-existing cancers. Transplantation, 55, 742–747.

http://www.transplantmodels.com/
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	17.	 What	is	the	recurrence	of	primary	glomerulonephritis	and	the	graft	survival	if	a	recurrence	occurs	
at	5	years?
•	 Focal	segmental	glomerulosclerosis	recurrence	rate	of	35%	with	a	5-year	graft	survival	of	73%
•	 Membranous	nephropathy	recurrence	rate	of	55%	with	a	5-year	graft	survival	of	80%
•	 Membrano-proliferative	glomerulonephritis	recurrence	rate	of	40%	with	a	5-year	graft	survival		

of	54%
•	 IgA	nephropathy	recurrence	rate	of	51%	with	a	5-year	graft	survival	of	81%

	18.	 What	is	a	“sensitized”	potential	recipient?
A	“sensitized”	potential	recipient	is	an	individual	who	has	detectable	preformed	HLA	antibodies	that	
pose	considerable	future	risk	to	the	allograft	survival.	Patient	sensitization	is	classically	reported	as	
the	percent	panel	reactivity	antibody	(PRA).	PRA	is	defined	as	the	percentage	of	donors	expected	to	
react	with	a	patient’s	serum	based	on	known	antibody.	Highly	“sensitized”	patients	often	cross-match	
positive	to	multiple	potential	donors	and	require	a	zero	antigen	mismatch	allograft	to	increase	suc-
cess.	Consequently,	these	“sensitized”	patients	are	less	likely	to	be	transplanted	or	will	spend	an		
extended	time	on	the	waitlist	pending	the	availability	of	a	suitable	donor.	The	new	allocation	system,	
however,	does	give	“points”	for	these	individuals	to	increase	their	transplant	rate.

	19.	 What	are	some	ways	that	potential	recipients	become	sensitized?
•	 Pregnancy
•	 Exposure	to	antigens	from	previous	transplants
•	 Exposure	to	antigens	from	blood	product	exposure	(e.g.,	transfusions)

Of	note,	it	has	not	been	shown	that	removal	of	leukocytes	via	leukodepletion	(“washing”	packed	
red	blood	cell	units)	reduces	the	risk	of	sensitization	or	development	of	HLA	antibodies.	The	erythro-
cytes	actually	carry	HLA	Class	I	molecules	and	are	in	large	enough	quantity	in	a	unit	of	packed	red	
blood	cells	that	they	can	stimulate	a	HLA	Class	I	sensitization.	Despite	this	evidence,	leukodepletion	
occurs	in	almost	100%	of	centers	in	Europe	and	75%	of	centers	in	the	United	States.

	20.	 What	are	some	methods	to	desensitize	potential	recipients	who	possess	preformed	HLA		
antibodies?
•	 Intravenous	immunoglobulin
•	 Plasmapheresis
•	 Rituximab
•	 Splenectomy

	1.	 Living	kidney	donation	requires	proper	counseling	and	informed	consent,	as	there	is	an	increased	
risk	of	hypertension,	pre-eclampsia,	and	ESKD.	A	major	risk	factor	for	the	donor	developing	renal	
issues	is	obesity.

	2.	 It	is	important	to	understand	that	certain	kidney	diseases	may	recur	in	the	transplant,	resulting	in	
graft	loss.	This	should	be	part	of	the	pre-transplant	counseling	for	the	potential	recipient.

	3.	 Kidney	Donor	Exchange	is	a	growing	venue	to	increase	availability	of	organs	to	potential	transplant	
candidates.
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	 1.	 What	is	the	goal	of	immunosuppression?
The central goal of immunosuppression is to prevent rejection of the renal allograft. The intensity of
immunosuppression must be weighed against the undesired consequences of immunodeficiency,
such as infection or cancer. Close monitoring, knowledge, and expertise are required to balance the
efficacy and toxicity of kidney transplantation immunosuppression.

	 2.	 What	are	the	classes	of	immunosuppressive	therapies	used	in	kidney	transplantation?
See Table 57.1.

	 3.	 What	are	the	different	phases	of	immunosuppression?
Induction involves the use of powerful immunosuppressive agents to provide a high degree of
immunosuppression immediately post-transplant. This prevents acute rejection and allows time for
maintenance immunosuppression to be titrated to appropriate levels.

Maintenance immunosuppression’s objectives are to prevent rejection and safely preserve the
function of the kidney allograft. These agents are used for the life of the transplant.

	 4.	 What	are	desensitization	protocols?
Desensitization for the highly sensitized patients involves decreasing preformed antibody levels. This
occurs prior to induction. There are several different methods that include various medications, including
rituximab, bortezomib, intravenous immunoglobulin, plasmapheresis, and early initiation of maintenance
immunosuppression weeks before transplantation. The outcomes have been equivocal. In addition, there
is a significant financial cost as well as increased malignancy and infectious risk for the patient.

	 5.	 What	are	the	methods	of	induction	therapy?
Induction strategies can be classified according to the mechanism of the agent used. The two mecha-
nisms that define these agents are lymphocyte-depleting and non-lymphocyte-depleting agents. The
lymphocyte-depleting agents used today are rabbit or equine anti-thymocyte globulin (thymoglobulin)
and alemtuzumab (humanized anti-CD52 monoclonal antibody, Campath-1H, approved to treat chronic
lymphocytic leukemia). Neither agent is approved for induction by the US Food and Drug Administration,
despite their widespread use. The non-lymphocyte-depleting agent used is basiliximab (interleukin-2
receptor antibody, anti-CD25). Large pulse doses of steroids are also commonly used at the time of
induction in addition to the lymphocyte- or non-lymphocyte-depleting agent. Overall, 85% of transplant
programs use induction therapy, most commonly thymoglobulin followed by campath-1H and then
basiliximab. Basiliximab is used in those individuals at lower immunologic risk (e.g., Caucasian race,
first transplant, older patient, low panel reactive antibody. The benefit is a better safety profile than
lymphocyte-depleting agents—in other words, less risk of infection and cancer. Those patients who
are at higher risk for rejection should receive induction with a lymphocyte-depleting agent. The most
common lymphocyte-depleting agent used today is thymoglobulin. Campath-H1 was the formulation
of alemtuzumab sold up until 2012. It is no longer produced, and the remaining supply is used by
certain transplant centers until there is no more available. The new formulation of alemtuzumab now
in production is called Lemtrada.

	 6.	 What	is	the	three-signal	model	of	T	cell-mediated	rejection?
• Signal 1: Antigen triggers T-cell receptors and synapse formation occurs.
• Signal 2: Signal 1 allows co-stimulation of antigen-presenting cells to occur.
• Signal 3: Signal 1 and signal 2 stimulate a cascade of intracellular events culminating in the

initiation of the T-cell cycle; stimulation of the T-cell cycle allows T cells to infiltrate the graft.
• Summary effect is to inhibit T-cell receptor activation, cytokine production, and subsequent

lymphocyte proliferation to prevent rejection.

	 7.	 What	are	the	main	drugs	used	for	maintenance	therapy?
 1. Calcineurin inhibitors (CNI): tacrolimus, cyclosporine
 2. Anti-metabolites: azathioprine, mycophenolate mofetil (MMF), and mycophenolic acid (MPA)
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INCREASE METABOLISM DECREASE 
CNI LEVELS

DECREASE METABOLISM  
INCREASE CNI LEVELS

Carbamazepine Ketoconazole

Phenytoin Erythromycin

Phenobarbital Clarithromycin

INH Verapamil

Rifampin Diltiazem
Nicardipine

 3. mTOR (mammalian target of rapamycin) inhibitors: rapamycin and everolimus
 4. Corticosteroids
 5. Selective co-stimulation blockade: belatacept

The most frequently used combination today is tacrolimus, anti-metabolite (MMF or MPA), and 
prednisone.

	 8.	 What	are	CNIs?
CNIs remain a cornerstone of immunosuppressive regiments in kidney transplantation. This class of 
drugs works by blocking calcineurin, an intricate protein in the signal transduction pathway that  
activates signal 3. The two prototypes of the class are tacrolimus and cyclosporine, with tacrolimus 
being the primary drug of choice today.

The side effects of the CNIs include:
• Nephrotoxicity (discussed in next question)
• Thrombotic microangiopathy (TMA)
• New onset diabetes after transplant
• Hypertension
• Tremor
• Hypercalciuria, hyperkalemia, and hypomagnesemia
• Alopecia (Tacrolimus,)
• Hirsutism, gingival hyperplasia, hyperuricemia, metabolic acidosis, hypophosphatemia  

(Cyclosporine)

	 9.	 Discuss	CNI	Nephrotoxicity.
CNI nephrotoxicity can be divided into acute and chronic forms.
• Acute nephrotoxicity usually involves afferent vascular constriction and lower kidney blood flow, 

leading to kidney ischemia and damage. This resolves with either removal of the drug or lower 
drug levels. TMA secondary to CNIs can present acutely as well. TMA can also be seen in antibody-
mediated rejection.

• Chronic CNI nephrotoxicity is seen histologically by global and focal glomerulosclerosis, arteriolar 
hyaline thickening, isometric tubular vacuolization, and focal areas of tubular atrophy and interstitial 
fibrosis. The fibrosis is classically seen in bands on biopsy and is called stripped fibrosis.

	10.	 How	are	CNI	levels	monitored?
CNIs require trough monitoring to ensure an adequate degree of immunosuppression. The trough 
should be 12 hours after the last dose, so it is imperative the patient take the medication regularly  
at 12-hour intervals and plan for the lab about 30 minutes prior to the next dose. There is also an  
extended 24-hour release formulation of tacrolimus. In this case, levels are checked 24 hours after the 
last dose. Desired drug level varies from center to center, depending on the particular immunosup-
pression strategy, but the goal in the first year is usually 8 to 12 with lower levels desired targeted 
further out from transplant

If a drug level is uncharacteristically elevated, when calling the patient, always ask if they had 
taken the CNI prior to the blood draw to check the level. Another common cause of elevated CNI  
levels due to increased absorption is diarrhea. If drug levels are either higher or lower than usual,  
ask if the patient is on any new medications.

Table 57.1. Common Drug I\Interactions

CNI, Calcineurin inhibitor.
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	11.	 How	can	Tacrolimus	be	administered?
Tacrolimus can be given by mouth (PO), intravenously (IV), or sublingual. Oral dosing, when initially given 
in combination with MMF or MPA, is 0.1 mg/kg per day. It is important to know if the tacrolimus is imme-
diate release (twice daily dosing) or extended release (once daily dosing); the ratio is 1:1. If IV tacrolimus 
is used the dose is 0.03 to 0.05 mg/kg per day by continuous infusion. The conversion ratio from oral dos-
ing to IV dosing is roughly about 4:1. The maximum IV dose is 4 mg daily. However, the levels are difficult 
to follow and can be labile with IV dosing. Sublingual dosing is about 50% of oral dosing. If a patient is  
nothing by mouth (NPO), sublingual is preferable to IV dosing. In a situation where the patient cannot be 
appropriately dosed, the immunosuppression plan should be discussed with a transplant specialist.

	12.	 What	are	the	anti-metabolites	used	for	immunosuppression?
Inosine monophosphate dehydrogenase inhibitors (IMPDH inhibitors) inhibit purine synthesis. Two  
important drugs in this class are MPA and MMF. MPA directly inhibits IMPDH (a key enzyme in purine 
synthesis), whereas MMF is a prodrug that releases MPA. The principal side effects of these medica-
tions are gastrointestinal (nausea, vomiting, diarrhea) and hematologic (anemia, leukopenia).  
Azathioprine inhibits interferes with DNA, RNA, and protein synthesis. It is an option for those  
patients who cannot tolerate the IMPDH inhibitors for reasons such as GI distress.

	13.	 What	are	mTOR	inhibitors?
mTOR inhibitors block the mTOR and thus prevent cytokine signals from activating the T-cell cycle 
(signal 3). Two examples of these medications are sirolimus and everolimus. The principal adverse 
drug reactions include hyperlipidemia, impaired wound healing, and thrombocytopenia. Additionally, 
mTOR inhibitors have been linked to mouth ulcers and pneumonitis. The half-life for mTOR inhibitors 
is about 60 hours, so when changing the dose, the level is usually checked about a week later.  
Desired drug levels depend on the overall immunosuppression regiment: if an mTOR inhibitor is  
used by itself, the target level is similar to tacrolimus. On the other hand, if used with a CNI, the  
target level of both the CNI and mTORinhibitor is lower.

	14.	 What	is	Belatacept?
A biological agent that blocks the co-stimulation necessary for activation of the T-cell (signal 2), Belata-
cept is associated with less metabolic side effects and nephrotoxicity compared to CNIs and mTOR  
inhibitors. Drug levels do not need to be checked, allowing for less lab draws. Another advantage is that 
once loaded, it is typically a once-monthly intravenous infusion, potentially improving patient compli-
ance. Studies comparing Belatacept to CNI (cyclosporine) showed that, though there was improved  
glomerular filtration rates in the Belatacept arm, this came at the cost of an increased rejection rate. 
Also, Belatacept was associated with post-transplant lymphoproliferative disease when given in patients 
who were Epstein-Barr negative. The primary barriers for Belatacept to be a more mainstream agent are 
the need for the infusion, cost, and the possible higher rate of rejection in high-risk transplant groups.

	15.	 What	are	the	common	drug	interactions	of	concern	with	immunosuppressants?
The major drug interactions involve the CNIs (cyclosporine, tacrolimus) and drugs that are metabolized 
through the cytochrome p450-3A4 system (Box 57.1).

Box 57.1. Classes of Immunosuppressive Drugs Used in Kidney Transplantation

 A. Glucocorticoids
 B. Small molecule drugs
 1. Immunophilin-binding drugsa

 a. Calcineurin inhibitors (cyclosporine,  
tacrolimus)

 b. Mammalian target of rapamycin  
inhibitors (sirolimus, everolimus)

 2. Inhibitors of nucleotide synthesis
 a. Purine synthesis (inosine monophosphate 

dehydrogenase) inhibitors (mycophenolate 
mofetil, mycophenolic acid

 b. Pyrimidine synthesis inhibitors  
(Leflunomide)

 3. Anti-metabolites (Azathioprine)

aImmunophilin is an intracellular protein that, when bound to calcineurin inhibitors, will engage calcineurin.

 C. Protein drugs
 1. Antibody-depleting agents against T cells, 

B cells, or both
 a. Polyclonal antibody (thymoglobulin)
 b. Monoclonal antibody (muromonab)
 2. Non-depleting antibodies (basiliximab)
 3. Fusion drugs (Belatacept)
 4. Intravenous immune globulin
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	16.	 When	should	steroids	be	withdrawn	following	kidney	transplantation?
The long-term use of steroids is associated with numerous adverse effects, including osteoporosis, 
new-onset diabetes after transplant, poor wound healing, hypertension, obesity, and dyslipidemia.  
Patients at lower immunologic risk do well with early steroid withdrawal 3 to 21 days post- 
transplantation. However, the benefits of early steroid withdrawal may be outweighed in patients at 
higher immunologic risk, particularly in the black population. Early steroid withdrawal in this group 
has shown a higher incidence of acute rejection and chronic antibody mediated rejection. There is 
possibly a subgroup of blacks that could benefit from steroid withdrawal, but this likely is a group 
with more potent induction therapy and maintenance immunosuppression. This subgroup would also 
include fewer human leukocyte antigen (HLA) mismatches, living donor, and no delayed graft function. 
The late withdrawal of steroids has demonstrated conflicting results.

Steroid-free protocols are increasingly used, despite some controversy over their efficacy and 
safety. Data from the FREEDOM study group showed a higher rate of acute rejection in the steroid-
free group, despite no differences in creatinine, glomerular filtration rate, or graft survival compared 
to the steroid maintenance arm. The steroid-free group had less statin use, weight gain, and anti- 
hyperglycemic medicine use. The issue of steroid use post-transplantation remains controversial  
and requires further investigation to identify the optimal strategy. For now, the use of steroids post- 
transplantation should be individualized, considering a recipient’s comorbidities and overall risk of  
allograft rejection.

	17.	 What	is	the	purpose	of	CNI	minimization	or	avoidance	strategies?
These strategies are meant to avoid the long-term toxicities associated with CNI use—in particular, 
nephrotoxicity. This must be individualized to the patient and their immune risk for rejection.  
Various strategies include switching to a lower drug level target for tacrolimus in combination 
with an mTOR inhibitor with or without steroids. CNIs can be completely switched out for an 
mTOR inhibitor or Belatacept with an antimetabolite and steroids as well. There is some increased 
risk of rejection, particularly in high-risk populations when CNIs are minimized. The other concern 
that has come to light more recently is that CNI nephrotoxicity might not be the main culprit limit-
ing long-term graft survival, but rather chronic alloimmune damage. If this is the case, it might be 
better to keep a patient on a CNI and not aggressively try to reduce the CNI exposure. Additional 
studies are needed.

	18.	 Are	there	generic	versions	of	transplant	medications?
There are generic versions of Tacrolimus, Cyclosporine, and MMF that are commonly used today. If the 
patient is switched from a brand name to a generic version, the transplant center should be notified 
so they can follow closely along. Cyclosporine has different brand names, including Sandimmune and 
Gengraf. When possible, a patient should be kept on what they have been taking in the past. MMF is 
interchangeable with MPA (250 mg of MMF is equivalent to 180 mg of MPA).

 1. The intensity of immunosuppression must be weighed against the undesired consequences of  
immunodeficiency (infection or cancer).

 2. Immunosuppression is divided into the induction phase and maintenance phase. Induction involves 
lymphocyte and non-lymphocyte depleting agents commonly with pulse dose steroids. Maintenance 
therapy involves CNIs, anti-metabolites, mTOR inhibitors, steroids, and co-stimulation blockade with 
Belatacept.

 3. CNIs remain a cornerstone of immunosuppressive regiments in kidney transplantation. This 
class of drugs works by blocking calcineurin, an intricate protein in the signal transduction 
pathway.

 4. Deciding on immunosuppression strategy from induction to maintenance should be individualized 
as per the patient’s individual risk for rejection and metabolic complications.

 5. The issue of steroid use post-transplantation remains controversial and requires further inves-
tigation to identify the optimal strategy. For now, the use of steroids post-transplantation 
should be individualized, considering a recipient’s comorbidities and overall risk of allograft 
rejection.

KEY POINTS
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58 REJECTION OF THE KIDNEY 
TRANSPLANT
Beje Thomas and Matthew R. Weir

	 1.	 How	to	evaluate	acute	kidney	injury	(AKI)	in	the	kidney	transplant	patient?
See Fig. 58.1. When deciding the baseline kidney function and using the serum creatinine (Scr), the 
clinician must be careful. The ideal baseline Scr is based on the most recent trend when the patient 
was in a steady state. Time after transplantation is also critical in sorting through the differential diag-
nosis of AKI. The differential changes when the patient is a recent transplant and could have surgical 
complications, such as a urine leak in the first few months as opposed to a patient several years after 
transplant in whom that is less likely.

	 2.	 What	are	the	various	types	of	rejection	as	defined	by	time?
There are three general types of organ rejection:

 1. Hyperacute
 2. Acute
 3. Chronic

Hyperacute rejection is a complement-mediated response by the recipient with preexisting  
donor specific antibodies (DSA). Hyperacute rejection occurs almost immediately following organ im-
plantation and necessitates immediate explant of the organ. Hyperacute rejection is uncommon with 
pre-transplantation cross-matches and screening.

Acute rejection is associated with a sudden deterioration in allograft function that can occur 
as early as 1 week post-transplantation. Acute rejection may also be subclinical, associated with  
a more insidious rise in creatinine. Acute rejection has a major adverse effect on long-term graft 
survival.

Chronic rejection, better defined as chronic antibody-mediated rejection (AMR), is the main 
cause of late allograft loss and is histologically defined as transplant glomerulopathy (TG).

	 3.	 What	are	the	two	different	types	of	acute	rejection?
For diagnosis, both require a kidney transplant biopsy. A patient can have a mixed rejection with  
features of both cell-mediated acute cellular rejection and AMR (Table 58.1).

	 4.	 What	is	the	Banff	criteria	for	acute	cell-mediated	rejection?
The Banff classification of kidney allograft rejection grades acute tubulointerstitial rejection by severity 
of tubulitis and acute vascular rejection by severity of arteritis. Types of T-cell-mediated rejection are 
as follows:
• Type IA: Cases with significant interstitial infiltration by lymphocytes (.25% of parenchyma 

affected) and foci of moderate tubulitis
• Type IB: Cases with significant interstitial infiltration of lymphocytes (.25% of parenchyma affected) 

and foci of severe tubulitis
• Type IIA: Cases with mild-to-moderate intimal arteritis
• Type IIB: Cases with severe intimal arteritis
• Type III: Cases with transmural arteritis and/or arterial fibrinoid change and necrosis of medial 

smooth muscle cells with accompanying lymphocytic inflammation

	 5.	 What	should	be	considered	when	acute	rejection	is	diagnosed?
The possibility of inadequate immunosuppression should be considered whenever acute  
rejection is confirmed. This inadequacy may result from noncompliance, under-dosing of  
maintenance immunosuppressants, drug interactions, and/or rapid withdrawal of immunosup-
pressants post-transplantation. A systematic approach to identify the contributing factors  
for acute rejection should be instituted to mitigate further graft damage and eventual graft  
failure.
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Elevated Scr 20–25% above baseline
When was transplant? Does patient have dialysis access?

Take a good history
Check vitals/urine output, routine labs including blood count,

chemistry profile for renal function, UA, IS levels, 
and renal transplant US with doppler

Hypervolemic

Check CNI level and
confirm compliance

with medications

Evaluate for other
hemodynamic and

drug causes

If no clear
etiology kidney
allograft biopsy

Urine leak, obstruction,
renal vein thrombosis,
renal artery thrombosis

Recurrent GN (usually with
high proteinuria), infection 
(pyelonephritis, BK virus,

adenovirus), Acute Cellular
Rejection, Antibody

Mediated Rejection, Transplant
Glomerulopathy) Drug related

(TMA, AIN, CNI nephrotoxicity, 
other drug toxicity)

Evaluate for
TRAS

Control blood
pressure

Review imaging i.e.
renal ultrasound with
doppler or CT scan

Evalute for primary source:
• Heart failure
• Renal causes with

drop in urine output
from acute kidney
injury or obstruction

• Other causes i.e. liver
cirrhosis, nephrotic syndrome

Assess volume
status Hypovolemic

Hypotension Uncontrolled
hypertension

Assess blood pressure

Euvolemic

Restore volume
and blood

pressure, treat
underlying cause

Acute event
(e.g. sepsis,

MI, PE, volume
depletion,

hemorrhage)

Figure 58.1.  Evaluation of Renal Transplant Dysfunction. AIN, Acute interstitial nephritis; CNI, calcium inhibitor; CT, computerized tomography; GN, glomerulonephritis; IS, immunosup-
pression; MI, myocardial infarction; PE, pulmonary embolism; Scr, creatine; TMA, thrombotic microangiopathy; TRAS, transplant renal artery stenosis; UA, urinalysis; US, ultrasound. 
 (From Colvin, R. B. (2007). Antibody-mediated renal allograft rejection: Diagnosis and pathogenesis. Journal of the American Society of Nephrology, 18, 1046–1056.)
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	 6.	 What	are	the	treatment	options	for	cell-mediated	rejection?
• Pulse corticosteroids
• Anti-T-cell antibody therapies (e.g., thymoglobulin)
• Cyclophosphamide—(rarely used)

	 7.	 What	are	some	general	principles	when	treating	acute	cell-mediated	rejection?
• Pulse dose corticosteroids, typically methylprednisolone 500 mg daily intravenously for 3 days are 

considered the first-line therapy for Banff class IA. In higher grades of rejection beyond Banff IA 
pulse corticosteroids are routinely used as well but in concert with other more potent drugs such 
as lymphocyte depleting agents.

• Optimizing maintenance immunosuppression. The calcineurin inhibitor dose should be adjusted if 
levels preceding the acute rejection episode were sub-therapeutic. If tolerable, the dose of myco-
phenolate mofetil/mycophenolic acid should be increased. Typically, a steroid taper is given as well.

• Lymphocyte-depleting agents are used regularly for Grade 1B rejection or a higher grade of  
rejection. They are used in Grade1A if the rejection is resistant to steroids. Thymoglobulin is the 
common lymphocyte-depleting agent used.

If there is no response, the possibility of AMR should be considered. Patients should be assessed 
for DSA and the biopsy stained for C4d staining. A repeat kidney transplant biopsy should also be 
considered. If there are no contraindications, an alternate lymphocyte-depleting agent (CampathH-1), 
plasmapheresis, and/or intravenous immune globulin may be considered. The decision to discontinue 
therapy should be based on many factors, but mainly the recipient’s clinical status and degree of 
damage on repeat allograft biopsy.

	 8.	 What	are	the	Banff	criteria	for	AMR/humoral	rejection?
• Acute AMR: Defined by detection of DSA, C4d staining on the biopsy, and allograft pathology  

consistent with this diagnosis of AMR. The 2013 Banff Conference changed the definition of AMR.  
It acknowledges that C4d staining may be negative in AMR, termed C4d negative AMR. In this  
setting, there are other pathological changes, including intimal arteritis, peritubular capillaritis,  
and glomerulitis in the setting of positive DSA.

• Chronic AMR/TG: Defined by the Banff histological term chronic glomerulopathy (CG). CG is the 
double contouring of the glomerular basement membrane seen on light or electron microscopy. 

Table 58.1. Acute Rejection Types

AMR, Antibody-mediated rejection; DSA, donor specific antibodies; Scr, serum creatinine.

CELL-MEDIATED REJECTION ANTIBODY-MEDIATED REJECTION

Cell-mediated
Adaptive immune system

B-cell mediated
Innate immune system
Can be activated by a T-cell response

Can occur within the first few weeks 
of transplant

Can occur within hours to days after transplant

Scr might be stable and can have 
subclinical rejection, though usually is 
elevated

When acute, more likely to cause rapid kidney allograft 
dysfunction
Proteinuria

Lymphocyte infiltration, tubulits,  
arteritis
Negative DSA
Negative C4d in peritubular  
capillaries

Intimal arteritis, peritubular capillaritis and glomerulitis, 
microthrombi
Positive DSA
Positive C4d in peritubular capillaries (can be negative in 
AMR; however, have positive DSA and other histological 
changes consistent with acute AMR

Treatment involves shutting down  
T-cell response using steroids and 
lymphocyte-depleting agents
Optimize maintenance immunosup-
pression

Treatment involves removing and shutting down antibody 
production using steroids, plasmapheresis, intravenous 
immunoglobulin, lymphocyte-depleting agents, and B-cell 
(rituxan, boertezomab) or compliment- specific therapies 
(eculizimab)
Optimize maintenance immunosuppression
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This is a result of repetitive episodes of endothelial activation, injury, and repair leading to patho-
logical changes of the glomerular basement membrane. TG risk factors include preexisting or de 
novo anti-HLA antibodies, Hepatitis C infection, and thrombotic microangiopathy. TG prevalence is 
5% to 20% in most series, reaching 55% in some high-risk cohorts, and is associated with worse 
allograft outcomes. Kidney transplant biopsy is the gold standard for diagnosis of TG. One has to 
be vigilant, as the Scr may not rise until considerable damage is done. A rising level of proteinuria 
several years after transplant is an indication for kidney transplant biopsy, as this can be sign of 
developing TG.

	 9.	 What	are	the	postulated	stages	of	humoral	rejection/transplant	glomerulopathy	with	the		
development	of	de	nova	DSA?

 1. De nova DSA
 2. Peritubular capillaritis
 3. 6C4d positivity
 4. Glomerulitis
 5. Interstitial fibrosis and tubular atrophy
 6. Rise of creatinine and proteinuria

	10.	 What	are	panel	reactive	antibody	(PRA),	DSA,	and	C4d?
• Patient sensitization is classically reported as the percent PRA and is an estimate of the likelihood 

of a positive cross-match to a pool of potential donors and their respective human leukocyte  
antigens (HLA). In simpler terms, it is a method for determining a patient’s risk of organ rejection 
prior to transplantation. PRA greater than 80% is considered highly sensitized.

• DSA are immunoglobulin G antibodies targeted against HLAs. DSA may be anti-class I or anti-class II. 
Anti-donor HLA antibodies against either class I or class II antigens are associated with higher  
frequency of acute and chronic AMR.

• C4d is a degradation product of the classic complement pathway. C4d has a high affinity for  
endothelial and collagen basement membranes and serves as a method of detecting antibody  
activation within the glomerulus and tubules. C4d is evidence of AMR.

	11.	 What	is	the	treatment	algorithm	for	AMR?
Pulse dose corticosteroids of 500 mg intravenously daily for a total of three doses with 9 to 10 sessions 
of plasmapheresis for removal of antibodies and inflammatory mediators. This is followed by the  
patient receiving intravenous immunoglobulin to decrease activation of the compliment system and 
cell-mediated immunity. The intravenous immunoglobulin can be given after a session of plasmapher-
esis. In order to avoid an infusion reaction no more than 500 mg is given at one time, the total dose 
given by the end of treatment is 2 g/kg. The combination of pulse dose steroids, plasmapheresis, and 
intravenous immunoglobulin is the most common treatment method for AMR. It is also necessary to 
optimize the patient’s maintenance immunosuppression, such as increasing their tacrolimus goal, the 
dose of the anti-metabolite, or adding prednisone if not on it.

Other therapies that are available with limited data include B-cell/plasma cell therapy with 
Rituxan and Bortezomab to prevent antibody formation. Eculizimab is another alternative agent with 
limited data in AMR. It inhibits formation of C5b-9 attack complex that causes cell lysis in the kidney 
transplant in AMR.

 1. Use a systematic, algorithmic approach to AKI in the kidney transplant patient. Remember, not all 
AKI is rejection.

 2. The possibility of inadequate immunosuppression should be considered whenever acute  
rejection is confirmed.

 3. Acute AMR includes documentation of circulating DSA, C4d staining in the peritubular capillaries, and 
allograft pathology consistent with this diagnosis. However, C4d negative AMR is a recognized form 
of AMR.

 4. Transplant glomerulopathy is a main cause of long-term graft loss. Proteinuria and serum  
creatinine may be stable and rise only after significant pathological damage has been  
done.

 5. Multiple factors, both alloantigen-dependent and alloantigen-independent, appear to contribute to 
the pathogenesis of chronic graft dysfunction.

KEY POINTS
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	 1.	 Are	transplant	recipients	at	greater	risk	for	the	development	of	malignancies?
Yes. The chronic exposure to immunosuppressive agents increases the long-term risk of malignancy 
by two to threefold compared with the general population of the same age and sex. Kidney transplant 
recipients have the cancer risk of a nontransplanted individual 20 to 30 years older than them. If a re-
cipient had a cancer prior to transplant, the risk post transplant is increased by 40%. See Fig. 59.1.

	 2.	 What	are	posttransplant	lymphoproliferative	diseases	(PTLD)	and	the	risk	factors?
PTLD is a well-recognized complication of the immunosuppression in the kidney transplant patient. 
Epstein-Barr virus (EBV) is found in two-thirds of PTLD cases. PTLD in kidney transplant patients is 
mainly a B cell–derived, large cell lymphoma.

Risk factors for PTLD include:
• Degree of immunosuppression such as the use of lymphocyte-depleting agents
• Transplantation between EBV-positive donor and EBV-negative recipient
• ,25-year-old recipient
• Pretransplant malignancy
• PTLD occurs in 0.6% to 1.5% of patients after kidney transplantation, with the majority in the  

first year

	 3.	 How	common	are	lymphoproliferative	disorders	following	transplantation?
Excluding nonmelanoma skin cancer and in situ cervical cancer, lymphoproliferative disorders are the 
most common malignancies complicating organ transplantation. Lymphoproliferative disorders ac-
count for 21% of all malignancies in patients who have received transplants, compared with 5% of 
malignancies in the general population. Lymphoproliferative disorders occur in 5% of patients who 
have received a kidney transplant.

	 4.	 Does	PTLD	have	the	same	characteristics	as	lymphoproliferative	disease	in	the	general	population?
No, the proportion of patients with non-Hodgkin lymphoma (NHL) is much higher in transplant patients 
(95%), whereas NHL accounts for only 65% of lymphomas in the general population.

	 5.	 What	is	the	clinical	presentation	of	PTLD?
PTLD can be divided into “early” and “late.” Early PTLD is seen in younger patients who have a de 
nova EBV infection. The kidney allograft is involved in 57% of cases. This is responsive to immuno-
suppression reduction. Late PTLD occurs after the first year and is usually more disseminated and 
does not respond as well to immunosuppression reduction. Most patients present with nonspecific 
complaints, including fatigue, weight loss, and fever. Some patients present with symptoms resem-
bling infectious mononucleosis. Up to 10% to 15% of PTLD present with central nervous system in-
volvement. A patient may present with lymphadenopathy or palpable masses. Extranodal involvement 
is common. Given the nonspecific nature of clinical presentation, the diagnosis of PTLD requires a 
high index of suspicion.

	 6.	 What	are	the	different	types	of	PTLD?
• Benign polyclonal lymphoproliferation
• Polyclonal lymphoproliferation with malignant transformation
• Monoclonal lymphoproliferation with malignant transformation (Hanson et al., 1996)

	 7.	 What	are	the	treatment	options	for	various	PTLDs?
The treatment and management of PTLD is varied. Treatment is often dictated by the cell type and 
stage of the lymphoproliferative process. Treatment strategies are individualized and can include:
• Reduction of immunosuppression
• Antiviral therapy
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• Chemotherapy
• Intravenous immunoglobulin (IVIG)
• Surgical resection
• Radiation
• Interferon therapy
• Anti-CD20 monoclonal antibody therapies

	 8.	 Discuss	the	relationship	between	EBV	and	PTLD?
EBV is present in 95% of the adult US population. Kidney recipients that are EBV negative receiving an 
organ from an EBV-positive donor are at increased risk of PTLD. After infection, the virus persists in 
B-cell lymphocytes and can lead to cell transformation. This transformation leads to a persistently  
activated B cell that is constantly replicating. Normally in the immunocompetent patient, the body’s 
cellular component of the immune system (helper and cytotoxic T cells, natural killer cells) eliminate 
these “transformed” B cells. However, with immunosuppression, this regulatory process does not  
respond appropriately, and PTLD can develop. This is why PTLD is more common in the first year post 
transplant after induction therapy and higher levels of maintenance immunosuppression.

	 9.	 Is	treatment	of	EBV	with	antiviral	therapies	beneficial	for	PTLD?
Despite their widespread use, there is currently no evidence that any antiviral therapy is efficacious 
for the treatment of PTLD. Given the lack of evidence-based support for antiviral therapies, they are 
not recommended as a sole treatment. The use of antivirals to reduce the incidence of PTLD following 
transplantation has not been validated.

	10.	 What	is	the	most	common	form	of	skin	cancer	in	transplant	recipients?
Squamous cell carcinoma is the most common, occurring 65 to 250 times more frequently in the 
transplant population than in the general population. In the general population, basal cell carcinoma is 
more common than squamous cell skin cancer.

	11.	 How	can	we	reduce	the	risk	of	skin	cancer	in	patients	who	have	received	kidney	transplant?
All kidney transplant recipients, especially those who have fair skin, live in sun-exposed climates, had 
significant sun exposure as a child, or have a history of skin cancer, should be educated on their high 
risk of skin cancer. Minimization of sun exposure (avoiding the sun from 10 a.m. to 4 p.m.), the use of 
sunscreen, and meticulous skin self-examinations should be instituted to reduce the risk of skin  
cancers in this high-risk population. An annual skin examination by a dermatologist is recommended 
in most kidney transplant recipients. In regard to immunosuppression, those on calcineurin  
inhibitor (CNI) converted to mechanistic target of rapamycin (mTOR) inhibitors have decreased rates  
of skin malignancies compared with those who remain on CNI. However, there is increased risk of  
rejection, and not all patients are able to tolerate the mTOR inhibitors.

Non-melanoma skin
Thyroid and other endocrine

Mouth, tongue and lip
Cervix, vulva and vagina
Non-Hodgkin lymphoma

Kidney and ureter
Bladder

Colorectal
Lung
Brain

Prostate
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FIGURE 59.1. Risk of developing malignancies in transplant recipients compared with the general population.
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	12.	 What	is	the	association	of	immunosuppression	and	malignancy?
It is important to note that a higher degree of immunosuppression confers a higher risk of malignancy. If 
the patient has an episode of acute rejection after transplant the treatment may include a second round 
of induction (lymphocyte-depleting) agents which increases the risk of future malignancies as well. CNIs 
are known to promote carcinogenesis. Azathioprine is associated with higher incidence of lymphoma and 
skin malignancies. Mycophenolate mofetil (MMF) and mycophenolate acid (MPA) were developed as an-
ticancer drugs; however, there has been no difference in malignancy rates in patients on these drugs or 
not. However, if they are on the MMF or MPA, there is reduced rejection. mTOR inhibitors have a lower 
rate of malignancy. Reducing the risk of malignancy is one of the drivers pushing research into lighter 
immunosuppression protocols. However, this must be balanced against the risk of rejection.

	13.	 How	should	the	transplant	recipient	be	screened	for	malignancies?
• History and physical examination to exclude disseminated or localized organ involvement by PTLD. 

High-risk kidney transplant patients (EBV-positive donor with EBV-negative recipient) should be 
screened the first week post transplant, monthly for 3 to 6 months, then every 3 months until the 
end of the first year, and then annually.

• Skin examinations by dermatologist (every 6 months in patients at high risk, otherwise yearly)
• Ultrasound or computed tomography scan of the native kidneys annually
• Gynecologic examinations, including Pap test and ultrasound of genitourinary organs annually
• Prostate-specific antigen and digital rectal examination annually in men older than 50 years old or 

younger in high-risk groups
• Fecal occult blood test annually in men older than 50 years old or younger in high-risk groups
• Abdominal ultrasound and serum alpha fetoprotein levels in carriers of hepatitis B or C virus
• Colonoscopy in individuals, as per general population guidelines
• Mammogram in females, as per general population guidelines
• Cystoscopy in individuals with hematuria, particularly with a history of cyclophosphamide therapy
• Hepatic ultrasound and alpha fetoprotein yearly in patients with cirrhosis

 1. The chronic exposure to immunosuppressive agents increases the long-term risk of many malig-
nancies, particularly when compared with the general population.

 2. Lymphoproliferative disorders are the most common malignancies complicating organ transplanta-
tion, excluding nonmelanoma skin cancer and in situ cervical cancer.

 3. The clinical presentation of posttransplant lymphoproliferative disorder is protean. Most patients 
present with nonspecific complaints, including fatigue, weight loss, and fever.

 4. Squamous cell carcinoma occurs 65 to 250 times more frequently in the transplant population than 
in the general population.

KEY POINTS
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POSTTRANSPLANT INFECTIONS
Beje Thomas and Matthew R. Weir

	 1.	 What	type	of	infections	do	kidney	transplant	recipients	develop?
•	 Donor-derived	infections
•	 Recipient-derived	infections
•	 Nosocomial-acquired	infections
•	 Community-acquired	infections

	 2.	 Is	there	any	pattern	to	infections	that	occur	post	transplantation?
Yes.	Karuthu	et	al.	reviewed	this	recently,	including	the	timing	of	infections	post	transplant.	Infections	
occur	in	a	generally	predictable	pattern	after	kidney	transplantation.	See	Fig.	60.1
•	 First	month	post	transplant:

•	 Nosocomial	and	surgery-related	infections	are	the	predominant	infections
•	 Aspiration	pneumonia
•	 Catheter	infections
•	 Wound	infections
•	 Anastomotic	leaks
•	 Clostridium	difficile	colitis
•	 Resistant	organisms	such	as	methicillin-resistant	Staphylococcus aureus

•	 Months	post	transplantation	1	through	6:
•	 Activation	of	latent	infections	is	most	common
•	 Pneumocystis jiroveci (previously	Pneumocystis carinii)	pneumonia
•	 Fungal	infections
•	 Herpes-related	disease
•	 BK	virus
•	 Clostridium difficile	colitis
•	 Hepatitis	C	virus
•	 Adenovirus
•	 Influenza
•	 Cryptococcus
•	 Mycobacterium tuberculosis.

•	 Posttransplant	month	6	and	beyond:
•	 Community-acquired	infections	are	predominant	(urinary	tract	infections	[UTIs],	pneumonia)
•	 Fungal	infections,	including	Nocardia,	Aspergillus,	and	Mucor
•	 Late	viral	infections	(cytomegalovirus	[CMV],	hepatitis	B	and	C,	herpes	simplex	virus,	

John	Cunningham	(JC)	virus)

	 3.	 What	is	the	most	common	bacterial	infection	that	leads	to	hospitalizations	in	kidney	transplant	
patients?
UTIs.	The	most	common	bacterial	cause	is	Escherichia coli.

	 4.	 What	infectious	prophylaxis	do	patients	receive	post	transplant?
•	 Valganciclovir	to	prevent	CMV	for	3	to	6	months
•	 Trimethoprim-sulfamethoxazole	to	prevent	Pneumocystis jirovici	and	UTIs	for	6	months
•	 Nystatin	or	clotrimazole	to	prevent	esophageal	candidiasis	for	3	months

	 5.	 What	is	BK	virus?
BK	virus	is	a	ubiquitous,	double-stranded	DNA	polyomavirus	with	a	5300–base	pair	genome	that	repli-
cates	in	the	host	nucleus.	The	polyoma	family	includes	JC	virus	(infectious	cause	of	progressive	multifo-
cal	leukoencephalopathy	[PML]),	SV40,	and	monkey	polyomavirus.	Although	the	human	polyomaviruses	
are	highly	seroprevalent	in	humans,	they	appear	to	cause	clinical	disease	only	in	immunocompromised	
hosts.
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Common lnfections in Solid-Orgsn Transplant Recipients

Dynamic assessment of risk of infection
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Figure 60.1. Timeline	of	common	infections	in	transplant	recipients.	CMV,	Cytomegalovirus;	EBV,	Epstein-Barr	virus;	HBV,	hepatitis	B	virus;	HCV,	hepatitis	C	virus;	HSV,	herpes	simplex	virus;	LCMV,	
lymphocytic	choriomeningitis;	MRSA,	methicillin-resistant	Staphylococcus aureus;	PCP,	Pneumocystis jiroveci	pneumonia;	PML,	progressive	multifocal	leukoencephalopathy;	PTLD,	posttransplant	
lymphoproliferative	disorder;	SARS,	severe	acute	respiratory	syndrome;	VRE,	vancomycin-resistant	enterococci;	VZV,	varicella-zoster	virus.	(From New England Journal of Medicine, Fishman, J. A., 
Infection in solid-organ transplant recipients, Volume 357, page 2606, Copyright 2007 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.)
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	 6.	 What	is	BK-associated	nephropathy?
BK	virus	damages	the	transplant	kidney.	The	prevalence	of	BK	nephropathy	ranges	from	1%	to	10%.	BK
nephropathy	is	characterized	by	a	tubulointerstitial	disease	pattern	that	closely	resembles	acute	rejection.

	 7.	 Besides	nephropathy,	can	BK	virus	cause	any	other	kidney	problems?
Yes.	BK	virus	is	associated	with	ureteral	stenosis/strictures,	which	may	lead	to	obstructive	uropathy.
Obstructions	associated	with	BK	virus	usually	occurs	2	to	4	months	post	transplant,	whereas	ischemia-
induced	stenosis	usually	occurs	1	to	2	weeks	postoperatively.

	 8.	 What	are	the	risk	factors	for	the	development	of	BK-associated	nephropathy?
•	 Human	leukocyte	antigen	mismatch
•	 Previous	acute	rejection
•	 Use	of	lymphocyte	depleting	therapy
•	 Use	of	steroid	pulses
•	 Age	.55
•	 Male	gender
•	 White	race
•	 Diabetes

	 9.	 Discuss	BK	screening.
BK	virus	is	detectable	both	in	the	blood	and	the	urine.	The	virus	first	appears	in	the	urine	(viruria)	and
then	is	detectable	in	the	blood	(viremia)	several	weeks	later.	The	preferred	screening	test	at	most
transplant	centers	is	the	blood	BK	quantitative	viral	DNA	polymerase	chain	reaction	(PCR).	The	sensi-
tivity	between	the	serum	and	urine	BK	viral	testing	is	the	same	at	100%,	but	the	specificity	of	serum
testing	is	90%	versus	80%	for	urine	testing.	BK	viremia	is	also	a	better	predictor	of	BK	nephropathy.
There	is	an	alternative	strategy	that	does	use	BK	viruria	for	screening	because	it	appears	earlier	that
BK	viremia.	Once	BK	viruria	is	present,	the	clinician	considers	lowering	immunosuppression	and	now
switching	to	BK	viremia	for	screening.

Recommended	screening	times	are	monthly	for	the	first	6	months	and	then	every	3	months	up
to	24	months	post	transplant.

A	BK	viral	load	greater	than	10,000	copies	is	strongly	associated	with	BK	nephropathy.	BK	viruria
greater	than	1,000,000	copies	is	associated	with	BK	nephropathy.	The	next	step	is	a	kidney	transplant
biopsy,	which	is	the	gold	standard	to	confirm	the	diagnosis	and	see	the	degree	of	nephropathy.

	10.	 What	does	the	kidney	biopsy	show	in	BK-associated	nephropathy?
Biopsy	remains	the	gold	standard	for	the	diagnosis	of	BK-associated	nephropathy.	BK	virus	can	in-
duce	a	number	of	characteristic	changes	on	kidney	biopsy,	including	intranuclear	viral	inclusions,	tu-
bular	injury/tubulitis,	and	tubulointerstitial	inflammation.	Because	none	of	these	kidney	biopsy	findings
are	pathognomonic	for	BK-associated	nephropathy,	the	diagnosis	must	be	confirmed	by	demonstrating
antibodies	against	BK	with	immunohistochemistry.

	11.	 What	does	urine	cytology	show	in	BK-associated	nephropathy?
Cytologic	examination	of	the	urine	can	detect	BK-infected	cells	(“decoy	cells”).	These	characteristic
cells	have	enlarged	nuclei	with	a	single,	basophilic,	intranuclear	inclusion.	Identification	of	decoy	cells
is	sensitive,	but	not	specific,	for	the	diagnosis	of	BK-associated	nephropathy.

	12.	 What	is	the	treatment	for	BK-associated	nephropathy?
The	goal	in	treating	BK-associated	nephropathy	is	to	eradicate	the	virus	while	maintaining	kidney
function	 and	 preventing	 acute	 or	 chronic	 rejection.	 Most	 treatments	 of	 BK-associated	 nephropathy
involve	 reducing	 immunosuppression	 to	 permit	 native,	 immune-mediated	 handling	 of	 the	 BK	 virus.
Possible	 strategies	 include	 discontinuation	 of	 a	 single	 immunosuppressive	 agent,	 reduction	 of	 dos-
ages,	and	steroid	avoidance.	Antiviral	therapy	with	leflunomide	or	cidofovir	has	been	used	in	conjunc-
tion	with	decreasing	immunosuppressants	in	some	instances.	IVIG	also	has	been	used,	particularly	in
patients	with	concomitant	acute	rejection.

	13.	 Can	patients	with	graft	failure	resulting	from	BK	nephropathy	be	retransplanted?
Yes.	Transplant	nephrectomy	is	usually	not	indicated.	Ideally	the	BK	viral	load	should	be	undetectable
in	the	serum	by	PCR	at	the	time	of	transplant.

	14.	 Discuss	CMV,	including	risk	factors	for	the	development	of	CMV	infections	post	transplantation.
CMV	is	a	member	of	the	genus	Herpesvirus	and	belongs	to	the	family	Herpesviridae.	It	is	composed	of
a	double-stranded	DNA	genome.	Exposure	to	the	virus,	as	indicated	by	immunoglobulin	G	anti-CMV
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antibodies,	is	present	in	more	than	two-thirds	of	donors	and	recipients	prior	to	transplantation.	CMV
can	be	transmitted	from	the	donor	either	by	blood	transfusions	or	by	the	transplanted	kidney.	Symp-
tomatic	CMV	infection	occurs	in	20%	to	60%	of	all	transplant	recipients	and	is	a	significant	cause	of
morbidity	and	mortality.

Risk	factors	associated	with	the	development	of	CMV	infections	post	transplantation	include
lymphocyte-depleting	induction	therapy,	high-dose	MMF,	and	the	absence	of	adequate	antiviral
prophylaxis.

	15.	 What	groups	are	at	highest	risk	from	CMV	infections?
Historically,	groups	who	are	CMV	donor	positive	and	CMV	recipient	negative	(CMV	D1/R-)	are	at	greatest
risk	for	severe	“primary”	infection	during	the	first	3	months	post	transplantation.

	16.	 Besides	infection,	what	other	ways	does	CMV	infection	affect	the	transplant	recipient?
CMV	has	been	associated	with	atherosclerosis	and	chronic	allograft	rejection.	CMV	is	associated	with
several	other	vascular	injuries,	including	transplant	glomerulopathy,	hemolytic	uremic	syndrome,
thrombotic	microangiopathy,	and	transplant	renal	artery	stenosis.

	17.	 How	do	you	diagnose	CMV	disease	in	a	kidney	transplant	recipient?
CMV	infection	implies	the	detection	of	CMV	via	culture	or	PCR.	By	comparison,	CMV	disease	requires
clinical	signs	and	symptoms,	in	addition	to	viral	detection.	The	clinical	signs	and	symptoms	of	CMV
disease	include	fever,	leukopenia,	or	organ	involvement	(hepatitis,	pneumonitis,	colitis,	chorioretinitis,
etc.).	The	quantitative	assessment	of	viral	load	via	PCR	can	help	determine	the	clinical	phenotype.
CMV	DNA	levels	.500	copies/mmg	of	total	DNA	in	peripheral	blood	correlates	with	clinically	evident
disease.

	18.	 What	are	the	prophylactic	strategies	for	CMV	infection?
There	are	two	strategies	for	CMV	prevention;	antiviral	prophylaxis	and	preemptive	monitoring/therapy.
Antiviral	prophylaxis	means	giving	valganciclovir	without	any	evidence	of	CMV	infection	or	viremia.
Preemptive	monitoring/therapy	means	reserving	antiviral	therapy	for	patients	who	develop	CMV
viremia.	Preemptive	monitoring	is	associated	with	lower	drug	costs	and	adverse	toxicities.	However,
there	are	increased	laboratory	surveillance	and	logistical	labor.	Antiviral	prophylaxis,	on	the	other
hand,	is	more	expensive	and	puts	patients	at	risk	for	drug	toxicity	but	is	associated	with	decreased
reactivation	of	other	herpesvirus,	lower	rates	of	opportunistic	infections,	and	allograft	loss.	The	drug
of	choice	for	prophylaxis	is	valganciclovir.	The	duration	of	CMV	prophylaxis	depends	on	the	CMV
serology	of	the	donor	and	recipient.	D1/R-	prophylaxis	lasts	6	months,	and	all	others	last	3	months.

	19.	 What	is	the	treatment	for	CMV?
Ganciclovir	and	valganciclovir	are	the	most	commonly	used	agents	for	the	treatment	of	CMV	infection.
Both	drugys	must	be	dosed	based	on	renal	function.	Valganciclovir	is	indicated	in	patients	with	mild	to
moderate	disease.	The	treatment	dose	with	normal	kidney	function	is	900	mg	twice	daily.	The	dose
needs	to	be	reduced	in	kidney	failure.	Ganciclovir	is	indicated	in	more	severe	disease,	those	with	high
viral	load,	or	those	with	questionable	gastrointestinal	absorption.	Treatment	is	usually	continued	until
the	viral	load	is	undetectable	for	2	weeks,	then	the	patient	is	switched	to	1	to	3	months	of	prophylactic
therapy.	If	the	viral	load	does	not	change	with	appropriately	dosed	ganciclovir	after	2	to	3	weeks,	then
ganciclovir	resistance	should	be	assessed	by	viral	genotype	testing.	If	resistance	is	discovered,	the
usual	strategy	is	to	increase	the	ganciclovir	dose	or	use	foscarnet	or	cidofovir.	However,	these	are
nephrotoxic.	The	other	aspect	of	treatment	is	the	careful	reduction	of	immunosuppression.

	20.	 What	is	Epstein-Barr	virus	(EBV)	and	what	posttransplantation	condition	is	it	associated	with?
EBV	 is	a	member	of	 the	herpesvirus	 family	and	one	of	 the	most	common	human	viruses.	Most	people
become	infected	with	EBV	sometime	during	their	lives.	It	can	flourish	in	the	setting	of	immunosuppression
and	is	associated	with	PTLD.

	21.	 Discuss	vaccinations	in	reference	to	kidney	transplantation.
Live	vaccines	are	contraindicated	after	transplantation	and	should	be	administered	prior.	If	a	live
vaccine	is	given	prior	to	transplantation,	the	patient	cannot	be	on	immunosuppression	and	therefore
transplanted	for	a	minimum	of	4	weeks.	Inactivated	vaccines	can	be	given	post	transplant.	The	time
frame	to	be	able	to	receive	a	vaccination	post	transplant	is	3	to	6	months.	Close	contacts	should	also
be	appropriately	vaccinated.	Table	60.1	shows	a	table	of	commonly	questioned	vaccinations.

The	inhaled	influenza	vaccine	is	a	live	attenuated	vaccine	and	is	contraindicated.	Patients	trav-
eling	abroad	should	consider	visiting	a	travel	clinic	for	appropriate	vaccinations	and	prophylaxis	as
needed.
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Table 60.1. Vaccine Timing and Transplant

VACCINE
INACTIVATED/LIVE  
ATTENUATED

GIVE PRIOR OR AFTER  
TRANSPLANTATION

Influenza	(injected) Inactivated Both

Hepatitis	B Inactivated Both	but	preferably
completed	prior	to	transplant

Tetanus Inactivated Both

Pertussis	(Tdap) Inactivated Both

Streptococcus pneumoniae Inactivated Both

Neisseria meningitidis Inactivated Both

Rabies Inactivated Both

Measles-Mumps-Rubella	(MMR) Live	Attenuated Only	Prior

Varicella Live	Attenuated Only	Prior

Human	Papilloma	Virus Inactivated Both

	22.	 Is	hepatitis	C	treatable	post	kidney	transplant?
Yes.	Interferon	alpha	and	ribavirin	are	contraindicated	post	transplant.	Direct-acting	antiviral	agents	
(DAAs)	can	be	used	in	the	kidney	transplant	population	with	an	estimated	glomerular	filtration	rate	
.30	mL/min.	This	has	also	increased	the	use	of	hepatitis	C–positive	kidneys	in	transplantation,	in-
creasing	the	transplant	rate.	A	patient	with	hepatitis	C,	if	not	overtly	cirrhotic,	can	be	listed	for	a	hepa-
titis	C	kidney,	which	has	a	substantially	shorter	wait	time.	They	are	treated	post	transplant	with	DAAs.	
Studies	are	being	developed	to	look	at	transplanting	organs	from	Hepatitis	C	positive	donors	to		
hepatitis	C	negative	recipients.	The	recipients	would	be	treated	for	Hepatitis	C	posttransplant.

	23.	 What	are	the	requirements	for	a	human	immunodeficiency	virus	(HIV)-infected	individual	to	qualify	
for	a	transplant?
Well-controlled	HIV	with	CD4	counts	.200	cells/mmL,	undetectable	viral	load,	and	the	absence	of	
untreatable	infection	or	malignancy.	There	must	be	great	care	taken	in	these	patients	because	their	
antiretroviral	medications	have	significant	interactions	with	transplant	medications.

	24.	 What	central	nervous	system	infections	are	of	particular	concern	in	patients	who	have	undergone	
solid	organ	transplant?
•	 Listeria	meningitis
•	 Herpes	simplex	virus	encephalitis
•	 JC	virus–induced	PML
•	 Cryptococcus neoformans	meningitis

	1.	 Nosocomial	and	surgery-related	infections	are	the	predominant	infections	that	occur	within	the	first	
month	post	transplantation.

	2.	 Although	the	human	polyomaviruses	are	highly	seroprevalent	in	humans,	they	appear	to	cause	clinical	
disease	only	in	immunocompromised	hosts.

	3.	 The	goal	in	treating	BK-associated	nephropathy	is	to	eradicate	the	virus	while	maintaining	kidney	
function	and	preventing	acute	or	chronic	rejection.

	4.	 CMV-positive	donor	to	CMV-negative	recipient	(CMV	D1/R-)	transplants	are	at	greatest	risk	for	
severe	“primary”	infection	during	the	first	3	months	post	transplantation.	However,	CMV	D1/R1	
group	and	not	the	D1/R-	group	has	the	worst	graft	and	patient	survival	at	3	years.	This	could	be	
secondary	to	increased	vigilance	in	monitoring	the	CMV	D1/-	group.

	5.	 Epstein-Barr	virus	can	flourish	in	the	setting	of	immunosuppression	and	is	associated	with	the	
majority	of	posttransplant	lymphoproliferative	disorder.

	6.	 Live	vaccines	are	contraindicated	post	transplant.

KEY POINTS
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	 1.	 What	are	the	risk	factors	for	cardiovascular	disease	(CVD)	in	patients	receiving	a	kidney	transplant?
See Table 61.1.

	 2.	 Are	statins	beneficial	in	patients	receiving	kidney	transplant?
Statins are the treatment of choice, and studies show there is a benefit to using them in the kidney 
transplant population. The incidence of dyslipidemia is high in kidney transplant patients secondary  
to immunosuppressive medications, proteinuria, transplant dysfunction, and the higher incidence of 
metabolic syndrome and new-onset diabetes after transplant. Various trials have shown improved 
cardiovascular outcomes with the use of lipid therapy in patient with chronic kidney disease. The As-
sessment of Lescol in Renal Transplantation (ALERT) study aimed to see if statin therapy reduced the 
primary outcome of a major cardiovascular event, including cardiac death or a cardiac intervention. 
The trial did not reach this primary end point due to insufficient power but did show a reduction in 
nonfatal myocardial infarctions. In the extended follow-up of ALERT participants, the incidence of ma-
jor adverse cardiac events was reduced in patients treated with statin; however, there was no differ-
ence in patient mortality or allograft function. A Cochrane Database review stated that statins may  
reduce cardiovascular events in kidney transplant patients. However, statin treatment had no clear 
benefit in affecting overall mortality, stroke rate, kidney function, and toxicity outcomes in kidney 
transplant patients.

Statin use is associated with decreased proteinuria, decreased C-reactive protein, and decreased 
interstitial fibrosis incidence in transplant protocol biopsies, all which may confer additional benefit.

	 3.	 Which	patients	should	be	started	on	a	statin	post	transplant?
If a patient is younger than 30 years without established atherosclerotic cardiovascular disease (ACVD) 
or diabetes, then based on the benefit-to-risk ratio, the patient can start a statin. Ideally all kidney 
transplant patients older than 30 years should be considered for a statin.

	 4.	 How	do	we	monitor	lipid	levels?
Patients should have an initial lipid profile checked. The American College of Cardiology recommends follow-
up in 4 to 12 weeks for compliance and then at least yearly lipid profile checks. Kidney Disease Improving 

Table 61.1. Risk Factors for Cardiovascular Disease

TRADITIONAL TRANSPLANT RELATED CONDITIONAL

Age Immunosuppression Homocysteine

Male sex CKD CRP

Family history Proteinuria AGEs

Obesity Anemia

Diabetes

Hypertension

Hyperlipidemia

Tobacco abuse

AGEs, Advanced glycosylated end products; CKD, chronic kidney disease; CRP, 
C-reactive protein.
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Global Outcomes (KDIGO) guidelines differ in that they do not require to repeat lipid profiles, because the indi-
cation for treatment is the higher cardiovascular risk, not the low-density lipoprotein (LDL) level.

	 5.	 What	are	the	goals	of	lipid	lowering	therapy?
In the general population, target goals for the lipid profile have been replaced by the aim of ther-
apy being to reduce ACVD risk. As mentioned earlier, KDIGO guidelines follow with this. However, 
although the KDIGO guidelines do not require repeat lipid profiles, it might be prudent to recheck 
a lipid profile after statin therapy to confirm compliance, response to therapy, and reevaluation 
ACVD risk.

	 6.	 Are	there	any	risks	of	statin	use	in	transplant	recipients?
Yes. Most statins are metabolized by the same cytochrome P450 system (CP3A4) as calcineurin inhib-
itors (CNIs). As a consequence, CNIs (particularly cyclosporine) may accumulate in plasma and may be 
associated with a greater frequency of rhabdomyolysis. Data on tacrolimus are sparse, although phar-
macokinetic studies on concomitant atorvastatin and tacrolimus therapy did not demonstrate signifi-
cant interactions. Fluvastatin and pravastatin may be safer because they are metabolized through 
non-CP3A4 mechanisms. Fluvastatin, pravastatin, rosuvastatin, simvastatin, and atorvastatin have all 
been used in kidney transplant patients. These patients should be closely monitored for side effects 
from statin therapy. It is important to note that cyclosporine inhibits the metabolism of statins, and so 
the statin dose is usually kept low and not aggressively titrated up.

	 7.	 What	are	the	causes	of	hypertension	(HTN)	in	patients	who	have	undergone	kidney	transplant?
• Primary HTN
• Secondary HTN related to native kidneys
• Recipient factors, including male gender, genetic profile, metabolic syndrome, and diabetes
• Donor factors, inducing HTN history, age, allograft quality, and donor-recipient size discrepancy
• Immunosuppression in particular CNIs
• Kidney allograft dysfunction
• Allograft vascular compromise
• Obstructive sleep apnea
• Kidney artery stenosis

	 8.	 What	is	the	optimal	blood	pressure	medication	for	kidney	transplant	recipients?
Because there is no evidence that a particular class of antihypertensive agents is more effective than 
other classes, the choice of medications should be individualized and based on various comorbidities. 
Calcium channel blockers (CCBs) are an attractive first-line agent, mainly because they counteract the 
vasoconstrictive effects of CNIs. CCB use may cause untoward effects, particularly nondependent 
edema and worsening proteinuria. In addition, CNI doses may need reduction with the use of nondihy-
dropyridine CCBs.

The use of angiotensin-converting enzyme (ACE) inhibitors/angiotensin receptor blockers (ARBs) 
in kidney transplant recipients is safe. However, the effectiveness has been questioned. Hiremath  
et al. performed a meta-analysis of eight trials involving a total of 1502 patients, with only two trials 
going beyond 5 years. The study did not show an improvement in kidney outcomes. Other studies 
have shown the use of ACE inhibitors/ARBs has been associated with prolonged allograft and patient 
survival. In summary, ACE inhibitors/ARBs should be used thoughtfully, weighing the pros and cons in 
the transplant patient.

Because the combination of afferent arteriolar vasoconstriction from CNI and efferent arteriolar 
vasodilation as a result of renin-angiotensin system (RAS) blockade can predispose to acute kidney 
injury, we routinely advise our patients to discontinue their ACE inhibitors/ARBs if they are acutely ill 
and at risk for volume depletion. In addition, we advise postponing the addition of RAS blockers  
until 3 months post transplantation to avoid superfluous kidney biopsies.

Beta blockers should be considered in all kidney transplant patients with CVD. Diuretics can be 
used to control volume-mediated HTN and to enhance the antihypertensive effects of ACE inhibitors/
ARBs. These drugs help with volume control and augment urine output. Thiazide-type diuretics are 
particularly effective at countering CNI-induced hyperkalemia. Alpha-1 blockers and centrally acting 
agents may be necessary to achieve blood pressure goals.

	 9.	 What	is	the	blood	pressure	goal	for	kidney	transplant	recipients?
Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines suggest a blood pressure goal of less 
than 130/80 mm Hg for all kidney transplant recipients.
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	10.	 What	is	NODAT?
NODAT is an acronym for new-onset diabetes after transplantation. The prevalence of NODAT is any-
where from 15% to 30%, with the majority of cases occurring shortly after transplant. The major  
risk factors are divided into nonmodifiable (age, male sex, genetics, polycystic kidney, race, previous 
glucose intolerance) and modifiable (obesity, sedentary lifestyle, metabolic syndrome, immunosup-
pression with steroids, CNIs, and sirolimus). Oral agents are typically used to manage NODAT.  
The patient should also be advised on a healthier lifestyle. Goal of therapy is a hemoglobin (HbA1c) 
less than 7%.

	11.	 Should	all	patients	who	have	received	kidney	transplant	be	screened	and	counseled	on	tobacco	use?
Yes. The same strategies to prevent and treat tobacco use in the general population should be applied 
to all transplant recipients. Smoking at the time of transplantation is associated with graft failure and 
death. In addition, smoking has been associated with posttransplantation malignancies. Kidney trans-
plant recipients who stopped smoking more than 5 years before transplantation had a 34% risk re-
duction in cardiovascular events. There are no interactions between immunosuppressive medications 
and tobacco cessation medications that would obviate their administration.

	12.	 Should	kidney	transplant	recipients	be	screened	and	counseled	on	obesity?
Yes. Obesity is independently associated with cardiovascular events and mortality in kidney transplant 
recipients. In addition, obesity can predispose to insulin resistance, diabetes, and reduced graft survival. 
Diet and other behavior modifications are safe and may help reduce weight, eventually improving  
long-term graft survival. Weight loss guidance and support is necessary in all transplant recipients who 
are overweight.

	13.	 What	is	the	role	of	acetylsalicylic	acid	(ASA)	prophylaxis	in	transplant	recipients?
In the general population, daily ASA (aspirin) use decreases cardiovascular events in patients at high 
risk of CVD. In patients receiving kidney transplant, low-dose aspirin therapy is associated with  
improved allograft function and prolonged allograft survival. The current guidelines recommend the 
use of aspirin dosed from 65 to 325 mg/daily for primary and secondary prevention of CVD in the  
kidney transplant recipient with CVD, diabetes, or other risk factors. The institution of daily ASA  
therapy for all patients receiving kidney transplant should be weighed against the higher risk of  
gastrointestinal bleeding in this population.

	14.	 What	is	the	significance	of	proteinuria	in	kidney	transplant	recipients?
In patients who have received kidney transplant, proteinuria occurs in up to 45% of cases. It is associated 
with CVD events and mortality. A baseline level of urine protein should be obtained in the first month post 
transplantation, every 3 months in the first year post transplantation, and then annually. It is important to 
note the patient’s urine output prior to transplant, as diseased native kidneys can be a cause of posttrans-
plant proteinuria. Persistent proteinuria not from the native kidneys is a sign of allograft pathology, includ-
ing transplant glomerulopathy, interstitial fibrosis and tubular atrophy, de novo or recurrence of a primary 
nephrotic disease, and rejection. Mammalian target of rapamycin (mTOR) inhibitors may cause proteinuria. 
The gold standard for diagnosing the cause of the proteinuria is kidney transplant biopsy. In regards to 
treatment, RAAS blockade should be considered to reduce proteinuria.

	15.	 Is	mineral	bone	disease	common	in	the	kidney	transplant	population?
Yes. Chronic kidney disease–mineral bone disease (CKD-MBD) is common in kidney transplant  
recipients. Use of corticosteroids as part of the immunosuppressive regiment may further affect 
CKD-MBD management. Studies have demonstrated a rapid decrease in bone mineral density in the 
first 6 to 12 months after transplantation. In addition, fractures are common in kidney transplant  
recipients and are associated with substantial morbidity. Monitoring bone mineral density should be 
routine for all patients taking chronic corticosteroids. Monitoring parathyroid hormone is also  
important, particularly in the setting of high calcium. It takes 3 to 6 months for PTH to start to  
decrease. Bisphosphonate administration is often necessary to maintain and restore bone mineral 
density, particularly in the setting of chronic steroid and immunosuppressant use. Bisphosphonate 
use has not shown decreased fracture incidence.

	16.	 Is	nutritional	vitamin	D	deficiency	prevalent	in	the	kidney	transplant	population?
It is extremely prevalent. It is estimated that 56% of early kidney transplant patients are vitamin D  
deficient (12 to 39 nmol/L) and 12% are severely vitamin D deficient (,12 nmol/L). Vitamin D stores 
should be repleted as per general population guidelines.
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	17.	 When	is	the	best	time	to	vaccinate	a	transplant	recipient?
Ideally, patients who have received a transplant should receive all vaccinations prior to transplantation 
to provide the strongest native immunoprotection. If this is not possible, vaccinations should be  
administered when the immunosuppressant dosages are reduced (usually 6 to 12 months post 
transplantation). Influenza vaccinations should be given to all patients who have undergone trans-
plant and their close contacts. It is recommended that the influenza vaccine be given prior to the  
onset of the annual influenza season, provided the recipient is at least 1 month post transplant.  
If available, H1N1 vaccinations should be administered to all eligible kidney transplant recipients.

	18.	 What	vaccinations	should	not	be	given	to	patients	who	have	undergone	kidney	transplant?
In general, all live vaccines are contradicted in patients on immunosuppression. These include vaccines for 
varicella zoster; bacille Calmette-Guérin; smallpox; intranasal influenza; measles, mumps, and rubella; oral 
polio; and yellow fever.

	19.	 What	cancer	screening	does	a	kidney	transplant	patient	require?
Screening recommendations for breast, prostate, and colon cancers in transplant recipients mirror 
guidelines from the US Preventive Services Task Force. It is imperative, particularly with the higher 
risk of skin cancer in the kidney transplant patient, that they be seen by a dermatologist once a year.

	20.	 What	is	the	preferred	creatinine-based	glomerular	filtration	rate	(GFR)	estimation	equation	for	
monitoring	kidney	transplant	patients?
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation is preferred over the modification 
of diet in renal disease (MDRD) equation.

 1. Fluvastatin, pravastatin, and atorvastatin seem to have a more favorable safety profile in kidney 
transplant recipients.

 2. Because there is no evidence that a particular class of antihypertensive agents is more effective 
than other classes, the choice of medications should be individualized and based on various  
comorbidities.

 3. Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines suggest goal blood pressure less 
than 130/80 mm Hg for all kidney transplant recipients.

 4. NODAT should be carefully monitored for and develops in up to 54% of kidney transplant patients, 
particularly in the first 6 months.

 5. Studies have demonstrated a rapid decrease in bone mineral density in the first 6 to 12 months  
after transplantation.
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	 1.	 How	is	hypertension	defined	and	classified?
The Eighth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (Joint National Committee 8), published in 2014, continues to classify hyper-
tension by the degree of blood pressure (BP) elevation (Table 62.1A and B). The measurement must
be based on the average of at least two seated measurements on each of two or more office visits.
For children, hypertension is defined as systolic or diastolic BP greater than the 95th percentile of BP
for a given age, height, and gender, on repeat measurement.

While national and international guidelines have largely promoted uniform BP targets for all pop-
ulations (,140/90 for those younger than 80, ,150/90 for those older than 80), there is increasing
recognition that “goal” BP is patient and comorbid specific. For those with prior strokes, the range of
125 to 135/70 to 80 is desired, whereas 130 to 135/80 is adequate for those with non-proteinuric
kidney disease. Finally, among those at low-to-moderate risk for cardiovascular disease without
diabetes, 120 to 125/70 to 80 appears to provide maximal benefit. The 2017 ACC/AHA guidelines
define the systolic BP target of ,130/80 mm Hg for everyone except those with a ,10% 10-year
risk for cardiovascular (CV) events where it is still ,140/90.

	 2.	 What	is	the	appropriate	means	of	measuring	BP?
Measuring BP in the office should be performed with individuals seated for at least 5 minutes in a
chair with their feet on the ground and an arm supported at the level of the heart. An appropriate-
sized cuff with the cuff bladder encircling at least 80% but no more than 100% of the upper arm
should be used; attention should be paid to ensure the bladder covers the brachial artery. While the
“gold standard” remains a mercury sphygmomanometer, electronic (oscillometric) monitors have
grown in popularity, and are being utilized in both clinical trials and office-based practice. Ausculatory
oscillometric blood pressure (AOBP) devices were used in trials such as SPRINT and ACCORD, but they
provide readings that are 5 to 10 mm Hg systolic lower than conventional office measurements. Elec-
tronic units are simpler to use and can be set on a timer, which allows the provider to leave the room
(thereby reducing the white coat effect). Moreover, they do not have the environmental concerns of
mercury-based devices. However, many offices do not have a separate quiet room nor the time to
measure BP in this way.

	 3.	 Is	home	blood	pressure	monitoring	useful?
Home BP monitoring, or ambulatory BP monitoring, is better at predicting cardiovascular events
compared to office-based readings. Home BP is documented to improved BP control and patient
adherence with medications. It has also been validated against daytime 24-hour ABPM. Therefore
home BP should occupy a prominent role in the management of hypertension.

ABPM is used to rule out both white-coat and masked hypertension; BP readings during periods
of dizziness or orthostasis can also aid in assessing the contribution of BP to such symptoms.

Wrist-based cuff devices are unreliable, and therefore upper arm (brachial) cuff units are pre-
ferred. While many units are available, validation and accuracy are not prerequisites for production;
therefore only rigorously tested machines should be purchased. The appropriate technique is like
that for ausculatory measurements. Machines should be rechecked annually by measuring pressures
against a validated unit.

	 4.	 What	is	the	prevalence	of	hypertension	in	the	United	States?	How	well	is	hypertension	controlled
among	those	with	a	diagnosis	of	hypertension?
The prevalence of hypertension rises with age so those at age 80 have a 90% chance of being hyper-
tensive. According to the most recent (2014) National Health and Nutrition Examination Survey (NHANES)
data, nearly one-third of Americans over the age of 18 suffer from hypertension, with the disease affect-
ing two-thirds of those above age 60. The rates among men and women are similar. Hypertension is
more common among African Americans (42%) than among Caucasians, Hispanics, and those of Asian
ancestry (25% to 28%).
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Awareness, treatment, and control of hypertension continue to rise but remain suboptimal. As at 
2012, awareness rates were at 80%, treatment at 75%, and control rates at 53%.

	 5.	 What	is	the	appropriate	initial	evaluation	for	individuals	with	hypertension?
In the absence of end organ damage, care should be taken to ensure the patient has sustained eleva-
tions in BP. This is particularly important in geriatric patients who are prone to white-coat hypertension 
and high BP variability due to high sodium intake. Young people, including pregnant women, should  
be closely evaluated given the lifelong implications of treatment and potential adverse fetal effects of  
antihypertensive therapy. Home BP readings are an excellent source of collateral information, but  
24-hour ambulatory BP monitoring also can be performed.

Once sustained hypertension is documented, easily correctable causes of hypertension should 
be sought. The key to this is to evaluate for secondary causes of hypertension, the most common  
of which is primary hyperaldosteronism. Thus, one should ask about a history of hypokalemia that did 
not easily correct with supplements. Lifestyle factors, such as a high-salt diet, are a common cause  
of hypertension and can produce hypokalemia, although this is easily correctable with potassium  
supplements and low-sodium diet. Excessive alcohol intake, physical inactivity, and sleep/obstructive 
sleep apnea are important lifestyle issues to note as well, and they contribute to resistant hyperten-
sion. Common medications with hypertensive effects include nonsteroidal antiinflamatory drugs, oral 
contraceptives, stimulants, and perhaps decongestants and herbal supplements. Obesity, while a 
modifiable risk factor, is usually difficult for the patient to correct.

Traditional “secondary” causes, such as Cushing disease, primary hyperaldosteronism (most 
common cause), pheochromocytoma, thyroid disease, and renal artery stenosis, should be evaluated 
based on clinical suspicion. Finally, it should be standard practice to check the patient’s electrolyte 
levels, kidney function, and urine for albumin; assays for cholesterol and impaired glucose tolerance 
serve to further stratify the patient’s overall CV risk.

	 6.	 What	is	the	appropriate	initial	therapy	for	individuals	with	diagnosed	hypertension?
Initial therapy is predicated on age, ethnicity, body habitus, and kidney function. Comorbid conditions 
may also mandate specific agents as particular classes offer additional salutary effects more than 
those attributable to BP lowering alone.

As outlined above, easily correctable causes of hypertension, such as diet, sleeping habits, and 
medications, should be addressed. Thereafter, among otherwise healthy individuals with persistent 
stage I hypertension, monotherapy with either a calcium channel blocker, thiazide-like diuretic 

Table 62.1A. �Classification�for�Adults�18�Years�or�Older�with�Elevated�Blood�
Pressure

BP CATEGORY SBP DBP

Normal ,120 mm Hg and ,80 mm Hg

Elevated 120–129 mm Hg and ,80 mm Hg

Hypertension
Stage 1 130–139 mm Hg or 80–89 mm Hg

Stage 2 140–159 mm Hg or 90–99 mm Hg

Stage 3 $160 mm Hg or $100 mm Hg

Table 62.1B. �Classification�for�Adults�18�Years�or�Older�with�Elevated�Blood�
Pressure

HYPERTENSION STAGE SBP DBP

Prehypertension 120–139 mm Hg Or 80–89 mm Hg

Stage I 140–159 mm Hg Or 90–99 mm Hg

Stage II $160 mm Hg Or $100 mm Hg

BP, Blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.

DBP, Diastolic blood pressure; SBP, systolic blood pressure.
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(chlorthalidone, indapamide), or a blocker of the renin-angiotensin system are considered first-line 
therapies. Those with diabetic nephropathy or heart failure should receive ACEi iARB therapy. b-blockers 
are not indicated for BP-lowering therapy, but they are the preferred agents for those with heart failure, 
arrhythmia, or recent myocardial infarction.

	 7.	 What	are	the	most	common	side	effects	of	antihypertensive	that	patients	should	be	alerted	to	
prior	to	starting	therapy?
While patients should be alerted to and continuously surveyed for the adverse medication effects 
(listed below), it is important to stress that such effects are uncommon and not to be expected.
• Diuretics: photosensitivity, rash, hypokalemia, hyperuricemia/gout, impaired glucose tolerance, 

erectile dysfunction, orthostatic hypotension
• ACEi: cough, hyperkalemia, angioedema, small elevations in creatinine due to hemodynamic 

changes
• ARBs: hyperkalemia, cough (rarely), and angioedema (controversial), elevations in creatinine
• Dihydropyridine calcium channel blockers (amlodipine and others): lower-extremity edema, 

flushing, headache, gingival hyperplasia
• Non-dihydropyridine calcium channel blockers (diltiazem, verapamil): headache, edema, 

fatigue, constipation, gingival hyperplasia
•	 b-blockers: bronchospasm, hypoglycemic unawareness (among those with diabetes), weight gain, 

unmasking of peripheral vascular disease; it is unclear if b-blockers cause depression or erectile 
dysfunction

•	 a-blockers: urinary incontinence, orthostatic hypotension.

	 8.	 What	is	the	pathophysiology	of	primary	hypertension?
The genesis of primary hypertension is not completely understood. Primary hypertension demon-
strates a polygenic pattern of inheritance, and it is clear that multiple environmental and genetic 
factors coalesce. While BP is the product of systemic vascular resistance and cardiac output, the  
final common pathway is an elevation in systemic vascular resistance. Multiple lines of investiga-
tion have linked derangements in the kidney, vasculature, central and systemic nervous system, 
immune system, and cardiovascular system to the generation and maintenance of systemic hyper-
tension. Heightened sympathetic tone, increases in total body sodium, and excess activation of the 
renin-angiotensin-aldosterone axis, among others, remain the commonly cited drivers of increased 
vascular tone. More recently, imbalances between endogenous vasoconstrictors, such as endothe-
lin, and vasodilators such as nitric oxide have been implicated.

	 9.	 Why	are	thiazide-type	diuretics	one	of	the	first-line	agents	for	stage	I	primary	hypertension?
Among the current classes of antihypertensive agents, thiazide and thiazide-type diuretics are both 
the oldest and most evidence-based, showing consistent decreases in morbidity and mortality in 
large, randomized, controlled trials. While low-dose (12.5 to 25 mg) hydrochlorothiazide (HCTZ) is  
the most frequently prescribed thiazide at present, landmark and more recent trials demonstrate the 
superiority of chlorthalidone (25 mg), indapamide (2.5 mg), or higher dose HCTZ (50 to 100 mg) on 
cardiovascular outcomes. Moreover, given the contributions of sodium to volume-mediated hyperten-
sion, particularly in the “salt-sensitive” elderly and African American populations, agents that promote 
natriuresis are particularly effective.

	10.	 Why	are	blockers	of	the	renin-angiotensin	system	preferred	in	individuals	with	diabetic		
nephropathy?
ACE inhibitors and ARBs are the preferred antihypertensive therapy in those with greater than 300 mg 
of albuminuria a day from diabetes. Such agents slow the progression of chronic kidney disease (CKD) 
more than other medication classes despite similar reductions in BP. Clinical trials in patients with 
Stage 3 and 4 CKD evaluating these agents in both type 1 and type 2 diabetes demonstrated greater 
slowing than conventional BP-lowering therapy. While there is slightly more evidence for ARB than ACE 
inhibitor therapies, their efficacy is felt to be related to a similar mechanism of action, so that agents 
from each class are considered therapeutic equivalents.

	11.	 What	is	salt-sensitive	hypertension?	What	is	the	effect	of	dietary	salt	restriction	on	BP?
Salt resistance/sensitivity refers specifically to the effect of dietary sodium chloride (salt) intake on BP. 
Increased dietary salt intake promotes an early and uniform expansion of extracellular fluid volume 
and increased cardiac output. To compensate for these hemodynamic changes and to maintain con-
stant BP with high sodium intake, peripheral vascular resistance falls and is associated with an in-
crease in production of nitric oxide. Among those who are salt sensitive, the decline in peripheral  
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Approximate Impact on SBP

NON- 
PHARMACOLOGIC  
INTERVENTION DOSE HYPERTENSION NORMOTENSION

Physical 
activity

Aerobic • 90–150 min/
week

• 65%–75% heart 
rate reserve

-5/8 mm Hg -2/4 mm Hg

vascular resistance and the increase in nitric oxide are impaired or absent in salt sensitivity, promot-
ing an increase in BP in these individuals.

Salt-sensitive hypertension has variable definitions, but is conventionally defined as an increase 
in systolic BP of $10 mm Hg in response to 6 g of dietary salt loading. Salt-sensitive hypertension is 
most prevalent in African Americans, the obese, the elderly, those with high pulse pressure (i.e., $70), 
and those with CKD. Among those with a salt-rich diet, changing to a sodium-restricted diet has con-
sistently lowered BP. This salt-restricted diet is particularly useful in people with resistant hyperten-
sion. It also enhances of the antihypertensive effects of diuretics, ACE inhibitors, and ARBs. Current 
guidelines recommend diets containing no more than 100 mEq of sodium (2.3 g) per day, a target be-
low the 3.4 g consumed by most Americans.

	12.	 When	should	a	secondary	cause	of	hypertension	be	suspected	and	evaluated?
Evaluation for secondary causes of hypertension should be initiated based on history, physical exam, 
laboratory results, or clinical suspicion.

Anyone with difficult-to-correct or persistent hypokalemia should be suspected of secondary 
hypertension. Primary hyperaldosteronism is the most common cause of secondary hypertension. It 
is usually a bilateral adrenal hyperplasia. Not all patients have hypokalemia, and this may present 
with low normal potassium levels. Hypercortisolism (Cushing’s syndrome or disease) is a relatively 
rare form of secondary hypertension and shows a strong female predominance. It presents with a 
picture of central obesity and thin extremities, which is different from obesity, and, biochemically, 
will be associated with hypokalemia and metabolic alkalosis. It can easily be mistaken for primary 
aldosteronism until the hormone levels for aldosterone and cortisol are obtained. Pheochromocyto-
mas are also an uncommon form of secondary hypertension. Incidental adrenal masses are fre-
quently found by computed tomography scan, but very few have biochemical evidence for a pheo-
chromocytoma. Clinical signs of a pheochromocytomas include labile BP and orthostatic hypotension, 
findings that are also associated with poor sleep quality, and this should always be sought in the  
patient’s history. Additional symptoms include waking in the night with very high pressures and 
sweats; in fact, it is the most common secondary cause of hypertension associated with orthostatic 
hypotension. Apart from fibromuscular dysplasia, renal artery stenosis is a manifestation of athero-
sclerotic disease found in patients with extensive atherosclerosis either from hypercholesterolemia 
or from smoking.

	13.	 How	does	obesity	contribute	to	hypertension?
The association between obesity and hypertension has been known since the days of the Framingham 
Heart Study. However, a causative role was unclear considering the long-standing view that adipose 
tissue was a hormonally and metabolically inert substance. More recent evidence suggests a direct 
role of visceral obesity in the development and maintenance of hypertension—a process driven by  
elevations in leptin and aldosterone. Leptin is synthesized and secreted by adipocytes and upregulates 
sympathetic activity. Visceral fat also produces angiotensin, which serves as a substrate in the renin 
angiotensin aldosterone system, and ultimately leads to higher circulating aldosterone levels. Eleva-
tions in aldosterone levels and enhanced sympathetic activity ultimately promote urinary sodium  
retention, and, thus, hypertension. Finally, obesity suppresses adiponectin, a natriuretic hormone.

In addition to obesity, there are a number of lifestyle issues discussed in this chapter that can 
directly reduce BP if done consistently (Table 62.2).

Table 62.2. Lifestyle�Issues�that�Can�Directly�Reduce�Blood�Pressure
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Approximate Impact on SBP

NON- 
PHARMACOLOGIC  
INTERVENTION DOSE HYPERTENSION NORMOTENSION

Dynamic Resistance • 90–150 min/
week

• 50%–80% 1 rep 
maximum

• 6 exercises,  
3 sets/exercise, 
10 repetitions/set

-4 mm Hg -2 mm Hg

Isometric Resistance • 4 3 2 minutes 
(hand grip),  
1 minute rest be-
tween exercises, 
30%–40% maxi-
mum voluntary 
contraction,  
3 sessions/week

• 8–10 weeks

-5 mm Hg -4 mm Hg

Healthy 
diet

DASH dietary pattern Diet rich in fruits, 
vegetables, whole 
grains, and low-fat 
dairy products with 
reduced content of 
saturated and total 
fat

-11 mm Hg -3 mm Hg

Weight 
loss

Weight/body fat Ideal body weight is 
the best goal, but at 
least 1 kg reduction 
in body weight for 
most adults who are 
overweight

-5 mm Hg -2/3 mm Hg

Reduced 
intake of 
dietary
sodium

Dietary sodium ,1500 mg/day is 
the optimal goal but 
at least 1000 mg/
day
reduction in most 
adults

-5/6 mm Hg -2/3 mm Hg

Enhanced 
intake of 
dietary po-
tassium

Dietary potassium 3500–5000 mg/day, 
preferably by con-
sumption of a diet 
rich in potassium

-4/5 mm Hg -2 mm Hg

Moderation 
in alcohol 
intake

Alcohol consumption In individuals who 
drink alcohol, re-
duce alcohol to:
• Men: #2 drinks 

daily
• Women: ,1 

drink daily

-4 mm Hg -3 mm Hg

DASH, Dietary Approaches to Stop Hypertension; SBP, systolic blood pressure.

Table 62.2. Lifestyle�Issues�that�Can�Directly�Reduce�Blood�Pressure—cont’d
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 1. Traditionally, BP is measured in the office setting by mercury or aneroid BP devices; however, elec-
tronic (oscillometric) devices are being used in influential studies and are gaining acceptance as an 
alternative.

 2. Home BP monitoring is better than office BP monitoring and is equivalent to ambulatory daytime BP 
monitoring for predicting cardiovascular events as well as a useful adjunct to guide management 
and improve patient adherence.

 3. Ambulatory BP monitoring serves an important purpose to:
 a. exclude white coat hypertension
 b. define masked hypertension (BP elevated outside the office under high-stress conditions)
 c. help define the presence of dipping during sleep; and
 d. help define salt-sensitive-related elevations in BP

 4. Prior to evaluating for secondary causes of hypertension, a thorough evaluation for more common 
contributing causes—high-salt diet, sleep apnea—should be conducted.

 5. BPs below 140/90 mm Hg consistently reduce cardiovascular risk. More recent evidence suggests 
further mortality reductions with pressures as low as 120/80 in select populations.

Patients with advanced proteinuric kidney disease benefit from pressures below 130/80 mm Hg 
for cardiovascular risk reduction and, to a lesser degree, for additional CKD slowing. Among those  
with nondiabetic CKD, the high-quality Modification of Diet in Renal Disease and the African American 
Study of Kidney Disease and Hypertension (AASK) studies showed no benefit of lowering BP below 
130/80 mm Hg with respect to the progression of CKD. However, in post hoc analysis of the AASK  
trial, among those with heavy proteinuria, BPs ,130/80 offered additional benefit on slowing CKD 
progression.

There are no randomized trials evaluating the effects of different BP goals on the progres-
sion of diabetic nephropathy. Post hoc analysis suggests pressures of 130 to 140/80 to 90 are 
adequate, but prospective trials have yet to test this recommendation.

 6. Patients who have a history of hypokalemia while off diuretics and blockers of the renin angiotensin 
system should have a 24-hour urine for sodium and total creatinine if, after counseling regarding a 
low-sodium diet, they have recurring hypokalemia. Primary hyperaldosterism should be considered if 
the patient has ,2300 mg/day sodium intake.

 7. While agent selection is tailored to the needs of the individual patient, thiazide-like diuretics have 
the longest track record and are particularly useful in those with salt-sensitive hypertension, such 
as the elderly, African Americans, the obese, and those with CKD.
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	 1.	 What	is	the	epidemiology	of	hypertension?
Hypertension remains a common disease among Americans. Data from the National Health and
Nutrition Examination Survey reveal that 29% of Americans are hypertensive; this prevalence rate
has remained stable for the past 15 years. African Americans bear the highest burden, as over 41%
are hypertensive. Other racial groups (i.e. Whites, Asians, and Hispanics) demonstrate hypertension
prevalence of 25% to 28%. During this time period, blood pressure (BP) control has improved, largely
through the increased use of angiotensin converting enzyme (ACE) inhibitors, angiotensin receptor
blockers (ARB), and thiazide-type diuretics in single-pill or multiple-pill combinations. In 2001 to 2002,
only 45% of treated hypertensive patients achieved control, defined as BPs ,140/90 mm Hg (or
,130/80 mm Hg for diabetic patients or chronic kidney disease [CKD] patients [patients with estimated
glomerular filtration rates (GFR) ,60 mL/min per 1.73 m2 or urinary albumin concentrations .200 mg/g
creatinine]). By 2009 to 2010, 60% of treated hypertensive patients had achieved control. However, BP
control remains difficult for African Americans, Hispanics, patients with diabetes, and CKD patients. Com-
pared to Caucasians, African Americans and Hispanics are 1.4- and 1.3-fold less likely to achieve con-
trol. Again, the greater use of thiazide-type diuretics improves BP control for African Americans. Nearly
70% of treated hypertensive patients without significant comorbidities achieved control by 2009 to 2010,
though only approximately 45% of patients with either diabetes mellitus or CKD achieved control.

Obesity complicates hypertension treatment. A cross-sectional study of German hypertensive
patients showed that obese patients (i.e., patients with body mass indices $30 kg/m2) are 1.4- to
2-fold less likely to achieve BP control, compared to normal weight hypertensive patients. While
• 12% of Americans are currently diabetic

• by 2050, diabetic prevalence may increase to more than 25%
• 36.5% of Americans are currently obese

• by 2030, 41% may be obese, and 11% may be severely obese
• 15% of Americans suffer from CKD

• by 2030, the prevalence of CKD in adults over the age of 30 may be close to 50%
Recent epidemiologic studies confirm the association of albuminuria and poor BP control in

patients with CKD. In a study of 232 US veterans with CKD, proteinuria, not estimated GFR, was found
to be an independent predictor of systolic BP. Among the independent predictors of hypertension (age,
race, and number of antihypertensive medications), proteinuria most strongly correlated with hyper-
tension. Compared to estimated GFR, albuminuria (or proteinuria) is a stronger determinant of hyper-
tension; albuminuria is also a stronger determinant of poor BP control.

	 2.	 What	is	the	cardiovascular	disease	risk?
The World Health Organization estimates that hypertension is directly responsible for 13% of all
deaths worldwide, and its effect is largely independent of a country’s underlying wealth. The Center
for Disease Control and Prevention determined that hypertension-related deaths for Americans
45 years of age and older (i.e., hypertension was listed as a cause of death on death certificates) in-
creased 62% between 2000 and 2013, though, as a primary cause of death, hypertension remained
stable during this time period (17.5% of all deaths). The Prospective Studies Collaboration, a meta-
analysis of 1 million patients, showed that cardiovascular mortality risk began with BPs as low as
115/75 mm Hg, and, for patients 40 to 69 years old, each 20/10 mm Hg increase in BP increased
cardiovascular mortality 2-fold.

Whether a J-curve—the point at which low BPs treated within the physiologic range increase
cardiovascular risk—exists, is controversial. This is of interest, as the coronary arteries receive signifi-
cant perfusion during diastole; low diastolic BPs may predispose patients to adverse outcomes. The Pro-
spective Studies Collaboration did not note a J-curve, though older studies have, especially in hyperten-
sive patients with underlying cardiovascular disease who achieve diastolic BPs ,85 to 90 mmHg.
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CKD imparts increased cardiovascular risk as well. A large meta-analysis of nearly 267,000 pa-
tients with diabetes mellitus, hypertension, or cardiovascular disease showed that both low estimated
GFRs and albuminuria independently increased all-cause and cardiovascular mortality. Compared to
patients with an estimated GFR of 95, cardiovascular mortality risk increased 73% in patients with
an estimated GFR of 45, and increased 208% in patients with an estimated GFR of 15. Patients with
albumin-to-creatinine ratios of 10, 30, and 300 mg/g experienced a 13%, 55%, and 159% increase in
cardiovascular mortality risk, compared to patients with an albumin-to-creatinine ratio of 5 mg/g.

	 3.	 Should	diastolic,	systolic,	or	pulse	pressure	be	used	as	a	treatment	target?
Studies for more than 25 years old have consistently shown that systolic BPs correlate more closely
to cardiovascular outcomes and mortality than diastolic BPs, at least for older patients. However,
diastolic BPs do provide important prognostic information for younger patients (i.e., those younger
than 50 years). As patients age, arterial stiffening occurs, which impairs the buffering of the systolic
impulse and causes an increase in the reflected wave. With increased arterial stiffening, systolic
pressure rises and diastolic pressure falls.
• For patients ,50 years of age, every 10 mm Hg increase in diastolic BP increases relative cardio-

vascular risk by 34%.
• Patients $ 60 years of age, every 10 mm Hg increase in pulse pressure increases cardiovascular

risk 24%.
• Diastolic and systolic BPs provide equal cardiovascular risk information for patients 50 to 59 years of age.

Patients with CKD, despite being younger, often have increased arterial stiffness and systolic hy-
pertension. Arterial stiffness worsens with higher stages of kidney disease. Therefore among patients
with CKD, systolic hypertension should be the major target for treatment.

	 4.	 What	BP	measurement	technique	should	be	used?
Hypertension trials use standardized clinic blood measurements to assess the efficacy of treatment
regimens and BP targets. Data from these trials have been used to set BP treatment guidelines.
Unfortunately, in the day-to-day world of clinical practice, standardized clinic BPs are rarely obtained,
as they are technically demanding and time consuming. Improper techniques of measuring BPs corre-
lates poorly with ambulatory BPs, which is currently considered the gold standard for BP measure-
ment. A patient undergoing ambulatory BP monitoring wears a BP cuff for 24 hours. The BP data pro-
vided by 24-hour monitoring correlate more closely than clinic BPs, both routine and standardized, to
target organ damage and cardiovascular outcomes. Both the United States and the United Kingdom
advocate for the use of ambulatory BP monitoring when diagnosing patients with hypertension. Unfor-
tunately, ambulatory BP monitoring, while considered cost effective in hypertension management, still
remains largely relegated to clinical trials. An acceptable surrogate for ambulatory BP monitoring is
home BP monitoring. Patients performing home BP monitoring obtain BPs in their usual settings.
These data provide more information about kidney and cardiovascular risk than clinic BPs. Patients
should be advised to use validated monitors. Clinicians may find a list of validated monitors at the
Dabl Educational website (http://www.dableducational.org/index.html). A minimum of 12 BP recordings,
obtained over 1 week, should be used for clinical decision making.

A recent development in BP measurement technique is automated office BP monitoring. Automated
office BP measurements are obtained using either a BPTru or an Omron HEM-907. BPTru does not
require a period of seated rest whereas the Omron device can be programmed to measure BP only
after 5 minutes of seated rest is completed. With both devices, however, medical personnel are not in
the room during the measurement. Both are validated machines that are capable of measuring clinic
BP while a patient is sitting quietly alone in an examination room. Because medical personnel are
absent, the white coat effect (i.e., the artificially elevated BP caused by a patient’s alerting reaction in
the clinical setting) is avoided.

Automated office BPs are lower than routine and standardized clinic BPs, though each measure-
ment technique correlates poorly to ambulatory BP measurements. However, as a predictor of target or-
gan damage, automated office BP measurements are superior, as recently demonstrated in a trial of 275
veterans with CKD. Routine clinic BPs were measured after study participants had undergone echocar-
diography, and automated office BPs were measured using the Omron HEM-907 after participants had
rested quietly alone for 5 minutes. Three measurements, 30 seconds apart, were obtained and averaged.
Both routine clinic and automated office BP measurements did not predict daytime ambulatory BPs par-
ticularly well. Routine clinic systolic BPs were, on average, 4.8 mm Hg higher than daytime ambulatory
systolic BPs, though they could underestimate daytime ambulatory systolic BPs by nearly 27 mm Hg or
overestimate by 36.5 mm Hg. The automated office systolic BP data were not much better. They were,
on average, 7.9 mm Hg lower than daytime ambulatory systolic BPs; they could underestimate daytime

http://www.dableducational.org/index.html
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ambulatory systolic BPs by 33.2 mm Hg or overestimate 17.4 mm Hg. However, as a predictor of left
ventricular hypertrophy, automated office systolic BPs performed significantly better than routine clinic
systolic BPs, and they were almost superior to the predictive ability of daytime ambulatory systolic BPs.

	 5.	 What	are	the	blood	pressure	treatment	goals?
The optimal blood pressure level for a patient is controversial. The panel that convened for the Eighth
Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 8) published recommendations in early 2014. The members limited themselves to
review only randomized, controlled trials. JNC 8 published a number of controversial recommendations:
• Patients with diabetes and chronic kidney disease, the goal clinic blood pressure changed from

,130/80 mm Hg to ,140/90 mm Hg, as results from trials such as the ACCORD, REIN-2, AASK,
and MDRD did not reveal that lower clinic blood pressures improved outcomes in these groups.

• Based upon trials such as the HYVET, Syst-Eur, and SHEP, patients $60 years without diabetes
mellitus or chronic kidney disease achieve a goal clinic blood pressure ,150/90 mm Hg, while
those ,60 years achieve a blood pressure ,140/90 mm Hg.

Many experts found this last recommendation troubling, as they felt it predisposed high-risk
patients (e.g., older African Americans with hypertension) to lax blood pressure control and increased
cardiovascular risk over time. Most international guidelines recommend changing the 60-year-old
cut-off to 80 years of age or older.

In November of 2017, the American College of Cardiology (ACC) and the American Heart Associa-
tion (AHA) published joint guidelines for the diagnosis and management of hypertension. The following
terms were defined based on clinic blood pressures obtained in a standardized manner:
• Normal blood pressure: systolic pressure ,120 mm Hg, diastolic pressure is ,80 mm Hg
• Elevated blood pressure: systolic pressure 120 to 129 mm Hg, and diastolic pressure is ,80 mm Hg
• Stage 1 hypertension: systolic blood pressure of 130 to 139 mm Hg, or a diastolic blood pressure

of 80 to 89 mm Hg
• Stage 2 hypertension: systolic blood pressure $140 mm Hg, or a diastolic blood pressure of $90 mm Hg

All patients should receive nonpharmacological therapy if they have elevated clinic blood pres-
sures, stage 1 hypertension, or stage 2 hypertension. Those patients with $10 % risk of developing
atherosclerotic cardiovascular disease over 10 years (http://tools.acc.org/ASCVD-Risk-Estimator-
Plus/#!/calculate/estimate/) or with known cardiovascular disease should be treated pharmacologi-
cally if they have stage 1 hypertension. All patients, regardless of cardiovascular disease status,
should receive pharmacological therapy if they have stage 2 hypertension.

The SPRINT trial called attention to the way blood pressure is measured. Automated office blood pres-
sure monitoring was employed in the SPRINT trial by using the Omron HEM-907 device. The study protocol
mandated that patients sit quietly for five minutes prior to the machine taking three measurements at one-
minute intervals. The blood pressure measurements were then averaged. The trial randomized three groups
of hypertensive patients $50 years at high risk for cardiovascular events:

 1. Chronic kidney disease patients
 2. Patients with known cardiovascular disease with an estimated 10-year Framingham risk score .15%
 3. Patients with $75 years

The two blood pressure targets were either a systolic blood pressure ,120 mm Hg or ,140 mm Hg.
The intensively treated group achieved a systolic blood pressure of 121.5 mm Hg, whereas the control
group achieved a systolic blood pressure of 134.6 mm Hg. After a little more than three years of follow-up,
the trial was stopped prematurely because of a 25% relative risk reduction among the intensive group in
the primary endpoint. The primary endpoint was a combination of cardiovascular outcomes including car-
diovascular mortality. Furthermore, a 27% relative risk reduction in all-cause mortality was seen. When
interpreting the SPRINT results, one must be cautious not to directly compare these data to other hyperten-
sion trials that obtained clinic blood pressures using either oscillometric or mercury cuffs operated by
medical personnel without the mandated period of five minutes of seated rest. Thus applying either the
JNC 8 or the ACC/AHA recommendations in a post-SPRINT world becomes problematic. Automated office
blood pressures generally run 5 to 10 mm Hg lower than traditionally obtained clinic blood pressures. The
Canadian Hypertension Education Program now recommends that the cutoff for diagnosing hypertension by
automated office blood pressure monitoring be ,135/85 mm Hg, instead of ,140/90 mm Hg. However, it
is unlikely that an algebraic manipulation alone will be useful for individual level decision-making.

Out-of-office blood pressures are also generally lower than traditional clinic blood pressures.
Recent ambulatory blood pressure thresholds have been published:

For awake ambulatory blood pressures:
• For men without high-risk disease, the goal blood pressure is ,135/85 mm Hg
• For women without high-risk disease, the goal blood pressure is ,125/80 mm Hg

http://tools.acc.org/ASCVD-Risk-Estimator-Plus/%23!/calculate/estimate/
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• For hypertensive patients with diabetes or chronic kidney disease, the goal blood pressure is
,120/75 mm Hg

For home blood pressures the American Heart Association recommends
• Hypertensive patients without high-risk disease a blood pressure goal of ,135/85 mm Hg
• Diabetic and chronic kidney disease patients with hypertension a blood pressure goal of

,130/80 mm Hg

	 6.	 What	is	the	relationship	between	end-stage	kidney	disease	(ESKD)	risk	and	hypertension?
Of the American population, 15% have kidney disease, and more than 80% of patients with an estimated
GFR ,60 mL/min per 1.73 m2 have hypertension. Uncontrolled hypertension predisposes to ESKD. The
Multiple Risk Factor Intervention Trial (MRFIT) was a randomized, multicenter trial to prevent coronary
artery disease in males by treating hypertension, hyperlipidemia, and tobacco abuse. Investigators
followed these patients for several decades. Compared with optimal BPs, those patients with baseline
systolic pressures $160 mm Hg had at least a 6-fold higher risk of progressing to ESKD. Poor African
American men were at particularly high risk for developing ESKD. A more recent trial showed that,
compared to optimal BPs, patients with prehypertension had 62% to 98% increased relative risk for
developing ESKD. Those patients with stage I and II hypertension had a 2.5-fold and nearly 4-fold risk,
respectively. Using predialysis BP recordings, patients who undergo long-term hemodialysis are nearly
all hypertensive (86%), and only 30% of these patients have controlled BPs. However, only one-third of
hemodialysis patients are hypertensive when ambulatory BP recordings are used.

	 7.	 How	does	kidney	disease	cause	hypertension?
• Nephron number: A recent pathologic study noted that middle-aged Caucasians with essential

hypertension or left ventricular hypertrophy had significantly fewer nephrons than age-matched
controls. The fewer nephrons that develop during fetal life mean less kidney mass for sodium and
volume homeostasis, and may predispose these patients to hypertension.

• Salt and volume: African Americans, patients who are obese, and elderly patients nearly all have
salt-sensitive hypertension. Conversely, primitive societies that ingest little salt have no hyperten-
sion. Usually, when salt is consumed, a pressure natriuresis occurs that excretes the excess salt
and volume. Patients who are salt sensitive need higher BPs to excrete a sodium load. One reason
for sodium sensitivity could result from kidney tubulointerstitial inflammation and ischemia.

• The sympathetic nervous system: The sympathetic nervous system increases renin secretion,
decreases urinary sodium excretion, and decreases kidney blood flow. Increased sympathetic
activity may be one of the mechanisms that leads to kidney damage and salt-sensitive hyperten-
sion. The sympathetic nervous system is overactive in patients with CKD, and kidney denervation,
nephrectomy, or angiotensin-converting enzyme inhibition are possible treatment modalities to de-
crease sympathetic activation. The recently discovered enzyme renalase, which is mostly produced
in the kidney, inactivates circulating catecholamines and may be important for BP regulation.

• The renin-angiotensin-aldosterone system: Renin, secreted by the juxtaglomerular cells of affer-
ent arteriole, cleaves angiotensinogen to angiotensin I (ATI). ATI is converted to angiotensin II (ATII)
by ACE. ATII increases kidney sodium reabsorption, kidney arteriolar vasoconstriction, and aldoste-
rone secretion. With kidney damage, increased ACE expression may occur and lead to elevated ATII
levels. Pathologic levels of ATII can cause kidney damage and salt-sensitive hypertension.

• Oxidative stress: Reactive oxygen species (ROS) are produced in the kidney in the course of oxi-
dative metabolism. An elegant system of enzymes exists in the kidney to neutralize excess ROS. In
patients with CKD, this neutralizing system is impaired. Excess ROS can have deleterious conse-
quences. For example, increased ROS can inactivate nitric oxide (NO), a molecule that causes
endothelium-dependent vasodilation. Inactivation of NO occurs in oxidative stress (nitrosative
stress), and this can lead to hypertension through increased vasoconstriction. Salt-sensitive hyper-
tensives and patients with CKD also have elevated levels of asymmetric dimethylarginine—an
inhibitor of NO synthase—which also leads to the reduced production of NO.

	 8.	 What	is	the	proper	antihypertensive	regimen?
With the epidemics of obesity, diabetes mellitus, and CKD, nearly all patients with hypertension will
need multiple medications, and many will require three or more medications. The JNC 8 recommends
that non-African American hypertensive patients with or without diabetes mellitus begin therapy with
either an ACE inhibitor, ARB, calcium channel blocker, or thiazide-type diuretic, while African American
hypertensive patients with or without diabetes mellitus begin therapy with either a thiazide-type di-
uretic or a calcium channel blocker. All hypertensive CKD patients, regardless of diabetic status or race,
should begin therapy with either an ACE inhibitor or ARB. The first goal for physicians is to bring their
patients’ BPs under good control as quickly as possible, as prompt BP control reduces cardiovascular
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 1. Despite significant improvements in BP control over the past decade, mortality from hypertension 
remains high.

 2. Ambulatory BP monitoring should be considered when diagnosing patients with hypertension.
 3. The current blood pressure goal depends on individual patients risk of cardiovascular (CV) events.  

Patients with a history of CV disease or a 10% risk of atherosclerotic events in the next decade should 
target a blood pressure below 130/80, all others should target a blood pressure below 140/90.

 4. The 2017 ACC/AHA guidelines are largely based on the SPRINT trial which used automated office 
blood pressure monitoring. There is some concern that using those targets with conventional blood 
pressure measurements may result in over treatment of blood pressure. If current guidance on BP tar-
gets are followed it is important that the BP measurement technique be the same as used in SPRINT.

 5. Automated office BP monitoring, a novel way to measure clinic BPs, eliminates the white coat  
effect.

 6. Treatment of hypertension with both an ACE inhibitor and angiotensin receptor blocker (ARB) should 
be avoided, and a combination of an ACE inhibitor or ARB with spironolactone should only be used 
with caution.

risk. Data from the Valsartan Antihypertensive Long-term Use Evaluation (VALUE) trial suggest that  
BP control should be achieved no later than 6 months after treatment begins. Many patients will  
already be on complex medication regimens, and fixed-dose combination pills may be more effective in 
achieving control than using a multiple-pill approach. Nonpharmacologic management, such as sodium 
restriction, exercise, smoking cessation, and weight loss, should be emphasized. The aforementioned 
program should be coupled with regular home BP monitoring.

ACE inhibitors and ARBs merit special attention. They are not appropriate for pregnant women or 
women planning to become pregnant and those with hyperkalemia, liver cirrhosis, or volume depletion. 
Serum creatinine and potassium should be checked within a week or two of starting either medication 
or increasing the dose. Labs should be followed periodically thereafter. Patients prone to hyperkalemia 
(e.g., diabetics) should be given dietary education. Nonsteroidal medications should be discontinued. 
Creatinine increases within 30% of baseline levels have traditionally been considered acceptable if  
unaccompanied by volume depletion and symptomatic hypotension. A recent cohort study of over 
120,000 British patients calls into question this arbitrary cutoff, which was determined from clinical  
trials from the 1990s. Patients in this study who were prescribed either ACE inhibitors or ARBs and 
whose creatinine levels increased at least 30% from baseline within 2 months of treatment were at 
significantly higher relative risk for ESKD (243%), myocardial infarctions (46%), heart failure (37%), and 
death (84%) compared to those patients whose creatinine levels increased ,30%. However, many 
patients whose creatinine levels increased ,30% from baseline were also at significant risk: patients 
whose creatinine levels increased only 10% to 19% experienced higher relative risks for ESKD (73%), 
myocardial infarctions (12%), heart failure (14%), and death (15%) compared to patients whose creati-
nine levels increased ,10%. Physicians must closely follow their patients’ kidney function while on 
these medications and consider the risks and benefits of continuing them in the context of even small 
creatinine elevations. Certainly, the combination of ACE inhibitors and ARBs is no longer recommended. 
Spironolactone in combination with either an ACE inhibitor or ARB can reduce proteinuria, though this 
combination can cause significant hyperkalemia, and a beneficial effect on hard endpoints has not 
been demonstrated.

KEY POINTS

BiBliography
Abbas, S., Ihle, P., Harder, S., & Schubert, I. (2015). Risk of hyperkalemia and combined use of spironolactone and  

longterm ACE inhibitor/angiotensin receptor blocker therapy in heart failure using real-life data: A population- and  
insurance-based cohort. Pharmacoepidemiol Drug Saf, 24(4), 406–413.

Agarwal, R. (2017). Implications of blood pressure measurement technique for implementation of Systolic Blood Pressure 
Intervention Trial (SPRINT). J Am Heart Assoc, 6, e004536.

SPRINT Research Group, Wright, J. T., Jr., Williamson, J. D., Whelton, P. K., Snyder, J. K., Sink, K. M., . . . Ambrosius, W. T. 
(2015). A randomized trial of intensive versus standard blood-pressure control. New Engl J Med, 373(22), 2103–2116.

Boyle, J. P., Thompson, T. J., Gregg, E. W., Barker, L. E., & Williamson, D. F. (2010). Projection of the year 2050 burden of 
diabetes in the US adult population: Dynamic modeling of incidence, mortality, and prediabetes prevalence. Popul 
Health Metr, 8, 29.

Chronic Kidney Disease Surveillance Project. https://nccd.cdc.gov/ckd/detail.aspx?QNum5Q8.



KIDNEY PARENCHYMAL HYPERTENSION 443

Daskalopoulou, S. S., Rabi, D. M., Zarnke, K. B., Dasgupta, K., Nerenberg, K., Cloutier, L., . . . Padwal, R. S. (2015). The 
2015 Canadian Hypertension Education Program recommendations for blood pressure measurement, diagnosis, as-
sessment of risk, prevention, and treatment of hypertension. Can J Cardiol, 31, 549–568.

van der Velde, M., Matsushita, K., Coresh, J., Astor, B. C., Woodward, M., Levey, A., . . . Manley, T. (2011). Lower estimated 
glomerular filtration rate and higher albuminuria are associated with all-cause and cardiovascular mortality. A collabor-
ative meta-analysis of high-risk population cohorts. Kidney Int, 79, 1341–1352.

Finkelstein, E. A., Khavjou, O. A., Thompson, H., Trogdon, J. G., Pan, L., Sherry, B., & Dietz, W. (2012). Obesity and severe 
obesity forecasts through 2030. Am J Prev Med, 42(6), 563–570.

Global Health Risks (The World Health Organization). http://www.who.int/healthinfo/global_burden_disease/ 
GlobalHealthRisks_report_full.pdf.

Gu, Q., Burt, V. L., Dillon, C. F., & Yoon, S. (2012). Trends in antihypertensive medication use and blood pressure control 
among United States adults with hypertension. Circulation, 126, 2105–2114.

Hermida, R. C., Smolensky, M. H., Ayala, D. E., & Portaluppi, F. (2013). 2013 Ambulatory blood pressure monitoring recom-
mendations for the diagnosis of adult hypertension, assessment of cardiovascular and other hypertension-associated 
risk, and attainment of therapeutic goals. Chronobiol Int, 30(3), 355–410.

High Blood Pressure in Adults (US Preventive Services Task Force). http://www.uspreventiveservicestaskforce.org/Page/
Document/RecommendationStatementFinal/high-blood-pressure-in-adults-screening.

Hoerger T. J., Simpson, S. A., Yarnoff, B. O., Pavkov, M. E., Ríos, Burrows, N., Saydah, S. H., . . . Zhuo, X. (2015). The future 
burden of CKD in the United States: A simulation model for the CDC CKD Initiative. Am J Kidney Dis, 65(3), 403–411.

Horowitz, B., Miskulin, D., & Zager, P. (2015). Epidemiology of hypertension in CKD. Adv Chronic Kidney Dis, 22(2), 88–95.
Hypertension Prevalence and Control among Adults. United States, 2011–2014 (NCHS Data Brief No. 220). http://www.

cdc.gov/nchs/data/databriefs/db220.pdf.
Hypertension-related Mortality in the United States, 2000–2013 (NCHS Data Brief No. 193). http://www.cdc.gov/nchs/

data/databriefs/db193.pdf.
James, P. A., Oparil, S., Carter, B. L., Cushman, W. C., Dennison-Himmelfarb, C., Handler, J., . . . Ortiz, E. (2014). 2014  

evidence-based guideline for the management of high blood pressure in adults. JAMA, 311(5), 507–520.
Menke A., Casagrande, S., Geiss, L., & Cowie, C. C. (2015). Prevalence of and trends in diabetes among adults in the 

United States, 1988–2012. JAMA, 314(10), 1021–1029.
Myers, M. G., Godwin, M., Dawes, M., Kiss, A., Tobe, S. W., Grant, F. C., & Kaczorowski, J. (2011). Conventional versus  

automated measurement of blood pressure in primary care patients with systolic hypertension: Randomised parallel 
design controlled trial. BMJ, 342, d286.

Prevalence of Obesity among Adults and Youth. United States, 2011–2014 (NCHS Data Brief No. 219). http://www.cdc.gov/
nchs/data/databriefs/db219.pdf.

Schmidt, M., Mansfield, K. E., Bhaskaran, K., Nitsch, D., Sørensen, H. T., Smeeth, L., & Tomlinson, L. A. (2017). Serum cre-
atinine elevation after renin-angiotensin system blockade and long term cardiorenal risk: Cohort study. BMJ, 356, j791.

The Clinical Management of Hypertension in Adults (National Institute for Clinical Excellence). https://www.nice.org.uk/
guidance/cg127/evidence/full-guideline-248588317.

Wang, W., Li, L., Zhou, Z., Gao, J., & Sun, Y. (2013). Effect of spironolactone combined with angiotensinconverting enzyme 
inhibitors and/or angiotensin II receptor blockers on chronic glomerular disease. Exp Ther Med, 6, 1527–1531.

Wright, J. T., Jr., Fine, L. J., Lackland, D. T., Ogedegbe, G., & Dennison, Himmelfarb, C. R. (2014). Evidence supporting a 
systolic blood pressure goal of less than 150 mmHg in patients aged 60 Years or older: The minority view. Ann Intern 
Med, 160, 499–503.

arxiv:/http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
arxiv:/http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/high-blood-pressure-in-adults-screening
arxiv:/http://www.cdc.gov/nchs/data/databriefs/db220.pdf
arxiv:/http://www.cdc.gov/nchs/data/databriefs/db193.pdf
arxiv:/http://www.cdc.gov/nchs/data/databriefs/db219.pdf
arxiv:/https://www.nice.org.uk/guidance/cg127/evidence/full-guideline-248588317


444

RENOVASCULAR DISEASE
Edward J. Horwitz and Mahboob Rahman

CH
AP

TE
R 

64

	 1.	 What	clinical	syndromes	are	associated	with	renal	artery	stenosis?
Renovascular hypertension, progressive loss of kidney function from ischemic nephropathy, and recur-
rent episodes of flash pulmonary edema (meaning acute/abrupt onset pulmonary edema) are the clin-
ical syndromes typically associated with renal artery stenosis. However, renal artery stenosis can also 
be completely asymptomatic. In the case of renovascular hypertension, hemodynamically significant 
unilateral orbilateral renal artery stenosis leads to decreased perfusion pressure in one or both kidneys. 
This stimulates activation of the renin-angiotensin-aldosterone system, which increases systemic 
pressure to restore kidney perfusion distal to the stenotic lesion(s).

The pathophysiology of ischemic nephropathy is complex and likely relates to activation of mul-
tiple pathways triggered by reduced kidney perfusion that promote kidney injury and fibrosis. Flash 
pulmonary edema in the context of renal artery stenosis tends to occur only with bilateral stenosis  
(or renal artery stenosis affecting a solitary kidney). In this situation, patients are likely predisposed  
to episodes of pulmonary edema from enhanced tubular sodium reabsorption and volume expansion 
from increased renin-angiotensin-aldosterone activity in the absence of a pressure natriuresis  
phenomenon that would occur within an unaffected kidney.

	 2.	 What	are	the	two	main	causes	of	renal	artery	stenosis?
The two important causes of renal artery stenosis are atherosclerosis and fibromuscular dysplasia. 
Atherosclerotic renal artery stenosis is the more common cause and is often seen in older patients.  
It occurs in the setting of atherosclerotic disease affecting other vascular beds, such as the coronary, 
cerebral, and peripheral arterial circulation. These patients often have other risk factors for athero-
sclerosis, such as diabetes, hypertension, and smoking. In contrast, fibromuscular dysplasia is typi-
cally seen in younger female patients.

	 3.	 How	common	is	renal	artery	stenosis?
It depends on the population examined. Some degree of renal artery stenosis will be found incidentally in 
19% to 42% of patients with atherosclerotic vascular disease such as coronary artery disease or peripheral 
vascular disease. Fibromuscular dysplasia causing renal artery stenosis is seen in 3% to 5% of healthy pa-
tients being evaluated as potential living kidney donors. In studies examining patients with mild to moderate 
hypertension, renal artery stenosis has been found in 0.6% to 3% of this population. In patients with refrac-
tory hypertension, renal artery stenosis may be found in between 10% and 45% of patients.

	 4.	 How	often	does	renal	artery	stenosis	lead	to	end-stage	kidney	disease?
In some series of patients receiving dialysis, atherosclerotic renal artery stenosis may lead to end-stage 
kidney disease in up to 15% of patients. However, in the most recent United States Renal Data Service 
report, which is a registry that tracks various data on virtually all patients receiving dialysis in the United 
States, the incidence of renal artery stenosis as the cause for end-stage kidney disease was only 0.6%.

	 5.	 Who	is	at	risk	of	developing	renal	artery	stenosis?
Patients with risk factors for atherosclerotic vascular disease, such as hypertension, dyslipidemia, dia-
betes, tobacco use, and older age, are at increased risk for atherosclerosis affecting the renal arteries 
causing stenosis.

	 6.	 Who	should	be	screened	for	renal	artery	stenosis?
Features suggestive of renal artery stenosis include:
• Abrupt onset of hypertension at a relatively young age (30 years old) or older age (.50 years old)
• Worsening control of previously well treated hypertension
• Recurrent episodes of “flash pulmonary edema”
• Kidney failure precipitated by initiation of antihypertensive therapy—especially angiotensin- 

converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs)
• Unexplained kidney failure
• Unilateral atrophic kidney
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• Abdominal bruit
• Unexplained hypokalemia
• The presence of atherosclerotic disease in other vascular beds.

	 7.	 What	diagnostic	tests	can	you	use	to	identify	renal	artery	stenosis?	How	do	you	decide	which	test
to	use?
Screening for suspected renal artery stenosis can be done with duplex ultrasonography of the renal
arteries, computed tomographic angiography (CTA), or magnetic resonance angiography (MRA). Du-
plex ultrasonography has the advantage of being noninvasive and does not expose patients to poten-
tial toxicities of the contrast agents needed for CTA or MRA. However, accuracy of duplex ultrasound is
operator dependent and may be limited in patients who are morbidly obese. CTA is noninvasive and
can characterize renal artery stenosis with a high degree of sensitivity (as high as 98%) and specific-
ity (as high as 94%). The main disadvantages of this modality are radiation exposure and the need for
iodinated contrast, which is potentially nephrotoxic, particularly in patients with impaired kidney func-
tion and diabetes. MRA gives exceptional resolution of lesions, causing renal artery stenosis with a
very high sensitivity (up to 100%) and specificity (up to 97%), and it has the benefit of not exposing
patients to radiation or the risk of contrast nephropathy because gadolinium is used instead of iodin-
ated contrast. Although gadolinium is generally not considered to be a nephrotoxic agent, its use is
not without risk. In patients with advanced chronic kidney disease, especially those with end-stage
kidney disease, gadolinium has been associated with nephrogenic systemic fibrosis. In addition, MRA
is generally a more expensive noninvasive test to evaluate for renal artery stenosis compared with
ultrasound and CTA. The gold standard study to diagnose renal artery stenosis is conventional digital
subtraction angiography. However, this is an invasive procedure that exposes patients to radiation and
iodinated dye in addition to the risk of cholesterol atheroembolic disease (discussed in detail later).

	 8.	 What	is	the	resistance	index,	and	how	may	it	be	useful	in	managing	renal	artery	stenosis?
The resistance index is a measure of relative blood flow velocity during systole and diastole within
the renal arterial supply using Doppler ultrasonography. It is calculated with the following formula:

Resistance index �[1 – end– diastolic velociity /maximal systolic velocity] �100

It has been shown to correlate with changes in blood pressure following revascularization.
Specifically, a high resistance index of .80 suggests extensive atherosclerotic disease of the smaller
vessels in the arterial network and is associated with a lack of improvement in blood pressure
following revascularization.

	 9.	 What	is	the	natural	history	of	renal	artery	stenosis?
Atherosclerotic renal artery stenosis often progresses anatomically (the degree of stenosis increases
over time) and is associated with a high mortality. Numerous studies have documented anatomic pro-
gression of atherosclerotic lesions over the course of a few years using various imaging methods. For
example, in one study angiographic progression was observed in 11% of patients followed an average
of approximately 2.5 years, whereas in another study anatomic progression was seen in 44% of a
population followed for slightly longer than an average of 4 years. Patients with fibromuscular dyspla-
sia also may have angiographic progression of their renal artery lesions; 33% of patients with fibro-
muscular dysplasia in one cohort displayed anatomic progression over an average of about 4 years.

	10.	 What	are	the	long-term	outcomes	of	patients	with	renal	artery	stenosis?
Most of the patients with atherosclerotic renal artery stenosis die of cardiovascular disease before
ever developing end stage kidney disease (ESKD). Potential reasons for this increased burden of
cardiovascular disease in patients with atherosclerotic renal artery stenosis include the presence of
atherosclerosis in other vascular beds, excessive activation of the renin-angiotensin-aldosterone and
sympathetic nervous systems, and the coexistence of chronic kidney disease. Mortality rates and
incidence of ESKD in atherosclerotic renal artery stenosis depend on the populations examined.
For example, in some older cohorts, mortality was reported to be as high 32% at 2 years and 45%
at 5 years. However, in more recent randomized controlled trials published within the past 10 years
Angioplasty and Stenting for Renal Artery Lesions (ASTRAL) trial, Cardiovascular Outcomes in Renal
Atherosclerotic Lesions (CORAL) trial, STent placement and blood pressure and lipid-lowering for the
prevention of progression of renal dysfunction caused by Atherosclerotic ostial stenosis of the Renal
artery (STAR) trial) comparing medical therapy alone to stenting with medical therapy in patients with
atherosclerotic renal artery stenosis, mortality was reported to be approximately 8% at 2 years and
then ranged between 14% and 26% over approximately 5 years of follow-up. In contrast, the
percentage of patients with atherosclerotic renal artery stenosis requiring dialysis in observational
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studies ranged from approximately 3% at 2 years to 12% at 5 years. In the more recent randomized 
controlled trials involving atherosclerotic renal artery stenosis, approximately 2% to 10% of patients 
with atherosclerotic renal artery stenosis started chronic dialysis over approximately a 5-year period. 
Kidney failure as a result of fibromuscular dysplasia is felt to be very rare.

	11.	 What	treatment	options	exist	for	renal	artery	stenosis	caused	by	atherosclerosis?
Atherosclerotic renal artery stenosis may be treated by medical management, angioplasty/stent place-
ment, or surgery.

Medical management is based on blood pressure control with appropriate antihypertensive med-
ications along with lifestyle modifications and other medical interventions aimed at reducing the high 
cardiovascular risk associated with atherosclerotic renal artery stenosis. This includes aspirin, statins, 
smoking cessation, and good glycemic control in patients with diabetes. In addition to this approach, 
revascularization, now mainly done with percutaneous interventions (angioplasty and stenting) rather 
than surgery, can be used to treat renovascular hypertension and ischemic nephropathy. However, 
multiple randomized trials suggest that revascularization does not significantly improve blood pres-
sure control, kidney outcomes, cardiovascular outcomes, or mortality compared with medical man-
agement alone. The two largest and most recently published studies that randomized participants to 
either medical management with revascularization or medical management alone:
 1. Angioplasty and STenting for Renal Artery Lesions (ASTRAL) trial in 2009 included more than  

800 patients
 2. Cardiovascular Outcomes in Renal Atherosclerotic Lesions (CORAL) study in 2014 included approxi-

mately 950 subjects
Both trials failed to demonstrate a benefit for revascularization toward kidney outcomes, cardiovas-

cular outcomes, and mortality compared with medical management alone. Moreover, in the ASTRAL 
study, no difference in blood pressure control was observed between the revascularization group and the 
medical management group. The CORAL trial did find a statistically significant difference in blood pres-
sure between participants who underwent revascularization compared with those receiving only medical 
management. However, this difference was only 2.3 mm Hg and did not lead to any improvement in  
clinical outcomes. Of note, periprocedural complications occurred in approximately 9% of patients who 
underwent revascularization in ASTRAL and in approximately 5% of vessels treated in CORAL.

	12.	 How	should	renal	artery	stenosis	caused	by	fibromuscular	dysplasia	be	managed?
In contrast to atherosclerotic renal artery stenosis, revascularization of fibromuscular dysplasia gener-
ally leads to favorable clinical outcomes and should be considered in many cases. Although there are 
no randomized trials exclusively involving patients with fibromuscular dysplasia, several case series 
and a large meta-analysis with these patients have shown that hypertension was improved or even 
cured in a significant proportion of patients who underwent percutaneous revascularization.

	13.	 What	are	the	potential	benefits	and	risks	associated	with	percutaneous	revascularization	of	renal	
artery	stenosis?
Percutaneous revascularization (angioplasty with or without stenting) can potentially correct stenotic 
lesions in a relatively noninvasive procedure, but it is certainly not without risk. Patients are at risk for 
bleeding complications, contrast nephropathy, and renal artery dissection, occlusion, or perforation. 
Acute kidney injury associated with any of these events may require dialysis and is not necessarily 
reversible. One other potential complication of conventional angiography and percutaneous revascu-
larization procedures that deserves special mention is cholesterol atheroembolic disease. This disor-
der occurs when cholesterol fragments from atheromatous plaques embolize to distal arterial blood 
vessels, causing ischemic injury. This embolic event most often occurs in the context of anticoagula-
tion/thrombolytic therapy or some procedure, such as vascular surgery or conventional angiography, 
where mechanical trauma to the atherosclerotic vessels with vulnerable plaques may be unavoidable. 
The clinical manifestations vary depending on where the cholesterol-laden fragments embolize and 
may include stroke, mesenteric ischemia, acute kidney injury, and ischemic digits. Atheroembolic  
disease affecting the kidneys should be suspected in patients who have a decline in kidney function 
following an arterial intervention or angiography who also demonstrate any of the following:
• Livedo reticularis
• Ischemic digits
• Peripheral eosinophilia
• Hypocomplementemia

Patients with cholesterol atheroembolic disease may lose kidney function over the course of weeks 
to months in a stepwise fashion, and this may not be reversible. Although treatment is mainly supportive, 
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it is important to avoid anticoagulation if possible because it is believed this may predispose the patient 
to further embolic events. Cholesterol-lowering agents may be of some benefit.

	14.	 Should	patients	with	uncontrolled	hypertension	caused	by	atherosclerotic	renal	artery	stenosis	
undergo	revascularization?
No. Data from randomized trials have not clearly and consistently demonstrated a significant benefit to 
revascularization compared with medical management alone in regard to renovascular hypertension. 
The risks and benefits of each option should be discussed with each individual patient, in consultation 
with a vascular surgeon or interventional radiologist.

	15.	 Do	patients	who	have	chronic	kidney	disease	with	significant	atherosclerotic	renal	artery	stenosis	
benefit	from	revascularization	over	medical	management	alone?
No. The randomized trials completed to date do not clearly show patients with chronic kidney disease 
who underwent revascularization compared with those with medical management alone had improved 
kidney outcomes, cardiovascular outcomes, or overall mortality.

	16.	 Does	it	matter	which	antihypertensive	agents	are	used	to	control	blood	pressure	in	patients	with	
renal	artery	stenosis?
As long as inhibitors of the renin-angiotensin system (RAS) do not precipitate kidney failure, patients with 
atherosclerotic renal artery stenosis treated with ACE inhibitors seem to have more favorable long-term 
outcomes compared with those not taking ACE inhibitors. Consequently, this class of medications is pre-
ferred in the treatment of hypertension associated with atherosclerotic renal artery stenosis. Moreover, as 
long as severe bilateral disease is not present, antagonists of the RAS would not necessarily be expected 
to precipitate acute kidney failure. A rise in serum creatinine of up to 30% from baseline after initiation of 
an ACE inhibitor or ARB is often observed, particularly in patients with some underlying chronic kidney dis-
ease, and should not prompt discontinuation of the medication. In contrast, a more substantial decline in 
kidney function (creatinine increase of .30%) or significant hyperkalemia (potassium .6) after initiation 
of a RAS inhibitor should raise some suspicion for concurrent states of decreased effective arterial blood 
volume such as volume depletion or decompensated heart failure, nonsteroidal antiinflammatory drug use, 
bilateral renal artery stenosis, or renal artery stenosis of a solitary kidney. In this situation the RAS inhibitor 
should be at least temporarily held and these possibilities explored.

	17.	 In	what	situations	may	it	be	appropriate	to	consider	revascularization	for	atherosclerotic	renal		
artery	stenosis?
Despite the results of trials that do not suggest patients with ischemic nephropathy or renovascular 
hypertension benefit from revascularization in general, there still may exist some situations in which 
revascularization is appropriate to attempt. For example, it may be reasonable to try revascularization 
in patients with recurrent flash pulmonary edema. Moreover, if a patient is intolerant of many anti-
hypertensive medications or their hypertension cannot be adequately controlled with medications,  
revascularization would be reasonable to consider. Finally, if a patient were rapidly losing kidney func-
tion, believed to be from atherosclerotic renal artery stenosis, it could be argued that because they 
will likely require dialysis or a transplant very soon if nothing else is done. In this situation the poten-
tial benefits of an attempted intervention may outweigh the risks.

 1. Renal artery stenosis is associated with three main clinical syndromes: ischemic nephropathy,  
renovascular hypertension, and recurrent flash pulmonary edema. However, it may be completely 
asymptomatic.

 2. Renal artery stenosis should be suspected in patients with resistant hypertension, abrupt onset of 
hypertension at a relatively young or old age, worsening blood pressure control in someone with 
previously well-controlled hypertension, recurrent episodes of flash pulmonary edema, unexplained 
kidney dysfunction, unexplained hypokalemia, an atrophic unilateral kidney, kidney failure precipi-
tated by initiation of blockers of the renin-angiotensin system, an abdominal bruit, and the pres-
ence of atherosclerotic disease in other vascular beds.

 3. Screening for suspected renal artery stenosis can be done with duplex ultrasonography, magnetic 
resonance angiography, or computed tomographic angiography. The gold standard diagnostic study 
is digital subtraction angiography, but this involves an invasive procedure.

 4. Atherosclerotic renal artery stenosis commonly progresses anatomically and is associated with 
high mortality largely from cardiovascular causes.

KEY POINTS
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HYPERALDOSTERONISM

	 1.	 What	is	hyperaldosteronism?
Hyperaldosteronism is a disorder with a characteristic set of signs and symptoms resulting from
excessive effects of aldosterone or a similar mineralocorticoid agent, which typically include:
• Hypertension: usually unresponsive to angiotensin converting-enzyme (ACE) inhibitors, angiotensin

receptor blockers (ARBs), or direct renin inhibitors
• Intravascular volume expansion
• Hypokalemia

	 2.	 Describe	the	most	common	subtypes	or	causes	of	hyperaldosteronism.
Hyperaldosteronism can be either primary or secondary. As a result of an autonomously functioning
adrenal adenoma, it is called Conn syndrome, after Jerome William Conn (1907 to 1994). More com-
mon is bilateral adrenal hyperplasia (sometimes called idiopathic hyperaldosteronism), in which both
glands oversecrete aldosterone. Glucocorticoid-remediable hyperaldosteronism results from a chime-
ric gene on chromosome 8 that crosses the regulatory sequence for corticotropin, 11b-hydroxylase,
with the enzyme coding sequences for aldosterone synthase. Hyperaldosteronism from an adrenal
carcinoma is rare (30 cases worldwide) and usually presents as a large tumor.

Secondary hyperaldosteronism includes obstructive sleep apnea (OSA). OSA is one of the more
common causes of resistant hypertension. Renovascular hypertension is another example of second-
ary hyperaldosteronism causing hypertension.

	 3.	 How	common	is	hyperaldosteronism?
The prevalence of hyperaldosteronism depends on where and how one looks for it. Some referral
centers report a prevalence of hyperaldosteronism related to sleep apnea at about 20%, similar to the
original estimate for aldosterone-secreting adenomas proposed by Conn in 1954. Other population-
based studies suggest that such a high prevalence is a result of a lack of specificity of the aldosterone-
renin ratio that is often used to screen for the condition. In a consecutive series from the Mayo Clinic,
about 10% of community-dwelling hypertensives had an “abnormal” ratio, but no tumors suggestive
of adrenal adenomas were detected by computed tomography (CT) scanning. Small (often bilateral)
tumors are occasionally seen in patients with bilateral hyperplasia but not with OSA.

	 4.	 What	is	the	most	appropriate	test	to	screen	for	hyperaldosteronism?
After total body potassium stores have been repleted, the ratio of plasma aldosterone to renin mea-
sured in (optimally, untreated) patients in the seated position at 8 am is the most widely recommended
test. A plasma aldosterone/renin activity ratio .20 ng/dL per ng/mL per hour and the plasma
aldosterone level .15 ng/dL is a positive screen for primary hyperaldosteronism. Potential confounders
of the test are listed in Box 65.1.

	 5.	 What	additional	tests	may	be	useful	in	identifying	patients	with	hyperaldosteronism?
Many different tests have been proposed to distinguish between an aldosterone-producing adenoma
and bilateral adrenal hyperplasia, including an assay of blood or urine for aldosterone (and/or other
mineralocorticoids) before and after infusion of 2 L of saline, after a high-sodium diet, postural change,
either an ACE inhibitor or an ARB, or an assay of serum 11- or 18-oxo-aldosterone. None of these are
perfect discriminators, but the updated 2016 Endocrine Society guidelines suggest usually performing
one of these confirmatory tests before imaging the adrenals. A CT scan of the abdomen, with thin
(5 mm) cuts through the adrenals, is usually selected. If a unilateral hypodense mass .1 cm is found,
particularly in a patient younger than 40 years, a surgeon is often consulted for laparoscopic removal
(see later). Some physicians prefer a magnetic resonance imaging (MRI) scan, again with thin cuts
through the adrenals, but this is less sensitive (because of the higher spatial resolution of CT scans).

Although challenged by the results of a randomized trial, adrenal venous sampling is recommended
by the updated 2016 Endocrine Society guidelines for all surgical candidates over age 40 years, because
CT scans have only 78% sensitivity and 75% specificity for unilateral adrenal adenomas. The procedure
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is complex and is typically done only at large, experienced centers, but it can help avoid removing an 
enlarged but nonfunctioning adrenal gland.

Glucocorticoid-remediable hyperaldosteronism can be detected by genetic testing of  
leukocyte DNA.

	 6.	 List	of	treatments	for	hyperaldosteronism.
• Conn adenoma: Unilateral adrenalectomy, now often by laparoscopic surgery.
• Bilateral adrenal hyperplasia: Chronic therapy with an aldosterone antagonist. Spironolactone 

had superior efficacy in lowering blood pressure compared to eplerenone in one international  
clinical trial, but the latter has fewer adverse effects.

• For hyperaldosteronism related to sleep apnea: Spironolactone (or eplerenone) is effective in 
the vast majority of cases; continuous positive airway pressure is recommended for the signs and 
symptoms of sleep apnea.

• For glucocorticoid-suppressible hyperaldosteronism: Low-dose glucocorticoid.

	 7.	 What	are	the	short-	and	long-term	challenges	after	surgery?
Strict attention to eukalemia is important, particularly in the first few days after the operation. Most 
patients receive normal saline, without potassium, during the immediate postoperative period. A day 
after the procedure, a plasma aldosterone level is measured, potassium supplements and aldosterone 
antagonists are discontinued, and the patient is counseled to consume more dietary sodium than 
usual, to minimize the risk of hyperkalemia while the contralateral adrenal gland recovers function. 
Hyperkalemia is more common in patients with chronic kidney disease (albuminuria, increased serum 
creatinine, or both). Long-term resolution of hypokalemia is common, but about 50% of patients remain  
hypertensive (and require antihypertensive medications), even after a successful operation. Persistent 
hypertension is more common in older patients and those with a longer duration of hypertension  
before the diagnosis was made.

CUSHING SYNDROME AND CONGENITAL ADRENAL HYPERPLASIA

	 8.	 What	is	Cushing	syndrome?
Cushing syndrome is a characteristic set of signs and symptoms resulting from excessive effects of 
cortisol, initially attributed to a basophilic pituitary adenoma (Cushing disease) by Harvey Cushing in 
1932.

	 9.	 Describe	the	most	common	clinical	features	of	Cushing	syndrome.
Cushing syndrome is characterized by progressive physical changes, which are often best appreciated 
in serial photographs:
• Central (truncal) obesity
• Moon facies
• Dorsocervical fat pad (buffalo hump)
• Purple abdominal striae may be the most specific physical sign if .2.5 cm wide
• Plethora

Box 65.1. Potential Confounders of the Aldosterone-Renin Ratio

Decrease ARR (higher likelihood of a 
false-negative test)

• Diuretics
• Angiotensin-converting enzyme inhibitors
• Angiotensin receptor antagonists
• Dihydropyridine calcium antagonists (smaller  

effect)
• Hypokalemia
• Pregnancy
• Renovascular hypertension
• Hypertensive emergency (formerly, “malignant  

hypertension”)

Increase ARR (higher likelihood of a 
false-positive test)

• Beta-adrenergic antagonists
• Alpha-1 adrenergic agonists
• Nonsteroidal antiinflammatory drugs
• High-potassium diet (or “potassium loading”)
• Older age
• Chronic kidney disease
• Pseudohypoaldosteronism, type 2

Changes in dietary sodium and potassium consumption can also affect the ARR, but the magnitude and direction of the changes 
depend on many other factors.

ARR, Aldosterone-renin ratio.
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• Ecchymoses
• Hypertrichosis
• Muscle weakness and atrophy, which are typically noted when climbing stairs or arising from a chair.

Other features of Cushing syndrome include emotional and cognitive changes, menstrual irregu-
larity, glucose intolerance, and hypertension. Growth restriction is universal in children with Cushing 
syndrome.

	10.	 How	common	is	hypertension	in	Cushing	syndrome?
About 80% of patients with Cushing syndrome have hypertension.

	11.	 Explain	the	mechanism	of	hypertension	in	patients	with	Cushing	syndrome.
Hypertension in patients with hypercortisolism is multifactorial:
• Excessive cortisol exposure increases systemic vascular resistance by:

• Enhancing the effects of catecholamines and angiotensin II
• Suppressing synthesis of endogenous vasodilatory agents, including nitric oxide and 

prostaglandins
• Cortisol also stimulates sodium reabsorption in the distal nephron, and to a lesser extent in the 

proximal nephron
• Synthesis of certain mineralocorticoids are increased in corticotropin (formerly adrenocorticotropic 

hormone [ACTH])-dependent Cushing syndrome

	12.	 List	the	most	common	causes	of	Cushing	syndrome.
Corticotropin-dependent:
• Pituitary microadenoma (68% of endogenous hypercortisolemia)
• Ectopic corticotropin production (12%, from other tumors, typically small-cell lung cancer)
• Ectopic corticotropin-releasing hormone secretion (,1%)
Corticotropin-independent:
• Exogenous glucocorticoid administration (iatrogenic causes are the most common in the United 

States)
• Adrenal adenoma (10%)
• Adrenal adenocarcinoma (8%)
• Primary pigmented nodular adrenal hyperplasia (,1%)
• McCune-Albright syndrome (,1%)
• Macronodular adrenal disease (,1%)
• Hyperfunction of adrenal rest tissue (,1%)

	13.	 What	is	the	difference	between	Cushing	syndrome	and	Cushing	disease?
Cushing syndrome includes all patients with hypercortisolism. Cushing disease refers to that subset of 
patients with Cushing syndrome due to a corticotropin-secreting pituitary microadenoma.

	14.	 What	are	the	best	tests	to	screen	for	Cushing	syndrome?
Plasma cortisol levels .15 mg/dL in the afternoon or evening (in an unstressed patient) are sugges-
tive of hypercortisolism; British endocrinologists prefer a midnight cortisol level, which can be mea-
sured noninvasively in saliva.

Urinary free cortisol values .100 mg/day are abnormal, and values .400 mg/day (more than 
four times the upper limit of the reference range) are suggestive of Cushing syndrome.

Many clinicians use the overnight dexamethasone suppression test (which is more convenient 
than the classical “low-dose” test) as a screen for Cushing syndrome. Morning (8 am) plasma cortisol 
levels .5 mg/dL are suggestive of Cushing syndrome; patients with levels .1.8 mg/dL are candi-
dates for further testing. Table 65.1 summarizes the usual test results for patients with Cushing syn-
drome.

	15.	 What	additional	tests	may	be	useful	in	identifying	the	cause	of	Cushing	syndrome?
Classically, the high-dose dexamethasone suppression test (2 mg every 6 hours for eight doses)  
suppresses the production of cortisol by .90% (and its urinary metabolites) in patients with Cushing 
disease, because pituitary microadenomas remain sensitive to high levels or activity of circulating 
corticosteroids. A more convenient “high-dose” test measures plasma cortisol at bedtime, followed  
by one 8 mg dose of dexamethasone and another cortisol level test 8 hours later; “suppression” is  
diagnosed if the cortisol level drops by 50% compared to baseline. This test does not distinguish  
between Cushing disease and the far less common ectopic corticotropin secretion, so a chest x-ray is 
usually scrutinized for evidence of a tumor that is secreting corticotropin.
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Head and abdominal CT scans may identify a pituitary or adrenal tumor; MRI is slightly less sen-
sitive for adrenal tumors than a CT with thin cuts (5 mm) through the adrenals. Sometimes a chest  
x-ray and/or a chest CT is done because the most common source of ectopic corticotropin secretion 
is lung cancer, usually small cell.

	16.	 List	of	treatment	options	for	the	various	etiologies	of	Cushing	syndrome.
• Pituitary adenoma resection for Cushing disease
• Adrenalectomy, particularly unilateral adrenalectomy, but occasionally bilateral adrenalectomy if the 

pituitary tumor cannot be resected
• Resection of the corticotropin-secreting tumor

	17.	 Is	there	a	role	for	medical	therapy	for	Cushing	syndrome?
Agents that modulate corticotropin release (cyproheptadine, bromocriptine, valproic acid) or inhibit 
cortisol synthesis and/or production (mitotane, trilostane, ketoconazole, aminoglutethimide, and  
metyrapone) may be useful preoperatively or for patients who are not surgical candidates.

	18.	 Should	all	patients	with	hypertension	who	are	obese	be	evaluated	for	Cushing	syndrome?
No. Testing should be considered for patients with hypertension who present with the characteristic 
clinical features of Cushing syndrome.

	19.	 Define	congenital	adrenal	hyperplasia	(CAH).
CAH is a diverse family of autosomal-recessive disorders characterized by deficient function of one of 
the enzymes necessary for cortisol synthesis (Fig. 65.1).

The reduction in cortisol synthesis leads to a loss of feedback inhibition of the hypothalamic- 
pituitary-adrenal axis, with excessive production of corticotropin. Exposure to excessive corticotropin 
leads to adrenal hyperplasia, overproduction of adrenal steroids that do not require the deficient  
enzyme, and deficiency of steroids distal to the deficient enzyme.

aSuppressed: ,1.8 mg/dL. bSuppressed: ,50% of baseline.

Table 65.1.  Summary of Typical Test Results in the Evaluation of Cushing 
Syndrome

PATHOLOGY

PLASMA/ 
URINARY 
CORTISOL 
LEVELS

CORTICOTROPIN 
LEVEL

CORTISOL 
LEVEL AFTER 
LOW-DOSE 
DEXAMETHA-
SONE  
SUPPRESSION  
TEST

CORTISOL 
LEVEL AFTER 
HIGH-DOSE 
DEXAMETHA-
SONE  
SUPPRESSION 
TEST

Pituitary microad-
enoma (Cushing 
disease)

Elevated Elevated Not suppresseda Suppressedb

Ectopic source of 
corticotropin

Elevated Elevated Not suppressed Not suppressed

Ectopic source of 
corticotropin- 
releasing hormone

Elevated Elevated Not suppressed Variable, but usu-
ally suppressed

Adrenal tumor or 
hyperplasia

Elevated Suppressed Not suppressed Not suppressed

Pseudo-Cushing 
syndrome

Normal or 
slightly ele-
vated, often 
with de-
ranged circa-
dian variation

Variable, but often 
suppressed

Usually suppressed; 
formerly used as an 
“objective” indicator 
of severity of de-
pression

Suppressed
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	20.	 List	the	typical	clinical	manifestations	of	CAH.
The specific clinical features depend on the deficient enzyme involved:
• Abnormal fetal genital development. Postnatal consequences of this include sex steroid imbalance, 

including abnormal patterns of growth and maturation, and impaired fertility.
• Abnormal blood pressure regulation: disturbance in sodium and potassium homeostasis. Abnormal 

salt wasting or volume overload is important for blood pressure.

	21.	 What	is	the	most	common	cause	of	CAH?
The most common cause of CAH is deficiency of 21-hydroxylase. This accounts for .90% of cases of 
CAH and represents 1:14,000 live births.

	22.	 What	are	other	causes	of	CAH?
Deficiency of 11b-hydroxylase activity (5% to 8% of cases) is the second most common cause of 
CAH. Rare causes include 3b-hydroxysteroid dehydrogenase deficiency, 17a-hydroxylase deficiency, 
and lipoid CAH.

	23.	 Which	forms	of	CAH	are	associated	with	hypertension?
11b-hydroxylase deficiency and 17a-hydroxylase deficiency are associated with hypertension.

	24.	 What	about		21	hydroxylase	deficiency?
Patients with classic 21-hydroxylase deficiency do not have hypertension, but instead have severe salt 
wasting with dehydration, hyponatremia, and hyperkalemia, which is related to aldosterone deficiency.

	25.	 Describe	the	pathophysiology	of	11b-hydroxylase	deficiency.
11b-hydroxylase (P450c11) is the mitochondrial enzyme responsible for the biosynthetic step imme-
diately before cortisol production. More than 30 mutations have been identified in CYP11B1, the gene 
on chromosome 8, which encodes 11b-hydroxylase. Inadequate activity of 11b-hydroxylase leads to 
inadequate cortisol production, an excessive effect of corticotropin, and increased levels of the pre-
cursor deoxycorticosterone (DOC). Steroid biosynthesis is largely diverted to androgen production.

	26.	 What	are	the	important	clinical	features	of	11b-hydroxylase	deficiency	(Bongiovanni	syndrome)?
• 11b-Hydroxylase deficiency occurs in about 1:100,000 births.
• All affected females are born with some degree of masculinization of the external genitalia, including 

clitoromegaly and partial or complete fusion of the labioscrotal folds. Internal genitalia are normal.
• Other symptoms of androgen excess that occur postnatally include rapid somatic growth with accel-

erated skeletal maturation, leading to premature closure of the epiphyses and short adult stature.
• Mineralocorticoid excess leads to hypokalemic metabolic alkalosis in many patients.

Figure 65.1.  Simplified biochemical pathways for steroid biosynthesis (enzymes are given in italics).
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• About 67% of these patients have low-renin hypertension beginning early in life (e.g., ages 1 to  
2 years).

	27.	 Explain	the	pathophysiology	of	hypertension	in	patients	with	11b-hydroxylase	deficiency.
Hypertension is the result of volume expansion mediated by increased levels of DOC, a mineralocorti-
coid with weak activity, compared to aldosterone. High levels of circulating DOC produce significant 
sodium and water retention.

	28.	 Describe	the	pathophysiology	of	17a-hydroxylase	deficiency.
17a-Hydroxylase (P450c17) is the enzyme responsible for the biosynthetic step that converts 
mineralocorticoids to glucocorticoids (17a-hydroxylase activity) and glucocorticoids to sex steroids 
(17,20-lyase activity). More than 20 mutations have been identified on CYP17, the gene on 
chromosome 10 that encodes 17a-hydroxylase. Abnormal enzyme activity can be manifested as 
isolated 17a-hydroxylase deficiency, 17,20-lyase deficiency, or their combination. Inadequate 
17a-hydroxylase activity leads to inadequate cortisol production, excessive effects of corticotropin, and 
increased levels of DOC. In contrast to 11b-hydroxylase deficiency, sex steroid production is decreased.

	29.	 What	are	the	important	clinical	features	of	17a-hydroxylase	deficiency	(Biglieri	syndrome)?
• Because patients with 17a-hydroxylase deficiency do not have excessive androgen synthesis, they 

tend to present later than patients with 11b-hydroxylase deficiency.
• Males may present with incomplete virilization, and females may present with primary amenorrhea 

and sexual infantilism at the time of puberty.
• Occasionally, genetic males with a female phenotype may present for evaluation of a hernia or  

inguinal mass.
• Mineralocorticoid excess leads to hypokalemic metabolic alkalosis and low-renin hypertension.

	30.	 Explain	the	pathophysiology	of	hypertension	in	patients	with	17a-hydroxylase	deficiency.
As in patients with 11b-hydroxylase deficiency, hypertension is the result of volume expansion medi-
ated by increased levels of DOC.

	31.	 How	is	CAH	diagnosed?
Patients with various forms of CAH are diagnosed by their clinical features and plasma and urine  
steroid profiles. In general, the corticotropin stimulation test results in marked elevation of precursor 
steroids proximal to the deficient enzyme. Neonatal screening for 21-hydroxylase deficiency is avail-
able across the United States and in many countries worldwide. There is currently no screening  
program for the hypertensive forms of CAH because of the low incidence of these disorders.

	32.	 In	which	patients	with	hypertension	should	CAH	be	considered	in	the	differential	diagnosis?
All patients with hypertension with the following:
• Hypokalemic metabolic alkalosis
• Abnormal external genitalia (virilized female, incompletely virilized male, or infantile female)
• History of infertility

	33.	 Discuss	the	treatment	options	for	CAH.
In general, CAH is treated with the long-term administration of hydrocortisone at a dose of 10 to 15 mg/m2 
per day. This provides negative feedback to the pituitary, decreases corticotropin release, and corrects ex-
cessive mineralocorticoid and sex steroid synthesis. In salt-wasting forms of CAH, such as 21-hydroxylase 
deficiency, the administration of fludrocortisone and sodium chloride is usually necessary. Virilized fe-
males with 11b-hydroxylase deficiency require surgical correction of the external genitalia. Sex steroids 
are necessary in patients with hypogonadotropic hypogonadism, such as in 17a-hydroxylase deficiency. 
Maternal treatment with dexamethasone during pregnancy has been successful in preventing abnormal 
fetal genital development. On the horizon is gene therapy, which works in adrenocortical cell lines and 
animal models.

	34.	 Which	antihypertensive	agents	are	most	often	used	for	patients	with	hypertension	and	CAH?
Potassium-sparing diuretics (spironolactone, possibly eplerenone, or amiloride) and calcium antagonists 
are used most often.

	35.	 Which	antihypertensive	agents	should	be	avoided?
Because renin is suppressed, angiotensin-converting enzyme inhibitors, direct renin inhibitors, and 
ARBs are unlikely to be effective. Thiazide diuretics should be avoided because of the increased risk 
of hypokalemia.
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PHEOCHROMOCYTOMA

	36.	 What	is	pheochromocytoma?
Pheochromocytoma is a catecholamine-producing tumor arising from the chromaffin cells of the sym-
pathetic nervous system derived embryonically from the primitive neural crest cells. Most pheochro-
mocytomas are found in the adrenal gland; the second most common site is the organ of Zuckerkandl 
(ganglia at the bifurcation of the aorta), although paragangliomas (which have very similar presenting 
features, evaluation, and treatment) can arise anywhere along the parasympathetic chain.

	37.	 What	is	the	incidence	of	pheochromocytoma?
The annual incidence is about 1.5 to 2.1 cases per million population.

	38.	 What	catecholamines	are	produced	by	pheochromocytoma?
Most pheochromocytomas secrete primarily norepinephrine. Epinephrine-secreting tumors are more 
commonly malignant or extra-adrenal in location. Very rarely, a tumor is deficient in dopamine beta-
hydroxylase; this causes secretion of large amounts of dopamine.

Pheochromocytomas also store and secrete many peptides: endogenous opioids, endothelin, 
erythropoietin, parathyroid hormone-related protein, neuropeptide-Y, and chromogranin-A; the latter 
has been used as a diagnostic marker.

	39.	 What	are	the	clinical	manifestations	of	pheochromocytoma?
The most common finding is hypertension, which occurs in more than 90% of patients but it is parox-
ysmal in 25% to 33% of cases. Hypertension is often accompanied (especially in paroxysmal hyper-
tension) by tachycardia, headache, tremor, sweating, and pupillary dilatation. Orthostatic hypotension 
may occur from decreased sympathetic reflexes, after downregulation of adrenergic receptors. Weight 
loss may result from chronic hypermetabolism. Hyperglycemia may occur as a consequence of the  
inhibitory effects of catecholamines on pancreatic beta cells.

	40.	 What	are	the	five	H’s	associated	with	pheochromocytoma?
This mnemonic derives from five of the following clinical manifestations:
• Hypertension
• Headache
• Hyperhidrosis
• Hyperglycemia
• Hypermetabolism

A large French series suggested that hypertension, headache, and hyperhydrosis are present in 
95% of cases diagnosed in that country.

	41.	 What	is	the	“rule	of	ten	(percent)”?
Classically, each of the following accounts for about 10% of all pheochromocytomas:
• Bilateral (in both adrenal glands)
• Extra-adrenal
• Malignant
• Familial (associated with multiple endocrine neoplasia [MEN] syndromes)
• Pediatric

In reality, few large series show the expected 10% incidence; recent data suggest that about 
20% of pheochromocytomas are heredofamilial (see next question).

	42.	 What	conditions	are	associated	with	pheochromocytoma?
• von Recklinghausen disease (neurofibromatosis)
• Tuberous sclerosis (de Bourneville or Pringle disease)
• Sturge-Weber syndrome
• von Hippel-Lindau disease
• Ataxia telangiectasia
• MEN syndromes:

• MEN type 2 (or 2a): pheochromocytoma (usually bilateral, but seldom synchronous), parathyroid 
adenoma, medullary thyroid carcinoma (which is typically diagnosed first)

• MEN type 3 (or 2b): pheochromocytoma, medullary carcinoma of thyroid, mucosal neuromas, 
abdominal gangliomas, Marfanoid body habitus (the prevalence of this syndrome is only about 
5% of that of MEN 2 or 2a)

• Familial paraganglioma (typically associated with mutations in the succinate dehydrogenase gene)
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	43.	 What	are	some	clinical	clues	to	the	diagnosis	of	pheochromocytoma?
• Sustained or paroxysmal hypertension associated with the triad of headache, palpitations, and  

diaphoresis
• Hypertension and family history of pheochromocytoma
• Refractory hypertension especially if associated with weight loss
• Sinus tachycardia
• Orthostatic hypotension
• Recurrent cardiac dysrhythmias
• Features of MEN type 2 (or 2a) or 3 (or 2b)
• Hypertensive crises during surgery or anesthesia (typically during induction)
• Pressor response to a beta-blocker
• Incidentally discovered adrenal mass

	44.	 What	are	the	most	common	causes	of	death	of	patients	with	pheochromocytoma?
• Myocardial infarction
• Malignant cardiac dysrhythmias
• Cerebrovascular accident
• Renal failure
• Dissecting aortic aneurysm

	45.	 Elaborate	on	the	biochemical	screening	for	pheochromocytoma.
Plasma metanephrines have the highest sensitivity (96%), but a low specificity (85%), so this test 
is most appropriate for patients at very high risk (e.g., those with family histories or strong histories 
and a positive scan). A 24-hour urine collection for fractionated metanephrines can be recommended 
for patients at low risk; vanillylmandelic acid (false-positive rate in patients at low risk 15%) and to-
tal catecholamines can be added for those at higher risk. Collecting a 24-hour urine after a “spell” 
can increase the sensitivity of urinary tests.

	46.	 What	are	the	potential	sources	of	error	in	chemical	screening	tests?
Plasma levels of catecholamines and metabolites may be falsely elevated with any type of 
stress. In patients with paroxysmal hypertension, urinary concentration of catecholamines and 
their metabolites may be normal if the 24-hour urine is collected when the patient is normoten-
sive and asymptomatic. Common drugs that affect catecholamine and metabolite levels are 
listed in Table 65.2.

	47.	 What	tests	should	be	performed	in	equivocal	cases?
A number of pharmacologic tests can be performed but usually are not necessary (Table 65.3).

	48.	 What	studies	are	used	to	localize	a	pheochromocytoma?
Imaging studies are generally indicated only after biochemical screening is positive. Using a scan as a 
screening test increases the risk of discovering an “incidentaloma” (i.e., a nonfunctioning tumor). CT 
scan or MRI of the abdomen is about 95% sensitive and 65% specific; the T2-weighted MRI has a 
higher specificity because chromaffin tumors usually “light up.” 123I-metaiodobenzylguanidine (MIBG) 
scintigraphy is about 80% sensitive and 99% specific for chromaffin tissue; it is usually used for large 
(.10 cm) tumors or to evaluate extra-adrenal tumors. When imaging studies are equivocal, soma-
tostatin receptor imaging, positron emission scanning, or even selective venous sampling of the vena 
cava at various levels can help locate the tumor.

Table 65.2. Common Drugs That Affect Catecholamine and Metabolite Levels

INCREASE DECREASE

Tricyclic antidepressants
Amphetamine(s)
Beta-blockers (labetalol, sotalol)
Benzodiazepines
L-dopa, methyldopa
Ethanol
Withdrawal from clonidine and other alpha-agonists

Metyrosine
Methylglucamine
Reserpine
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	49.	 What	is	the	treatment	of	choice	for	pheochromocytoma?
Surgical removal of the tumor is the treatment of choice and is curative in .90% of cases. Small, 
single tumors are now most often removed laparoscopically, but large tumors usually require the tradi-
tional midline incision, careful inspection of the paravertebral ganglionic chain, and longer recuperation. 
Medical therapy is used mainly for perioperative management. Chronic medical therapy in the form of 
a- and (sometimes) b-blockade or inhibition of catecholamine synthesis with a-methyl-paratyrosine 
can be used for patients with inoperable, recurrent, multicentric, or malignant pheochromocytoma.

	50.	 Describe	perioperative	management.
The goal of preoperative medical therapy is to control blood pressure (for 1 to 4 weeks prior to surgery) 
and to block the cardiovascular consequences of increased catecholamine levels. Alpha-blockers 
should be given first; phenoxybenzamine, a long-acting, oral, noncompetitive alpha-blocker, is pre-
ferred. The more selective, competitive, postsynaptic alpha1-blockers (prazosin, terazosin, doxazosin) 
have a shorter duration of action and provide incomplete a-blockade, so failures have been described. 
When tachycardia or cardiac dysrhythmias persist, a b-adrenergic blocker may be given, but only after 
achieving a-blockade to avoid unopposed a-receptor stimulation and further vasoconstriction.

	51.	 What	clinical	parameters	should	be	monitored	in	the	postoperative	period?
• Persistent hypertension reflects:

• Fluid overload
• Return of autonomic reflexes
• Inadvertent ligation of renal artery
• Presence of residual tumor

• Persistent hypotension often reflects:
• Blood loss
• Altered vascular compliance
• Residual effect of preoperative a-blockade
• Downregulation of adrenoceptors (left over from chronic stimulation preoperatively)

• Hypoglycemia
• Removal of inhibitory effect of catecholamines on pancreatic beta cells
• Increased sensitivity of the beta cells to glucose level after tumor removal
• Cessation of enflurane anesthesia, which leads to reflexive increase in insulin

• Assess risk for familial syndromes and possible genetic testing
• Serum calcium, calcitonin, and intact parathyroid hormone
• Ophthalmologist examination for retinal angiomas; consider head CT for cerebellar hemangio-

blastomas
• Consider mutation analysis for the ret proto-oncogene for familial and other high-risk cases

Table 65.3. Tests for Pheochromocytoma

TEST RATIONALE

Regitine® (phentolamine) test Phentolamine is an alpha-blocker, and a reduction in blood pres-
sure after its intravenous administration suggests a catecholamine 
excess. The test is neither sensitive nor specific

Histamine test This old test is seldom performed today because it is neither  
sensitive nor specific and can be dangerous

Glucagon stimulation test Glucagon stimulates catecholamine release and raises blood pres-
sure and pulse rate in a patient with a pheochromocytoma. The 
risk of precipitating a hypertensive crisis can be blocked by prior 
administration of an alpha-adrenoceptor antagonist

Clonidine suppression test Clonidine decreases central sympathetic outflow in normal or ner-
vous subjects, but does not suppress autonomous catecholamine 
production by a tumor. Failure to suppress plasma norepinephrine 
by more than 50%, and into the normal range, within 2–3 h after 
administration of an appropriate dose (0.2–0.3 mg) of clonidine is 
highly suggestive of a pheochromocytoma
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• Assess risk for residual tumor
• A screening test that was positive preoperatively should be repeated 1 to 2 weeks after surgery 

and annually thereafter

	52.	 What	about	treatment	for	malignant	pheochromocytoma?
Malignant pheochromocytoma accounts for less than 10% of all pheochromocytomas. These are usu-
ally slow growing and are poorly responsive to radiotherapy or chemotherapy. Surgical debulking is 
occasionally necessary to decrease catecholamine synthesis. High-dose radioactive MIBG has been 
used with some success to ablate primary and metastatic sites.

	53.	 What	is	the	prognosis	of	pheochromocytoma?
• 5-year survival:

• 95% in non-malignant pheochromocytoma
• ,50% in malignant pheochromocytoma

• Recurrence rate after surgery is ,10% in non-malignant pheochromocytoma.
• Resection cures hypertension in 75% of affected patients. In the remaining 25%, hypertension  

persists but is easier to control with standard antihypertensive agents.

 1. Hyperaldosteronism can be either primary (e.g., Conn adenoma, bilateral adrenal hyperplasia) or 
secondary (renovascular hypertension, sleep apnea). Primary hyperaldosteronism is distinguished 
by an elevated plasma aldosterone/renin ratio, although the test has frequent false positives.

 2. Although exogenous administration of corticosteroids is the most common cause of Cushing  
syndrome, a basophilic adenoma of the pituitary gland (Cushing disease) is the most common  
non-iatrogenic cause. It is classically diagnosed by a non-suppressed serum cortisol level  
after low-dose dexamethasone, but a suppressed serum cortisol level after high-dose  
dexamethasone.

 3. Although many treatments for Cushing syndrome exist, their success largely depends on accurate 
identification of the overproduced hormone and its source.

 4. Congenital adrenal hyperplasia is rarely seen in adults because pediatricians are so efficient at  
recognizing affected babies and children. For most, low-dose glucocorticoid (and occasional  
mineralocorticoid) therapy provides effective long-term treatment.

 5. Although very rare, patients with pheochromocytoma typically present with hypertension, head-
aches, and hyperhidrosis (excessive sweating). Patients can be diagnosed with either urinary or 
plasma catecholamine and/or metabolites. People with pheochromocytoma require pretreatment 
before surgery with alpha-blockers (and occasional beta-blockade) to prevent a hypertensive crisis. 
Other family members of patients with features of heredofamilial syndromes should be screened 
for these diseases.
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	 1.	 Besides	renovascular	and	the	traditional	endocrine	causes	of	hypertension,	what	are	eight
uncommon,	but	important,	causes	of	secondary	hypertension?
•	 Obstructive	sleep	apnea	(typically	causing	hyperaldosteronism)
•	 Drug-induced	hypertension	(especially	nonsteroidal	antiinflammatory	drugs,	steroids,	and/or	other

immunosuppressants)
•	 Thyroid	disorders	(hypothyroidism	more	commonly	than	hyperthyroidism)
•	 Coarctation	of	the	aorta	(typically	manifested	as	different	blood	pressures	in	the	arms	or	a	lower

blood	pressure	in	the	legs)
•	 Hyperparathyroidism	(hypertension	is	found	in	only	10%	of	patients	with	hyperparathyroidism	in

the	general	population	and	up	to	60%	of	those	with	additional	endocrinopathies,	especially	multiple
endocrine	neoplasia	syndrome.	Removal	of	the	parathyroid	adenoma	does	not	always	lower	blood
pressure

•	 Acromegaly	(18%	to	60%	[increasing	with	age	at	diagnosis]	of	patients	with	acromegaly	have	hy-
pertension;	many	have	left	ventricular	hypertrophy;	most	respond	well	to	antihypertensive	drugs;
and	some	have	blood	pressures	that	revert	to	normal	when	the	acromegaly	is	cured)

•	 “Neurogenic”	hypertension
•	 Liddle	syndrome	(a	rare	genetic	disorder	that	is	also	called	pseudohyperaldosteronism)

	 2.	 What	is	the	usual	sequence	of	diagnostic	and	therapeutic	steps	for	patients	with	sleep	apnea?
Most	such	patients	are	overweight	or	obese,	and	many	have	bed	partners	who	note	snoring	and/or
witness	apneic	episodes	during	sleep.	The	Berlin	questionnaire	may	be	useful	in	screening,	but	a
polysomnographic	sleep	study	is	typically	required	for	diagnosis.	Cohort	studies	have	shown	a	signifi-
cant	improvement	in	survival	if	continuous	positive	airway	pressure	(CPAP)	is	used	during	sleep;	a
meta-analysis	of	18	randomized,	clinical	trials	suggests	that	CPAP	significantly	lowers	24-hour	ambu-
latory	blood	pressures	(by	about	2/2	mm	Hg)	but	not	cardiovascular	events	(odds	ratio	[OR]	5	0.84,
95%	confidence	interval	[CI]:	0.62	to	1.13)	or	death	(OR	5	0.85,	95%	CI:	0.35	to	2.06).	In	patients
with	hyperaldosteronism	and	sleep	apnea,	CPAP	is	recommended	primarily	for	its	improvement	in
quality	of	life;	blood	pressure	can	typically	be	reduced	even	further	by	adding	spironolactone	or
eplerenone;	a	serum	aldosterone/renin	ratio	is	often	measured	before	starting	such	treatment.

	 3.	 What	are	the	most	common	drug-induced	causes	of	hypertension?
Nonsteroidal	antiinflammatory	drugs	(including	agents	that	are	more	selective	for	the	second	isoform
of	cyclooxygenase,	e.g.,	celecoxib)	are	probably	the	most	common	cause	of	drug-induced	hyperten-
sion	due	to	their	widespread,	unregulated	use.	The	mechanism	is	not	well	worked	out,	although
alteration	in	intrarenal	prostaglandin	metabolism,	sodium	retention,	and	edema	formation	is	likely.

Anabolic	steroids,	glucocorticoids,	and	mineralocorticoids	all	raise	blood	pressure,	and	the	usual
recommendation	is	to	use	the	lowest	possible	dose	for	the	shortest	possible	time	to	decrease	the	risk
of	long-term	consequences	(including	hypertension	and	its	sequelae).

Patients	with	chronic	kidney	disease	or	transplant	recipients	often	take	drugs	that	raise	blood
pressure,	including	cyclosporine,	erythropoietin,	and	tacrolimus.	Elevated	blood	pressures	after	use	of
tyrosine	kinase	inhibitors	(given	for	various	cancers)	are	associated	with	a	favorable	tumor	response.
These	drugs	are	so	important	for	the	patient’s	overall	health	that	they	are	continued,	and	more
antihypertensive	agents	are	added.

Many	“street”	drugs	can	raise	blood	pressure	acutely;	acute	withdrawal	from	nicotine,	heroin,	or
other	opioids	can	have	the	same	effect.	The	drugs	most	often	causing	hypertension	in	an	Emergency
Department	setting	are	cocaine,	methylphenidate	(or	other	stimulants),	gamma-hydroxybutyrate,	ketamine,
and	ergotamine.	Chronic	ingestion	of	alcohol	increases	the	risk	of	hypertension;	a	meta-analysis	of
36	trials	involving	2865	participants	showed	a	dose-dependent,	significant	reduction	in	blood	pressure
(by	5.5/3.0	mm	Hg,	on	average)	in	those	who	reduced	their	consumption	from	.2	drinks/day.



OTHER FORMS OF SECONDARY HYPERTENSION 461

A	large	variety	of	other	prescription	drugs	(e.g.,	phenylpropanolamines,	oral	contraceptive	pills,	
venlafaxine)	can	raise	blood	pressure.	A	wide	variety	of	other	drugs	can	interfere	with	antihyperten-
sive	medications	either	directly	or	via	inhibition	of	metabolic	pathways	(typically	hepatic	cytochrome	
P450	or	CYP	oxidoreductases).	Stimulants	used	in	the	treatment	of	ADHD	can	cause	hypertension.	
methylphenidate,	dextroamphetamine,	and	lisdexamfetamine	can	cause	hypertension.

	 4.	 What	are	the	“usual	and	customary”	antihypertensive	treatment	strategies	for	patients	who	have	
drug-induced	hypertension?
See	Table	66.1.

	 5.	 What	are	three	primary	diseases	of	the	thyroid	that	can	affect	blood	pressure?
•	 Hypothyroidism	is	the	most	common	thyroid	disease	that	is	associated	with	hypertension	(3%	of	

newly	diagnosed	hypertensives),	although	the	mechanism	is	unclear.	After	appropriate	thyroid	re-
placement,	blood	pressure	typically	falls	without	specific	antihypertensive	therapy.	Because	hypo-
thyroidism	is	a	rare	cause	of	secondary	hypertension,	a	serum-ultrasensitive	thyroid-stimulating	
hormone	was	not	generally	recommended	as	an	initial	test	for	all	patients	newly	diagnosed	with		
hypertension	until	the	2017	American	College	of	Cardiology/American	Heart	Association		
hypertension	guidelines	(although	other	historical	and	physical	findings	might	justify	it).

•	 Hyperthyroidism	typically	presents	in	younger	patients	with	tachycardia,	hypertension,	a	wide	
pulse	pressure,	and	other	traditional	signs,	but	older	people	sometimes	lack	one	or	more	of	these	
typical	features.	The	now-standard	initial	test	is	a	serum-ultrasensitive	thyroid-stimulating	hor-
mone	level.	Therapy	is	usually	propranolol,	which	treats	the	hypertension,	tachycardia,	and	(at	least	
according	to	traditional	pharmacologic	teachings,	now	widely	challenged)	inhibits	the	peripheral	
conversion	of	thyroxine	(T4)	to	triiodothyronine	(T3).

	 6.	 What	is	the	usual	anatomy	of	coarctation	of	the	aorta,	its	typical	signs,	and	diagnostic	evaluation	
scheme?
Although	congenital	localized	narrowing	of	the	aorta	may	occur	anywhere	between	the	aortic	valve	and	
the	abdominal	aorta,	it	most	commonly	occurs	in	adults	near	or	at	the	location	of	the	former	ductus	ar-
teriosus	(ligamentum	arteriosum	after	regression).	It	is	the	fourth	leading	cause	of	congenital	heart	dis-
ease,	but	it	is	an	uncommon	cause	of	hypertension	in	children	and	is	even	less	common	in	adults.	
Physical	examination	nearly	always	shows	a	lower	blood	pressure	in	the	leg	(measured	supine,	with	a	
cuff	over	the	thigh	and	auscultating	in	the	popliteal	fossa),	radial-femoral	delay,	and	diminished	pulses	
in	the	lower	extremities.	Continuous	cardiac	murmurs	are	common	in	chronic	untreated	coarctation,	as	
a	result	of	development	of	collateral	blood	flow	around	the	narrowing.	The	classic	chest	x-ray	findings	
include	rib	notching	(from	dilated	intercostal	arteries	on	the	inferior	surfaces	of	ribs)	and	the	“3	sign”	
(consisting	of	a	dilated	proximal	aorta,	the	coarctation,	and	the	poststenotic	dilatation).	An	esophagram	
(obtained	after	swallowing	barium	or	other	contrast	medium)	often	shows	the	“reverse	3”	sign.	The	
most	useful	diagnostic	test	for	patients	suspected	of	having	a	coarctation	is	an	echocardiogram;	some	
centers	prefer	magnetic	resonance	angiograms,	although	some	surgeons	still	require	traditional	aortog-
raphy	and	a	full	cardiac	catheterization	in	adults	to	prove	the	absence	of	major	coronary	heart	disease	
and/or	other	associated	congenital	anomalies.

Table 66.1. Antihypertensive Treatments for Drug-Induced Hypertension

DRUGS THAT INDUCE HYPERTENSION
ANTIHYPERTENSIVE DRUG 
TREATMENT(S)

Corticosteroids,	mineralocorticoids Angiotensin-converting	enzyme	inhibitor,	diuretic

Nonsteroidal	antiinflammatory	drug Diuretic,	calcium	antagonist,	maybe		
alpha-1-blocker

Phenylpropanolamine(s) Beta-blocker

Nasal	decongestant(s) Alpha-1-blocker	or	alpha-beta-blocker

Cocaine Alpha-blocker	(typically	phentolamine)

Antidepressants	(monoamine	oxidase	inhibitors,	
serotonin	reuptake	inhibitors,	etc.)

Alpha-blocker,	calcium	antagonist	(?)

Oral	contraceptive	pills None;	stop	oral	contraceptive	pills	instead
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	 7.	 What	are	the	recommended	treatment	options	for	patients	with	coarctation	of	the	aorta	and	their	
effects	on	hypertension	and	mortality?
Multiple	surgical	procedures	have	been	used,	including	resection	of	the	involved	aortic	segment	with	
end-to-end	reanastomosis,	grafting	of	an	overlying	aortic	flap,	and/or	placement	of	a	synthetic	graft.	
More	recently,	balloon	angioplasty	has	been	successful	in	many	infants	and	children,	but	the	proce-
dure	can	be	technically	challenging	in	adolescents	and	adults.	If	left	untreated,	about	50%	of	patients	
with	coarctation	die	by	age	30;	the	30-year	survival	improves	to	93%	if	successfully	repaired	before	
age	5	years.	Hypertension	is	“cured”	in	about	50%	of	children	who	have	successful	repairs	of	coarc-
tation.	When	the	coarctation	is	discovered	in	an	adult,	the	life	expectancy	is	reduced,	primarily	be-
cause	the	hypertension	is	more	difficult	to	control	(and	often	does	not	disappear	after	repair),	and	
more	target	organ	damage	has	already	occurred.

	 8.	 What	is	the	relationship	between	hypertension	and	hyperparathyroidism?
Hypertension	occurs	in	a	variable	proportion	of	patients	with	primary	hyperparathyroidism,	depending	
on	the	population	surveyed;	“cure”	of	hypertension	is	similarly	unpredictable	after	resection	of	the	
parathyroid	adenoma.	Oddly	enough,	other	chronic	conditions	that	produce	similar	levels	of	hypercal-
cemia	(e.g.,	sarcoidosis,	myeloma,	or	other	malignancies)	are	not	associated	with	hypertension.	This	
has	led	to	increased	attention	to	the	serum	parathyroid	hypertensive	factor,	a	unique	3000	to	4000	Da	
protein,	which	is	normally	released	from	parathyroid	glands,	and	raises	blood	pressure	when	infused	
into	rats	or	humans.	Although	its	plasma	concentration	can	now	be	measured	by	radioimmunoassay,	
it	is	not	routinely	measured	in	clinical	laboratories.

	 9.	 What	is	the	relationship	between	hypertension	and	acromegaly?
Although	human	growth	hormone	and	insulin-like	growth	factor-1	(somatomedin	C)	may	increase	
blood	pressure	a	little	(and	treatment	of	normotensive	people	with	acromegaly	lowers	blood	pressure	
a	little),	most	authorities	attribute	the	higher-than-expected	prevalence	of	hypertension	in	patients	
with	acromegaly	to	their	hypertrophied	hearts	and	vascular	systems;	sleep	apnea	also	plays	a	role.	
Octreotide	and	other	antagonists	of	growth	hormone	have	little	antihypertensive	effect.	Treating	hy-
pertension	in	acromegaly	probably	improves	their	prognosis	because	most	of	them	die	of	premature	
cardiovascular	disease.

	10.	 What	is	neurogenic	hypertension?	What	are	the	most	common	forms?	Are	there	any	specific		
treatments?
Any	pathologic	process	that	acutely	increases	intracranial	pressure	can	cause	hypertension	and	bra-
dycardia,	which	is	known	as	the	Cushing	reflex.	Thus,	acute	stroke,	intracranial	tumors,	severe	head	
injury,	and	occasionally	patients	with	quadriplegia	and	other	spinal	cord	pathology	are	often	compli-
cated	by	new-onset	hypertension	or	worsened	blood	pressure	control	in	those	with	a	prior	history	of	
hypertension.	In	most	cases,	addressing	the	primary	neurologic	problem	lowers	blood	pressure,	often	
in	as	little	as	24	hours.	The	presumed	mechanism	is	neurovascular	compression	of	the	left	ventrolat-
eral	medulla	and	associated	sympathetic	nervous	system	stimulation.

	11.	 What	are	the	common	causes	of,	and	the	treatment	options	for,	neurogenic	orthostatic	hypertension?
Neurogenic	orthostatic	hypotension	is	a	distinctive	and	often	treatable	sign	of	cardiovascular	auto-
nomic	dysfunction.	It	is	caused	by	a	failure	of	noradrenergic	neurotransmission,	and	is	most	often	
associated	with	diabetic	neuropathy,	Parkinson	disease,	dementia	with	Lewy	bodies,	multiple	system	
atrophy,	or	pure	autonomic	failure	(in	order	of	increasing	risk).	It	has	a	prevalence	of	5%	to	30%	in	
older,	general	US	populations.	The	loss	of	homeostatic	mechanisms	to	control	blood	pressure	fluctu-
ations	raises	blood	pressure	while	supine,	while	causing	orthostatic	hypotension,	typically	within		
6	seconds	after	assuming	a	seated	or	standing	position.	These	changes	are	most	easily	demon-
strated	during	a	tilt-table	test.	Affected	patients	often	need	short-acting	antihypertensive	medica-
tions	(e.g.,	clonidine)	at	bedtime	and	stimulants	(e.g.,	midodrine,	droxidopa)	during	the	day.

	12.	 What	is	the	genetic	defect	in	Liddle	syndrome,	and	how	are	such	patients	treated?
Liddle	syndrome	is	a	rare	(30	pedigrees	described	through	2008)	autosomal-dominant	disorder	
caused	by	a	gain	of	function	mutation	of	the	epithelial	sodium	channel	(ENaC)	in	the	cortical	collecting	
tubule.	The	mutation	causes	increased	sodium	reabsorption,	volume	expansion,	and	blood	pressure.	
The	clinical	presentation	is	distinguished	from	hyperaldosteronism	by	the	low	serum	aldosterone,	but	
hypokalemia,	metabolic	alkalosis,	and	hypertension	are	present	in	both.	Treatment	with	amiloride	or	
triamterene	blocks	the	constituently	active	ENaC	in	the	collecting	tubule,	corrects	the	hypokalemia,	
and	lowers	blood	pressure.	Spironolactone	or	eplerenone	is	ineffective	because	aldosterone	is	not		
primarily	involved	in	the	pathogenesis	of	Liddle	syndrome.
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	1.	 Obstructive	sleep	apnea	is	a	recognized	cause	of	hypertension	because	we	have	methods	for	effi-
cient	screening	(with	the	Berlin	questionnaire),	diagnosis	(with	overnight	polysomnographic	testing,	
often	in	the	home),	and	treatment	(typically	involving	aldosterone	antagonists),	in	addition	to	CPAP	
during	sleep.

	2.	 The	most	common	cause	of	drug-induced	hypertension	is	nonsteroidal	antiinflammatory	drugs.	
Other	drugs	that	cause	hypertension	include	steroids,	cyclosporine,	erythropoietin,	tyrosine	kinase	
inhibitors,	or	tacrolimus.

	3.	 Hypothyroidism	is	a	more	common	cause	of	hypertension	than	hyperthyroidism,	but	routine	testing	of	
serum	thyroid-stimulating	hormone	was	not	warranted	at	diagnosis	for	all	patients	with	hypertension	
until	the	2017	ACC/AHA	hypertension	guidelines.

	4.	 Coarctation	of	the	aorta	should	be	suspected	if	there	is	a	lower	blood	pressure	in	an	arm	or	a	leg	
compared	to	the	other	arm	or	leg;	an	echocardiogram	can	confirm	the	diagnosis	in	most	cases,	
and	endoluminal	therapies	are	available	(and	are	especially	useful	in	younger	children).

	5.	 The	many	single-gene	mutations	associated	with	hypertension	have	taught	us	a	great	deal	about	
hypertension,	but	they	account	for	a	tiny	fraction	of	the	prevalence	of	the	condition.

KEY POINTS

http://dx.doi:%2010.1016/j.jacc.2017.11.006


464

RESISTANT HYPERTENSION
Susan Patricia Steigerwalt

CH
AP

TE
R 

67

	 1.	 What	is	resistant	hypertension	(RH)?	Is	it	the	same	as	refractory	hypertension?
Hypertension is considered resistant if the blood pressure (BP) cannot be reduced below target levels 
(Box 67.1) in patients who are compliant with an optimal triple-drug regimen that includes a diuretic 
typically with an angiotensin converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB) 
plus calcium channel blocker (CCB), or those who have controlled BP but are on four or more  
medications to achieve BP control. RH is increasing in frequency due to increased age and obesity. 
Most patients with hypertension respond favorably to 1 to 3 antihypertensive drugs. RH is present in 
about 21% of U.S. adults with hypertension, though a much smaller fraction, about 3%, are truly  
refractory. Refractory hypertension is an inability to control high BP with the use of five or more 
classes of antihypertensive agents, including a long-acting thiazide-type diuretic, such as chlorthalidone, 
and a mineralocorticoid receptor antagonist, such as spironolactone. As with the definition of RH, this  
diagnosis does not take into account out-of-office BP. Up to 37% of patients labeled as resistant 
hypertension are actually controlled when BP is measured by 24-hour ambulatory BP monitoring.

Box 67.1. Causes of Refractory Hypertension

• Pseudoresistance
• White-coat hypertension (see measurement)
• Pseudohypertension in older patients (rare)
• Use of small cuff in patients who are obese

• Nonadherence to prescribed therapy; present to some degree in 50%
• Volume overload
• Drug-related causes

• Doses too low
• Wrong type of diuretic
• Inappropriate combinations
• Drug actions and interactions
• Sympathomimetics

• Nasal decongestants
• Stimulants, particularly medications for attention deficit hyperactivity disorder (methylphenidate), narcolepsy 

(modafinil), and appetite suppressants
• Cocaine
• Oral contraceptives (rare)
• Adrenal steroids
• Licorice (as may be found in chewing tobacco)
• Cyclosporine, tacrolimus
• Erythropoietin
• Antidepressants, particularly monoamine oxidase inhibitors and the selective serotonin reuptake inhibitors-

SSNI venlafaxine
• Nonsteroidal antiinflammatory drugs

• Concomitant conditions
• Obesity
• Sleep apnea (present in up to 90% of patients with RH)
• Ethanol intake of more than 1 oz (30 mL) per day
• Severe emotional trauma resulting in labile blood pressure surges (pseudopheochromocytoma)
• Anxiety, hyperventilation

• Secondary causes of hypertension (e.g., primary aldosteronism, renovascular hypertension, adrenal causes, 
and kidney disease, etc.)
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Both patients with RH, whether controlled (on four pills) or uncontrolled (on three), and refractory 
hypertension (uncontrolled on five) have increased cardiovascular risk. This is true for patients with 
and without chronic kidney disease (CKD). African Americans and patients with CKD are at elevated 
risk of resistant or refractory hypertension.

Although the definition of RH is currently “in-office BP greater than 140/90,” the SPRINT trial  
has called into question that BP goal established by clinical practice guidelines, at least in high-risk 
patients, and the manner of BP measurement. This means that the definition of RH may change too.

If a patient’s BP is uncontrolled on multiple antihypertensive drugs, but one of them is not a  
diuretic, a diagnosis of RH should be delayed until after a trial of a properly dosed diuretic. It is  
worthwhile remembering that an “optimal” dose may not necessarily equate to a “full” dose. An  
optimal dose is the highest dose tolerated by the patient, or a dose governed by concomitant conditions, 
such as CKD or congestive heart failure.

	 2.	 Discuss	the	epidemiology	of	RH.
Although not representing typical office practices, the data from the Anti-hypertensive and Lipid- 
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) provides an estimate of the prevalence of 
RH in the community setting. In ALLHAT, 34% of the study participants had BP .140/90 mostly on 
two medications, with 27% requiring three or more medications. Based on the 5-year observations in 
ALLHAT, the incidence of RH was approximately 15%. In the Controlled ONset Verapamil INvestigation 
of Cardiovascular End Points (CONVINCE) study, 18% of the patients had a BP level .140/90 mm Hg 
on three or more medications.

Patients with diabetes are more resistant to antihypertensive drugs than nondiabetic subjects 
are, so they will typically require more antihypertensive drugs to achieve goal BP.

	 3.	 What	are	the	most	common	causes	of	RH?
When a patient with hypertension demonstrates RH, proper management requires the identification of 
possible etiologies (Table 67.1). Before making drastic therapeutic changes, certain questions should 
come to the physician’s mind:
• Does the patient truly have “resistant hypertension”?

BP measurement is key to the diagnosis of RH. Evaluate BP appropriately with cuffs allowing unob-
served automated BP: either the Omron 907 XL, which was used in the SPRINT trial (5-minute 
rest followed by three readings 1 minute apart), or the BPTru, which measures six readings  
after 1-minute rest, deletes the first reading, then averages the last five. These methods are 
accurate, validated, and correlate with target organ damage. On average, using either auto-
mated cuff, the systolic BP (SBP) readings are 8 to 15 mm lower than casual office BP read-
ings. There is considerable inter-individual variability in the degree of difference, so one can-
not reliably adjust casual office readings to approximate automated readings. The solution is 
for offices to adopt automated BP machines.

In a large Spanish cohort of patients with RH, 24-hour ambulatory BP measurements showed that one-
third of patients diagnosed with RH in the office have BPs that were well controlled out of office.

The BP cuff needs to circle 80% of the upper arm and needs to be greater than 40% of the length 
of the upper arm to be accurate. Accurate BP readings require that the patients have their  
feet on the floor, their back supported, their arm at the level of their heart, and their urinary 
bladder empty.

Table 67.1. JNC 7 Classifications

OFFICE BP CLASSIFICATION SBP (mm HG) DBP (mm HG)

Normal ,120 and ,80

Prehypertension 120–139 or 80–89

Stage I hypertension 140–159 or 90–99

Stage II hypertension $160 or $100

24-hour ABPM: average ,130/80; daytime ,135/85; nighttime ,120/75
ABPM, Ambulatory blood pressure monitoring; BP, blood pressure; DBP, diastolic blood pressure; JNC 7, 

seventh report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of 
High Blood Pressure; SBP, systolic blood pressure.
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• Are there any patient/environmental factors?
• Nonadherence is common. When blood or urine drug testing is used to confirm adherence of

hypertensive patients to their prescribed medication, up to 50% of patients are at least partially
nonadherent. The most accurate method to assess adherence, which has not been tested widely
in office practice, is high-performance liquid chromatography (HPLC)-mass spectroscopy of
blood or urine, to look for prescribed medications. HPLC-mass spectroscopy is an analytical
chemistry technique that identifies complex compounds, including antihypertensive medications.
Its availability and cost varies. It is widely available in Europe but not in the United States.

• Alternatives to biochemical testing of compliance include having patients bring pill bottles or
calling the pharmacy about refills at each visit. The increase in cardiovascular risk noted in
RH has been studied in populations where some nonadherence is very likely. So, although
nonadherence may be present in RH, it is not a “cause” per se.

• Common medications the patient may be taking that will increase BP. Methylphenidate, venlafaxine,
and daily use of nonsteroidal antiinflammatory agents can all raise the BP. Vascular endothelial
growth factor inhibitors, high-dose steroids, and calcineurin inhibitors all worsen BP. European
black licorice, found in complementary alternative medications and chewing tobacco, plus
traditional Chinese medicines and other supplements may have enough glycyrrhizic acid to
cause pseudohyperaldosteronism. Many supplements do not accurately list their ingredients.

• Many patients are inadequately diuresed. Hydrochlorothiazide and furosemide do not lower
BP over a 24-hour period. Chlorthalidone is a thiazide-type diuretic that is superior to
hydrochlorothiazide for controlling BP and preventing cardiovascular events. Its effectiveness
is likely due to its long duration of action. Additionally, there are data showing effective BP
control down to an estimated glomerular filtration rate of 20, and a larger, confirmatory trial is
under way. In patients that require loop diuretics, torsemide is a better choice than furosemide
due to its long half-life and predictable bioavailability.

• Most patients with RH consume a high-sodium diet. The Dietary Approaches to Stopping Hyper-
tension (DASH) diet, along with sodium restriction, can significantly improve BP. In the original
study, BPs dropped 8 to 13 mm Hg systolic in the hypertensive sub-cohort. Sustained sodium
restriction may result in profound improvements in SBP (13 to 17 mm Hg) in CKD stage 3 and
4 hypertensive patients.

• Exercise for 30 minutes 5 days a week has been shown to be the equivalent of an additional
drug in patients with RH.

• It has been reported that cigarette smoking can interfere with BP control mechanisms. Smoking
cessation should be encouraged to stabilize kidney function and decrease cardiovascular risk.

• Excessive alcohol consumption (more than 2 oz or 60 mL daily) raises the SBP, sometimes to
dangerously high levels.

• Obesity is an important cause of a lot of hypertension. To date, no careful trials have been per-
formed in RH, but the usual weight-appropriate recommendations for structured weight loss or
bariatric surgery (which does reduce BP) may result in improvement in otherwise RH.

• Pseudopheochromocytoma. Severe emotional stress in childhood or young adulthood, such as
incest, witnessed suicide, or chronic severe unremitting stress, may be associated with labile
hypertension without overt anxiety. It has been described as a calm panic attack. The preferred
drugs include alpha blockers, antidepressants, and b-blockers.

• Does the patient have a secondary form of hypertension, such as primary aldosteronism or
renovascular disease?
Screen all patients with RH with an aldosterone renin ratio. An elevated aldosterone and suppressed re-

nin is indicative of primary aldosteronism. Fully 20% of resistant hypertensives screen positive for
primary aldosteronism. If the screen is positive (aldosterone at or near 15, renin less than 1), follow
up with further evaluation. The Endocrine Society updated its guidelines on primary aldosteronism
in 2016. If an adenoma is found on a computed tomography scan as part of the evaluation, the pa-
tient should also be screened for cortisol excess. Although pheochromocytoma is vanishingly rare, it
is easily ruled out with a plasma metanephrine and normetanephrine assay.

In older patients, if clinical suspicion is high due to diffuse vascular disease and recurrent bouts of pul-
monary edema, or persistent azotemia with the use of an angiotensin-converting enzyme (ACE)
inhibitor, further evaluation for renal artery stenosis is indicated, although careful selection of pa-
tients for renal revascularization is critical. A subset of patients in the Cardiovascular Outcomes in
Renal Atherosclerotic Lesions (CORAL) study without proteinuria had good outcomes with stenting.

Consider polycystic ovary syndrome in young women with refractory hypertension. Rare adrenal
(11 and 17-hydroxylase deficiency) and mineralocorticoid receptor alterations (Liddles, 11 b-OH
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SD deficiency), which usually manifests in childhood, may cause RH. It is also important to check 
thigh BP measurement in patients younger than age 30 to screen for coarctation of the aorta.

• Does the patient have obstructive sleep apnea?
Always evaluate patients with RH for sleep apnea. Examine their mouth for a Mallampati score and 

perform a sleep apnea screen, such as the STOP-BANG or Epworth sleepiness scale. Refer 
appropriately for a positive screen. Large drops in BP with treatment are disappointingly rare; 
however, treatment of sleep apnea may improve diabetes and ease weight loss. Patients with 
excessive daytime sleepiness that improves following continuous positive airway pressure 
may have a greater drop in BP, which is otherwise typically only 2 to 3 mm Hg.

DRUG INTERACTIONS
Drug interactions can occur due to alterations in the drug pharmacokinetics or pharmacodynamics of  
concomitant drugs administered for different indications (Table 67.2).

	 4.	 Are	there	any	particular	recommended	drug	treatment	add-ons	or	combination	regimens	for	RH?
The PATHWAY-2 trial showed spironolactone to be the best choice as the fourth-line drug, except  
in those whose renin level is extremely elevated. In patients with CKD, there is concern regarding  
hyperkalemia. In CKD stages 1 to 3, if the initial potassium is less than 4.5 when adding 25 mg of 
spironolactone, hyperkalemia is rare; nevertheless, it is mandatory to check the potassium at 1 and  
4 weeks after the initiation of treatment. It is also important to forewarn patients that if they become 
ill or stop eating and drinking, to discontinue spironolactone and proceed to an emergency room for  
a potassium measurement. Although a small observational trial showed improved BP in CKD stage 4, 
the risk of hyperkalemia precludes further recommending it. There is currently interest in the use  
of novel oral potassium binders (e.g., patiromer in combination with spironolactone) to control  
hyperkalemia while offering the benefit of a mineralocorticoid antagonist. This is being studied in  
patients with RH in the AMBER trial.

Combination calcium channel blocker regimens (from dihydropyridine and non-dihydropyridine 
groups) have been demonstrated to be synergistic for BP control in this population. Decreasing the  
total pill burden with combination therapy may improve adherence.

In CKD, activation of the sympathetic nervous system is present, and clonidine twice daily or 
once daily guanfacine may be a helpful add-on after spironolactone. Somnolence and bradycardia can 
occur with these drugs, as well as rebound hypertension from abrupt cessation.

	 5.	 What	is	the	role	of	volume	regulation	in	RH?	How	does	it	interfere	with	the	efficacy	of		
antihypertensive	agents?
Volume overload from any underlying mechanism may not only increase the BP but may offset the  
effectiveness of antihypertensive drugs. Excessive salt intake and retention increases the plasma  
volume and causes resistance to antihypertensive drugs, and can actually raise the BP in some  
patients. Elderly and African American patients are particularly sensitive to fluid overload, as are  
patients with chronic kidney disease and congestive heart failure. Some antihypertensive drugs, such  
as direct vasodilators, antiadrenergic agents, and most of the non-diuretic antihypertensive drugs,  
cause plasma and extracellular fluid expansion, thus interfering with BP control. Of all the non-diuretic  
antihypertensive drugs, ACE inhibitors, angiotensin receptor blockers, and calcium antagonists are the 
least likely to cause fluid retention. Antihypertensive responsiveness can be regained by restricting  
the sodium intake; adding or increasing the dose of the diuretic; and, in some instances, switching  

Table 67.2. Drug Interactions That May Lead to Resistant Hypertension

ANTIHYPERTENSIVE AGENTS INTERACTING DRUGS

Chlorthalidone, indapamide Cholestyramine

Propranolol Rifampin

Angiotensin-converting enzyme inhibitors Indomethacin

Diuretics Indomethacin

All drugs Cocaine
Tricyclics
Prescription stimulants
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to a loop diuretic from thiazides. In patients with advanced CKD, dialysis might be required for the  
adequate control of BP. Hypertension may be seemingly refractory if the antihypertensive drugs are 
used in suboptimal doses, or when an inappropriate diuretic is used (e.g., using a thiazide-type  
diuretic as opposed to a loop diuretic in patients with chronic kidney disease, congestive heart failure,  
and in those who are taking potent vasodilators, such as minoxidil or hydralazine). Inappropriate  
combinations can also limit their therapeutic potential. Adverse drug–drug interactions can raise the 
BP in patients with and without hypertension.

	 6.	 What	are	the	treatment	options	for	RH—a	philosophical	approach?
Rational management of RH requires a systematic approach based on the direct causes of the RH 
(see above). It should be re-emphasized that because uncontrolled hypertension can cause significant 
morbidity and mortality, aggressive therapeutic management should be implemented. An overall  
management approach should be based on careful evaluation and rational medical therapy, which 
may be complex.

Doctors should try to reduce the pill burden with combination medications where possible.
Correction of volume overload is one of the key strategies in managing RH. Excessive salt  

intake must be curtailed. Adequate diuretic therapy should be implemented. The doses of  
antihypertensive drugs should be titrated systematically to determine whether the patient is  
responding to the treatment. Drug interactions should be considered and eliminated in the treatment 
of hypertension. Patients should be supplied with a complete list of drugs that can increase BP:  
steroids, oral contraceptives, sympathomimetics, nasal decongestants, cocaine, appetite suppressants, 
and so on. Patients should be counseled about alcohol consumption, weight control, salt intake,  
and regular physical activity. Conditions such as obstructive sleep apnea or chronic pain should be 
vigorously addressed.

Secondary causes of hypertension, such as those listed in Box 67.2, should be considered in 
the overall evaluation of patients with RH. Any underlying cause should be corrected, if possible, to 
permit better BP control. Patients with RH experience and suffer from a high degree of target organ 
damage.

Assuming that the hypertension has failed to respond to conventional therapies, consideration 
should be given to the use of hydralazine or minoxidil (in conjunction with a b-blocker and a diuretic). 
Because direct vasodilators cause significant reflex activation of sympathetic nervous system and 
fluid retention, their use should be accompanied by the co-administration of a b-blocker and a loop 
diuretic.

Aggressive cardiovascular risk management is mandatory in patients with RH due to their  
increased risk of events.

Another current consideration is referral to a center that performs clinical trials on renal denervation. 
The DenervHTN trial just reported from Europe shows an additive effect of renal denervation to  
maximum medical therapy in refractory hypertension patients, (average 5.1 medications) controlled 
for adherence. In the near future, clinical trials on carotid baroreceptors stimulation, and iliac  
arteriovenous fistulae may also be restarted.

Referral to a hypertension specialist (or becoming one through the American Society of  
Hypertension Program) may also be helpful. Shared decision making with the patient regarding  
outcomes and side effects is critically important.

The problem of RH can be treated successfully in a systematic fashion and on a rational basis.

Box 67.2. Some Examples of Secondary Forms of Hypertension

• Primary aldosteronism (present in 20% of resistant hypertensives)
• Kidney disease
• Renal artery stenosis-fibromuscular-young
• Atherosclerotic-old
• Pheochromocytoma (rare)
• Hypothyroidism
• Hyperthyroidism (systolic hypertension)
• Hyperparathyroidism
• Aortic coarctation (rare: do not forget to perform blood pressure measurement in the leg on the first visit)
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	 1.	 How	does	a	“hypertensive	emergency”	differ	from	“hypertensive	urgency”?
A “hypertensive emergency” is a clinical situation in which severely elevated blood pressure is
associated with acute, progressive target-organ damage that needs to be treated immediately with
a safe and controlled reduction of blood pressure. “Hypertensive urgencies” (if they truly exist; see
Question 15 below) are characterized by elevated blood pressures in a patient who has no acute,
progressive target-organ damage; these are typically treated with oral antihypertensive medications
and close follow-up thereafter. Typical scenarios that are hypertensive emergencies include the
following:
• Hypertensive encephalopathy: typically a diagnosis of exclusion (see later)
• Acute left ventricular failure and/or pulmonary edema (see later)
• Subarachnoid or intracerebral hemorrhage
• Acute aortic dissection: Target blood pressure is ,120/70 mm Hg, within 20 minutes (see later).
• Acute myocardial infarction or acute coronary syndrome
• Adrenergic crisis: for example, pheochromocytoma, phencyclidine, or cocaine overdose (see later)
• Glomerulonephritis or acute kidney injury
• Epistaxis, gross hematuria, or threatened suture lines after vascular surgery
• Eclampsia (some authorities would include preeclampsia here, but most obstetricians hasten to

deliver the baby and lower blood pressure BEFORE a seizure occurs)
The absolute level of blood pressure does not distinguish between emergencies and urgencies.

Patients who were previously normotensive can develop a hypertensive emergency with a blood
pressure that is only 30 to 50 mm Hg higher than their usual and customary blood pressure (e.g.,
160/100 in a woman with preeclampsia). Conversely, some patients with chronic hypertension
remain asymptomatic and might qualify as only hypertensive urgencies, even with a blood pressure
of 250/150 mm Hg. Seldom, if ever, does such a high blood pressure require hospitalization if there
is no acute target-organ damage.

	 2.	 What	is	“malignant	hypertension,”	and	how	does	it	differ	from	“accelerated	hypertension”?
Malignant hypertension is the term historically given when severely elevated blood pressure was
accompanied by retinal hemorrhages, exudates, and originally papilledema. The term arose in the
1920s when no effective treatment was available, and the prognosis of patients with this condition
was similar to cancer. Now that treatment is available and effective, the term is used predominantly
by hospital-based coders. In the last millennium, “accelerated hypertension” was severely elevated blood
pressure without papilledema; this term is now only rarely used outside its historical context.

	 3.	 What	are	the	epidemiologic	characteristics	of	patients	who	present	with	a	hypertensive	emergency?
Most such patients have a history of stage 2 hypertension that has not been adequately treated. The
most common cause of this is nonadherence to prescribed medication. In the last millennium,
patients presenting with “malignant hypertension” typically had very high blood pressures (before
treatment) and were often cigarette smokers. Secondary hypertension, especially renovascular
hypertension, was often found in patients with Keith-Wagener-Barker Grade III (hemorrhages/
exudates) or IV (frank papilledema) retinopathy; chronic kidney disease was also very common in
such patients in the 1970s.

	 4.	 What	is	the	pathophysiology	of	“malignant	hypertension”?
A rapid and sustained rise in blood pressure causes endothelial dysfunction and then frank arteritis,
leading to platelet and fibrin deposition within the vessel and eventually fibrinoid necrosis. The
juxtaglomerular apparatus of the kidney releases renin when it senses relative ischemia, which
increases circulating angiotensin II levels and causes severe vasoconstriction. The kidney responds
to the elevated blood pressure with natriuresis, causing relative volume depletion and further activat-
ing the renin-angiotensin-aldosterone system. These events typically reinforce each other and lead to
the “vicious cycle” of increasing blood pressure and worsening vascular function.
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	 5.	 What	were	the	typical	pathologic	findings	in	“malignant	hypertension?”
The patient’s blood vessels undergo myointimal proliferation (and medial thickening, leading to the 
“onion-skin” appearance) and fibrinoid necrosis. If the process is chronic, vascular smooth muscle 
hypertrophy occurs and collagen deposits in the small vessels and arterioles.

	 6.	 Historically,	what	were	the	common	clinical	features	of	“malignant	hypertension”?
Typically the blood pressure was very high (often diastolic .140 mm Hg). The optic fundi showed 
bilateral papilledema, often with hemorrhages and exudates in the periphery. Hypertensive  
encephalopathy was common, usually preceded by headache, somnolence, visual changes, and  
confusion. Microangiopathic hemolytic anemia, with schistocytes and helmet cells on peripheral 
smear, and increased serum lactate dehydrogenase often were associated with fibrinoid necrosis  
of arterioles. Normal kidney function was distinctly unusual; most patients had oliguria, azotemia,  
proteinuria, and (usually microscopic) hematuria. The major reason malignant hypertension is  
uncommon today is that, in early studies, even a single antihypertensive drug reduced the risk of  
malignant hypertension by more than 90%.

	 7.	 How	does	one	diagnose	hypertensive	encephalopathy?
Such patients typically present with very high blood pressures and altered mental status. Optic fundi 
may show Grade III (hemorrhages/exudates) or IV (papilledema) retinopathy. Usually other evidence  
of hypertensive target-organ damage is present, such as hematuria, elevated serum creatinine, or left 
ventricular hypertrophy. Although the differential diagnosis in such a patient is long and complex,  
consideration can be given to starting a short-acting, easily titratable, intravenous antihypertensive 
agent while transporting the patient to the computed tomographic scanner. It is rewarding to see an 
improvement in central nervous system function after the blood pressure is reduced even by 10%. 
However, other causes of stupor and coma have to be considered, appropriately evaluated, and  
eliminated before one can make the diagnosis of hypertensive encephalopathy.

	 8.	 What	are	the	major	principles	of	treating	a	patient	with	a	hypertensive	emergency?
Normal autoregulation of vascular beds allows a tissue to receive relatively constant perfusion across 
a wide range of blood pressures. In hypertensive emergencies, the autoregulatory capacity of many 
vascular beds is reset, so that the autoregulatory zone is optimized for the much higher blood pressure 
in the days to weeks before the medical encounter. This allowed the vessels, over time, to constrict 
and continue to deliver an appropriate (if not quite normal) flow of blood and oxygen, despite the very 
high blood pressures. A primary treatment goal is to gradually reduce the blood pressure over a short 
but sufficient amount of time to allow vascular beds to adjust to the “new, lower” pressure without 
causing ischemia. A corollary is that lowering blood pressure into the “normal” range should be 
avoided, because prior to the patient’s presentation, the threshold for ischemia has also been shifted 
to the right.

Most authorities recommend admission to an intensive care unit, although a method to monitor 
blood pressure (intraarterial line versus automated oscillometric device), an intravenous line to deliver the 
antihypertensive agent, and an attentive physician can begin treatment in the emergency department.

No trials have been done to establish a blood pressure target (Table 68.1), but most authorities 
recommend a decrease in mean arterial pressure by about 10% in the first hour and no more than 
25% during the first 2 hours. Most patients tolerate a blood pressure of about 160 to 180/100 mm Hg 
well after the first 2 hours or so, but the antihypertensive medication dose should be individualized 
and should be reduced if deterioration occurs when the blood pressure is decreased “too fast” or “too 
far.” After the blood pressure has been stabilized (usually for 6 to 24 hours) and after oral treatment is 
administered, intravenous antihypertensive therapy can be withdrawn.

	 9.	 What	drugs	are	used	for	treatment	of	hypertensive	emergencies?
Fortunately, many drugs are available (Table 68.2), each with their own advantages and disadvantages. 
Nitroprusside is the most widely available, has the shortest time to effect, and can be easily titrated 
up or down as needed. It breaks down to cyanide and thiocyanate, which can cause metabolic acidosis, 
an anion gap, blurred vision, tinnitus, and/or confusion; the risk of these adverse effects increases 
with the dose and duration of infusion. The newer agents—esmolol, fenoldopam, and clevidipine—are 
reasonably short-acting agents that are a beta blocker, dopamine-1 agonist, and calcium antagonist, 
respectively; these attributes can be helpful in certain clinical scenarios (see Table 68.1).

	10.	 What	is	the	long-term	prognosis	of	patients	with	a	hypertensive	emergency?
Patients who experience a hypertensive emergency or urgency have worse outcomes than those 
whose blood pressure is chronically well controlled, but there are several confounders. With prompt 
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Table 68.1. �Types�of�Hypertensive�Emergencies,�With�Suggested�Drug�Therapy�
and�Blood�Pressure�Targets

TYPE OF EMERGENCY DRUG OF CHOICE BLOOD PRESSURE TARGET

Aortic dissection Beta blocker 1 nitroprussidea 120 mm Hg systolic in 20 min  
(if possible)

Cardiac
Ischemia/infarction Nitroglycerin, nitroprusside, 

nicardipine, or clevidipine
Cessation of ischemia

Heart failure (or pulmonary 
edema)

Nitroprussidea and/or 
nitroglycerin

Improvement in failure (typically 
only a 10%–15% decrease is  
required)

Hemorrhagic
Epistaxis, gross hematuria, 
or threatened suture lines

Any (perhaps with anxiolytic 
agent)

To decrease bleeding rate (typically 
only 10%–15% reduction over  
1–2 h is required)

Obstetric
Eclampsia or preeclampsia MgSO4, hydralazine, 

methyldopa
Typically ,90 mm Hg diastolic, but 
often lower

Catecholamine Excess States
Pheochromocytoma Phentolamine To control paroxysms

Drug withdrawal Drug withdrawn Typically only one dose necessary

Cocaine (and similar drugs) Phentolamine Typically only 10%–15% reduction 
over 1–2 h

Renal
Major hematuria or acute 
renal impairment

Fenoldopam 0%–25% reduction in mean  
arterial pressure over 1–12 h

Neurologic
Hypertensive  
encephalopathy

Nitroprussidea 25% reduction over 2–3 h

Acute head injury/trauma Nitroprussidea 0%–25% reduction over 2–3 h 
(controversial)

Modified from Elliott, W. J. (2003). Management of hypertensive emergencies. Current Hypertension Reports, 5, 
486–492.

aSome physicians prefer an intravenous infusion of clevidipine, fenoldopam, or nicardipine, none of which has 
potentially toxic metabolites, over nitroprusside. Acute improvements in renal function occur during therapy 
with fenoldopam but not with nitroprusside.

and effective therapy, the prognosis in hypertensive emergencies depends more on kidney function  
at presentation (the higher the serum creatinine, the greater the risk of dialysis). The other important 
factor is the willingness/ability of the patient to take prescription antihypertensive drugs, as nonadherence 
is now the most common antecedent to hypertensive emergencies. Although the prognosis was  
dismal (10% 1-year survival) before antihypertensive drug therapy was available, most recent se-
ries show higher than 95% 1-year survival rates. Although kidney function sometimes deteriorates 
acutely during and after blood pressure lowering (except, perhaps, with fenoldopam), some patients 
have recovered enough kidney function to discontinue dialysis after the blood pressure was well con-
trolled on an outpatient basis.

	11.	 How	does	a	hypertensive	emergency	with	aortic	dissection	differ	from	others?
Such patients typically present with a characteristic history of chest or back pain, often described as 
“tearing” or “ripping,” with radiation to the arms or upper abdomen. Typically blood pressures are 
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DRUG
ONSET OF 
ACTION

ELIMINATION 
HALF-LIFE USUAL DOSE (IV) POSITIVE ATTRIBUTES RISKS

Sodium  
nitroprusside

Seconds 2 min 0.25–8.0 mg/kg per minute Very effective; fast-acting, easily  
titrated, or stopped

Photosensitive; metabolized to cyanide 
and thiocyanate

Nitroglycerin 2–5 min 1–4 min 5–100 mcg/min Useful for coronary ischemia Methemoglobinemia; special tubing 
needed

Labetalol 5–10 min 5–6 h 20–80 mg bolus every 10–15 min, 
or 0.5–2.0 mg/min infusion

Useful for coronary ischemia; oral 
formulation available

Asthma, acute left ventricular dysfunction

Enalaprilat 15–30 min 11 h 1.25–5.0 mg every 6 h Useful in left ventricular dysfunction Avoid in acute myocardial infarction

Nicardipine 2–5 min 45 min, 14 h 5 mg/h, increased to 15 mg/h Useful for cardiac ischemia Interacts with cimetidine, cyclosporine; 
oral formulation available

Esmolol 5–10 min 9 min 250–500 mcg/kg per minute for  
1 min, then 50–100 mcg/kg per 
minute

Useful for aortic dissection and  
perioperative state

Asthma, left ventricular dysfunction

Fenoldopam 2–5 min 5 min 0.1–0.3 mcg/kg per minute initially,  
increase 0.1–0.2 every 15 min

Improves several parameters of  
renal function

Raises intraocular pressure; may cause 
hypokalemia

Clevidipine 2–4 min 1 min 1–2 mg/h, increased every 90 s Useful for cardiac ischemia, periop-
erative state

Photosensitive; comes in lipid emulsion
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lower in the legs than in the arms, and a murmur of acute aortic regurgitation may be present. A 
chest x-ray may show nothing, a widened aortic shadow, or a widened mediastinum; in appropriate 
patients, consideration should be given to initiating therapy before the imaging study (transesophageal 
echocardiogram, computed tomogram of the chest) is completed.

Therapy for aortic dissection differs in three important ways from other hypertensive emergencies. 
Therapy should include a beta blocker (unless otherwise contraindicated) to decrease the shear forces 
driving the dissection. Although not “evidence-based,” the recommended blood pressure target is 
,120 mm Hg systolic, and it should be achieved within 20 minutes of starting therapy to minimize 
progression. A cardiothoracic surgeon should be consulted quickly; type A dissections (proximal to the 
aortic arch) nearly always require emergent surgery, sometimes including valve replacement.

	12.	 How	does	a	hypertensive	emergency	with	acute	left	ventricular	failure	differ	from	other		
hypertensive	emergencies?
These patients typically present with dyspnea, cough, frothy, pink-tinged sputum, and hypoxia.  
Physical examination nearly always shows distended neck veins, râles in most of the lung fields, and 
an S3. Chest x-ray typically shows pulmonary vascular redistribution, hilar congestion, and diffuse 
infiltrates in most of the lung fields. Prompt therapy with oxygen, intravenous loop diuretics, morphine, 
and nitroglycerin are usually effective acutely, although nitroprusside may be added to help lower  
both preload and afterload if nitroglycerin is an insufficient hypotensive agent. Appropriate evaluation 
of the reason for the acute decompensated heart failure is appropriate during the intensive care  
unit stay. Intravenous enalaprilat has been shown in a small study to improve prognosis in these  
patients, but its hypotensive effect is variable and may lead to acute hypotension that is difficult to  
reverse.

	13.	 How	does	an	adrenergic	crisis	differ	from	other	hypertensive	emergencies?
These patients present with acutely increased alpha-adrenergic tone, typically because of:
• Excess catecholamines or their congeners
• Abrupt withdrawal of oral alpha-2 adrenergic agonists (e.g., clonidine, guanabenz, guanfacine)
• Ingestion of cocaine, amphetamines
• Ingestion of tyramine-rich foodstuffs during monoamine oxidase inhibitor therapy

These patients are usually treated successfully with phentolamine (or the alpha-2 agonist that 
they stopped abruptly), although some physicians prefer labetalol, which also has beta-adrenergic  
inhibitory effects.

	14.	 Are	there	some	drugs	that	should	not	be	used	to	treat	hypertensive	emergencies?
Generally drugs that can cause precipitous hypotension and cannot be recalled or stopped should be 
avoided. Nifedipine capsules once were widely used for hypertensive urgencies and even emergencies, 
but the US Food and Drug Administration did not grant this indication, because the blood pressure 
lowering was unpredictable and sometimes caused serious hypotension, shock, and death. Most  
physicians prefer to use drugs that have a short “time to effect,” can be easily titrated, and have a 
short “off-time” just in case the blood pressure drops, and the medication has to be reduced in  
dosage or stopped altogether. Drugs with a long elimination half-life, even when given intravenously, 
are more likely to cause a problem in these conditions.

	15.	 What	is	the	evidence	base	supporting	the	acute	pharmacologic	treatment	of	hypertensive		
urgencies?
Prevailing expert opinion from about 1950 to 2008 often recommended acute drug treatment for  
patients with very elevated blood pressures, but research produced no evidence of acute, ongoing  
target organ damage. Courts ruled that physicians who evaluated but did not treat a patient with a 
hypertensive urgency were liable for any adverse outcome (e.g., stroke, myocardial infarction) shortly 
afterward. Some felt that the hypertensive urgency was a “teachable moment” that would impress the 
patient with the importance of controlling blood pressure. Then there were reports that acute hypoten-
sive agents (especially nifedipine capsules) were temporally associated with ischemic events, perhaps 
because the blood pressure was lowered unpredictably and/or excessively. Recently two studies have  
compared long-term outcomes in patients presenting to either emergency departments (n 5 1016) 
or outpatient centers (n 5 59,535) with hypertensive urgencies; in neither report was acute drug 
treatment associated with improved prognosis. These data suggest that once acute, ongoing target 
organ damage is ruled out, the patient is best managed by timely referral to an appropriate source  
of outpatient care, where effective antihypertensive therapy can be prescribed and good follow-up  
assured.
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 1. Hypertensive emergencies are clinical scenarios in which acute target-organ damage is progressive 
and requires blood pressure to be reduced gradually and safely within minutes to hours.

 2. The most common clinical scenarios that qualify as hypertensive emergencies include acute  
myocardial infarction, pulmonary edema, intracranial hemorrhage, glomerulonephritis, eclampsia, 
adrenergic crisis, uncontrolled bleeding, or hypertensive encephalopathy.

 3. In hypertensive emergencies the treatment goal is to lower blood pressure by about 10% in the first 
hour and a further 10% to 15% in the next hour. Do not target a blood pressure of ,140/90 mm Hg 
in the hours after presentation.

 4. Although one of many intravenous antihypertensive drugs can be used for hypertensive emergencies, 
the pharmacokinetic advantages of sodium nitroprusside (very short onset of action, very short  
elimination half-life) usually outweigh the risk of cyanide or thiocyanate poisoning, which are more 
common with high doses or long durations of therapy.

 5. Acute aortic dissection differs from all other hypertensive emergencies because the recommended 
systolic blood pressure target is ,120 mm Hg within 20 minutes of diagnosis and an intravenous 
beta blocker is used to decrease the shear stress on the ruptured intimal flap.

KEY POINTS
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	 1.	 When	is	pharmacologic	treatment	of	hypertension	indicated?
When an individual’s blood pressure (BP) does not fall below goal after a suitable period of intensive 
lifestyle modifications, antihypertensive drug therapy is universally recommended. There is general 
agreement that antihypertensive drug therapy is one of the major reasons for the decline in stroke 
and coronary heart disease mortality over the past 50 years. Compared to placebo or no treatment, 
active drug treatment in clinical trials significantly reduced fatal or nonfatal stroke by ,35%, myocardial 
infarction by ,15% to 25%, heart failure by ,25%, and all-cause mortality by ,12%. Most 
meta-analyses suggest that the cardiovascular protective effects of most antihypertensive drug 
classes can be most easily attributed to their BP-lowering properties, despite the fact that they do so 
by different molecular mechanisms. However, a large meta-analysis showed that compared with other 
antihypertensive drug classes, beta blockers more effectively reduce risk of coronary heart disease 
events in the first several years after myocardial infarction. In addition, the same meta-analysis  
suggested that calcium channel blockers (CCBs) have less of a protective effect against heart failure 
compared with several other antihypertensive drug classes.

Frequently updated guidelines are available from the Canadian Hypertension Education Program. 
Available at: http://guidelines.hypertension.ca/prevention-treatment/. Accessed October 10, 2016.

	 2.	 What	are	the	current	recommended	goals	for	treatment	of	hypertension?
BP treatment goals are controversial despite the recent publication of a trial intended to bring clarity to 
the issue. By way of background, although epidemiologic data indicate that a BP ,115/75 mm Hg is 
associated with the lowest risk of cardiovascular morbidity and mortality, several studies have suggested 
that “lower BP” is not necessarily better to prevent cardiovascular events. The traditional BP target of 
,140/90 mm Hg for all patients with hypertension was lowered to a target of ,130/80 mm Hg in 
patients with diabetes, people with chronic kidney disease (CKD), or those with established heart disease, 
but recent guidelines have not suggested special BP goal for these groups. Relatively few outcome-based 
clinical trials have been performed that randomized subjects with hypertension to different BP targets. 
One of the exceptions is the Action to Control Cardiovascular Risk in Diabetes Blood Pressure  
(ACCORD-BP) Trial, which showed no significant benefit in patients with hypertension and diabetes  
randomly assigned to a systolic BP target of ,120 mm Hg except for the secondary endpoint of stroke.

Another prominent trial that randomized patients to different BP goals was the Systolic Blood 
Pressure Intervention Trial (SPRINT). SPRINT enrolled over 9000 hypertensive patients at least 50 years 
of age and randomized them to intensive BP-lowering (goal systolic BP 120 mm Hg) or less intensive 
BP-lowering treatment (goal systolic BP 140 mm Hg). SPRINT excluded patients with diabetes or prior 
stroke. The trial was halted before scheduled completion after the Data Safety Monitoring Board  
revealed a 25% lower risk of fatal and nonfatal major cardiovascular events and death from any 
cause in the intensive BP-lowering arm. On the other hand, adverse events were more common  
with intensive treatment. SPRINT’s generalizability has come into question because of the use of  
unattended automated office BPs in the trial to measure the achieved BP, which was the primary  
intervention in the trial. The precise correlation of BP measured this way with BP measured in others 
ways is unclear, although the findings should be applicable to patients who matched the enrollment 
criteria and whose BP is measured using a similar method.

In November 2017 the American Heart Association (AHA) and American College of Cardiology 
published the Clinical Practice Guideline for Hypertension. This redefined hypertension as follows:
• Normal: systolic BP (SBP) ,120 mm Hg AND diastolic BP (DBP) ,80 mm Hg
• Elevated: SBP 120–129 mm Hg AND DBP ,80 mm Hg
• Stage 1 hypertension: SBP 130–139 mm Hg OR DBP 80–89 mm Hg
• Stage 2 hypertension: SBP $140 mm Hg OR DBP $90 mm Hg

http://guidelines.hypertension.ca/prevention-treatment/
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Treatment decisions are based on individual patients’ cardiovascular risk. For patients with
diabetes, known cardiovascular disease, or more than a 10% risk of an atherosclerotic event in the
next 10 years the guideline recommends treating if the BP .130/80 with a treatment goal of a
blood pressure below 130/80.

	 3.	 What	have	we	learned	about	monotherapy	for	hypertension?
Only a minority of patients with hypertension reach their BP targets using only a single drug, so most
patients require multiple drugs. Several influential hypertension treatment guidelines have converged
on four drug classes as preferred initial therapy, with some exceptions for patients with certain
characteristics. In order of their historical introduction, they are:

 1. Thiazide or thiazide-like diuretics
 2. Calcium channel antagonists
 3. Angiotensin-converting enzyme (ACE) inhibitors
 4. Angiotensin receptor blockers

Most guideline committees agree that if a patient has a condition for which a specific type of
antihypertensive drug improves prognosis, that medication can be used as initial therapy to lower
BP. A hypertensive survivor of a recent myocardial infarction, for example, would benefit from a
b-blocker to reduce the risk of death or recurrent infarction, so a b-blocker would be appropriate
initial antihypertensive therapy in such a case. All guideline committees recognize the existence and
importance of contraindications (including allergies), even for drugs that might otherwise be first-line
choices. Recent guidelines have become more concordant with one another with respect to first-line
choices of antihypertensive medications (Table 69.1).

	 4.	 Is	combination	therapy	better	than	monotherapy?
Meta-analyses have suggested that, for most antihypertensive drug classes, combining two different
classes of drugs at moderate doses is more likely to lower BP than pushing any one drug to its
maximum dose. This also reduces adverse effects. Combining a CCB with an ACE inhibitor, or probably
an angiotensin II receptor blocker (ARB), tends to reduce incidence and severity of pedal edema seen
with higher-dose CCBs. In the Avoiding Cardiovascular events through COMbination therapy in Patients
Living with Systolic Hypertension (ACCOMPLISH) trial, patients at high risk for cardiovascular events
were randomized to a combination of benazepril and amlodipine or a combination of benazepril and
hydrochlorothiazide (HCTZ). The combination of benazepril and amlodipine reduced cardiovascular
events more than the combination of benazepril and HCTZ.

	 5.	 What	classes	of	antihypertensive	agents	are	currently	available?
Diuretics, CCBs, ACE inhibitors, ARBs, direct renin inhibitors, b-blockers, and a-blockers are available.
There are additional drug classes available, which have more profound adverse effects and which are not
first-line or second-line or even third-line agents. These include mineralocorticoid receptor antagonists,
a-adrenergic receptor agonists (e.g., clonidine, guanfacine, methyldopa), and direct-acting vasodilators
(e.g., hydralazine, to be considered only in combination with a b-blocker due to reflex tachycardia).

	 6.	 Discuss	the	use	of	diuretics.
Diuretics were the first drug class to show benefits in patients with hypertension, although they were
usually used in combination with other agents, even in the early trials. They primarily work by reducing
extracellular sodium and volume, although some also have vasodilatory properties, perhaps at the calcium
channel. Thiazide and thiazide-like diuretics act primarily in the distal convoluted tubule and are the most
widely used, particularly in patients with normal renal function. Today, diuretic doses are much lower than
those used in early clinical trials. The lower doses reduce the incidence and severity of adverse effects,
particularly hypokalemia, which is blamed for some of the long-term metabolic effects (diabetes, increased
cholesterol) of thiazides. The BP-lowering effects of diuretics can be overcome with dietary or other sources
of sodium and with the use of nonsteroidal antiinflammatory drugs (NSAIDs). Most authorities agree that
chlorthalidone is both more potent in lowering BP and has a longer duration of action than HCTZ.

Diuretics that act primarily in the thick ascending limb of the loop of Henle, “loop diuretics,” are
usually required for patients with Stage 4 and higher CKD. They are also often used for patients with
heart failure. If short-acting furosemide or bumetanide is given once daily, fluid accumulation can
occur during the 12 to 18 hours before the next dose, particularly if the evening meal contains most
of the day’s dietary sodium. Most loop and thiazide diuretics are sulfonamides, so they are contraindicated
in patients with true sulfa allergies. Oral ethacrynic acid is a sulfur-free loop diuretic.

The two mineralocorticoid receptor blockers, spironolactone and eplerenone, have largely
been used in patients with heart failure or primary aldosteronism. However, the recent PATHWAY-2
randomized, crossover trial provided evidence that spironolactone is an effective add-on therapy

 



Table 69.1. Effects of Different Classes of Antihypertensive Agents on Surrogate Markers of Cardiovascular Disease

CENTRAL  
a-AGONISTS a-BLOCKERS a-, b-BLOCKER VASODILATOR b-BLOCKERS

ACE  
INHIBITORS ATRAS CCBS DIURETICS

Metabolic
LDL  
cholesterol

n n n n n
a
h n n n nh 

HDL  
cholesterol

n h n n ng n n n n

Insulin  
resistance

n g ng nh nh g g n nh 

Glucose  
control

n n n n ng nh n gn nh 

Cardiovascular
Left  
ventricular  
hypertrophy

g g g nh g g g g nh

Renal
Microalbuminuria n n ng nh nh gg gg g

b
n nh

aOnly b-blockers with intrinsic sympathomimetic activity.
bOnly nonhydropyridine calcium channel blockers (verapamil, diltiazem).
ACE, Angiotensin-converting enzyme; ATRAs, angiotensin II receptor antagonists; CCBs, calcium channel blockers; LDL, low-density lipoprotein; HDL, high-density lipoprotein; n, no effect; 

 h, increase; g, decrease.
From Johnson, R. J., & Feehally, J. (2003). Comprehensive clinical nephrology (2nd ed.). Philadelphia: Mosby.



480 HYPERTENSION

for treatment-resistant hypertension across a spectrum of plasma aldosterone concentrations. An  
important safety consideration in the use of spironolactone is the risk of potentially fatal hyperkalemia; 
monitoring of serum potassium is essential.

	 7.	 Discuss	the	use	of	CCBs.
The many available CCBs can be divided pharmacologically into two subgroups: dihydropyridines 
(e.g., nifedipine, amlodipine) and nondihydropyridines (e.g., verapamil, diltiazem). The latter typically 
have negative inotropic and chronotropic properties, whereas the former are more vasoselective and 
can increase heart rate, especially acutely if immediate-release preparations are given. All CCBs  
inhibit the flux of calcium into smooth muscle cells, resulting in vasodilation. Many CCBs are approved 
for patients with angina pectoris. Verapamil can cause dose-related constipation, and immediate- 
release dihydropyridine compounds can cause flushing, tachycardia, and dose-dependent pedal 
edema; only the latter is seen with long-acting preparations. The BP-lowering of CCBs is generally  
little affected by dietary sodium or NSAIDs. Although studies in the last millennium suggested  
that CCBs were associated with a significantly higher risk of cardiovascular events than other  
antihypertensive drug classes, recent meta-analyses of comparative clinical trials indicate that they 
are as effective in preventing both stroke and coronary heart disease as diuretics. The risk of heart 
failure is significantly increased (by about 44%) by CCBs, both dihydropyridine and nondihydropyridines. 
This may be due to diuretics’ ability to treat CHF symptoms as well as CCBs’ proclivity to cause  
congestive heart failure (CHF)-mimicking pedal edema. In addition, verapamil and diltiazem are able 
to reduce left ventricular ejection fraction.

	 8.	 Discuss	the	use	of	ACE	inhibitors.
ACE inhibitors inhibit the conversion of angiotensin I to angiotensin II, thereby producing vasodilation 
and lowering BP. Because the hydrolysis of bradykinin is also inhibited by these drugs, cough (7% to 
12%) can occur. Angioedema (0.7%) can also occur via pathobiology that remains obscure, and its 
occurrence can be life-threatening. Like any drug that inhibits the renin-angiotensin system, ACE  
inhibitors can cause acute renal failure in patients with renal artery stenosis, and they are teratogenic. 
These drugs cause birth defects, even if given during the first trimester of pregnancy.

ACE inhibitors are usually effective in lowering BP, but their efficacy is reduced by dietary or 
other sources of sodium, and renal function may be further threatened if given with NSAIDs. ACE  
inhibitors are also very useful for patients with heart failure or CKD (particularly type 1 diabetics and 
nondiabetic CKD).

	 9.	 Discuss	the	use	of	angiotensin	receptor	blockers.
ARBs inhibit the binding of angiotensin II to its subtype 1 receptor, which also results in vasodilation 
and BP lowering. They do not cause as much cough as ACE inhibitors, and whether they cause  
angioedema is unclear. Just like ACE inhibitors, ARBs should not be used in pregnancy and only  
cautiously in the presence of renal artery stenosis. Some ARBs have been approved for type 2 diabetic 
nephropathy and heart failure with diminished left ventricular function.

Several clinical trials of ARBs have provided disappointing results, either compared with CCBs 
Valsartan Antihypertensive Long-Term Use Evaluation trial [VALUE] or placebo (TRANSCEND, PRoFESS). 
The design of these trials has been criticized because either the dose was too low to cause equivalent 
BP lowering (e.g., VALUE), or the randomized agents were given in addition to other antihypertensive 
and other preventive therapies rather than as initial treatments (TRANSCEND, PRoFESS). There are  
no direct comparisons of diuretics with ARBs, because nearly all the ARB trials used a diuretic as  
second-line therapy. The major advantage of ARBs seems to be their relatively benign adverse effect 
profile; this probably accounts for why they have the highest persistence rates of all antihypertensive 
agents in general clinical practice. The combination of an ARB plus an ACE inhibitor was found to 
lower BP only a little more than either drug alone, not significantly improve clinical outcomes, and be 
associated with a much higher rate of adverse effects (especially renal) in the ONTARGET trial.

	10.	 Discuss	the	use	of	(direct)	renin	inhibitors.
Initial enthusiasm for these drugs has been tempered by the findings of the ALTITUDE trial, which  
randomized patients with type 2 diabetes mellitus to:
• Aliskiren and an ACEi inhibitor or ARB; or
• Placebo and an ACEi inhibitor or ARB

ALTITUDE was stopped early, after there was a signal for increased stroke in the aliskiren group, 
as well as a trend to increased renal and cardiovascular events with aliskiren.



PHARMACOLOGIC TREATMENT OF HYPERTENSION 481

	11.	 Discuss	the	use	of	b-blockers.
Although traditionally an acceptable first-line therapy for hypertension, b-blockers (particularly 
atenolol, which has 72% of the clinical trial data) are not recommended by contemporary guidelines 
as initial therapy for patients with uncomplicated hypertension. Four possible mechanisms have been 
invoked for how b-blockers reduce BP:
 1. Inhibit renin release from the juxtaglomerular apparatus of the kidney.
 2. Diminish tonic sympathetic outflow from the central nervous system.
 3. Reduce myocardial contractility.
 4. Reduce cardiac output, and vasodilate (some more than others).

Some b-blockers have ancillary properties, including greater selectivity for the b1-adrenoreceptor, 
water solubility, intrinsic sympathomimetic activity, membrane-stabilizing activity, or other properties 
(e.g., a1-blocking activity, enhancement of nitric oxide bioavailability). Several b-blockers are effective 
second-line therapy (after ACE inhibitors) for heart failure. Adverse effects include bradycardia,  
fatigue, bronchoconstriction, dyspnea on exertion, and impairment of recognition of hypoglycemia  
in brittle diabetics. Many b-blockers decrease high-density lipoprotein cholesterol levels, raise 
triglycerides, and may impair glucose tolerance. They are nonetheless very useful for reducing pulse rate 
and BP and are often used in patients with aortic dissection, coronary disease, cardiac arrhythmias, and 
other selective indications.

	12.	 Discuss	the	use	of	a-blockers.
a-Blockers block neuromuscular transmission by occupying the postsynaptic a1-adrenoceptor on 
the smooth muscle cell, causing vasodilation. Their major adverse effects are dizziness, headache,  
orthostatic hypotension (particularly first-dose hypotension), and an increased risk of falls and hip 
fractures). Since the early termination of the doxazosin arm of Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack trial (ALLHAT), resulting from a significantly increased risk of com-
bined cardiovascular events (especially heart failure), a-blockers have been relegated to, at best, 
second-line therapy for uncomplicated hypertension; doxazosin was used successfully as the third 
therapy in ASCOT. a-Blockers are beneficial (in combination with other antihypertensive drugs) for 
men with symptoms of benign prostatic hyperplasia and have “favorable” effects on lipids and  
glucose metabolism.

	13.	 Discuss	the	use	of	other	antihypertensive	drugs.
Clonidine and other centrally acting a2-agonists (e.g., methyldopa, guanfacine) work by decreasing 
sympathetic outflow from the central nervous system; in small doses, this causes vasodilation and BP 
lowering. In larger doses, sedation, dry mouth, drowsiness, and other symptomatic adverse effects 
occur, which are presumably the reason clonidine was the least well-tolerated drug in the Department 
of Veterans Affairs monotherapy trial. Sudden discontinuation of short-acting a2-agonists causes 
rebound hypertension, which is best treated by reinstituting therapy. Clonidine is the only transdermal 
antihypertensive available in the United States.

Direct vasodilators (hydralazine, minoxidil) are typically used with a diuretic and b-blocker to 
counteract their tendency to cause sodium and fluid retention and reflex tachycardia. Accordingly, 
these drugs are typically used third-line or higher, as was hydralazine in ALLHAT. Hydralazine is typi-
cally limited to #300 mg/day because of the risk of drug-induced lupus, and it should be combined 
with a b-blocker to decrease reflex tachycardia; minoxidil causes hair growth that is not well toler-
ated by most women.

 1. Compared with placebo or no treatment, active drug treatment in clinical trials significantly reduced 
fatal or nonfatal stroke by ,35%, myocardial infarction by ,15% to 25%, heart failure by ,25%, 
and all-cause mortality by ,12%.

 2. For most antihypertensive drug classes, combining two different classes of drugs at moderate 
doses is more likely to lower BP than pushing the dose of any one drug to its maximum.

 3. Although traditionally an acceptable first-line therapy for hypertension, b-blockers (particularly 
atenolol, which has ,72% of the clinical trial data) are not currently recommended by either United 
States or United Kingdom guidelines as initial therapy for patients with uncomplicated hypertension.

KEY POINTS
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	 1.	 What	nonpharmacologic	strategies	can	be	used	to	treat	hypertension?
Several nonpharmacologic strategies are available to improve blood pressure control among essential 
hypertensive patients. By extension, similar strategies may be effective among patients with chronic 
kidney disease. These strategies include salt restriction, weight loss, exercise, moderation of alcohol 
intake, and treatment of obstructive sleep apnea (OSA).

	 2.	 How	effective	is	salt	restriction?
Although some experts recommend caution in advocating for dietary sodium restriction, as some 
studies show an inverse relation between dietary sodium and mortality, we feel that it is an effective 
modality for hypertension management. Sodium restriction has been shown to reduce blood pressure, 
both in randomized trials and in meta-analyses. The Dietary Approaches to Stop Hypertension (DASH) 
trial revealed a –6.7/–3.5 mm Hg blood pressure reduction when dietary sodium was reduced from  
3 to 1.5 g. A large meta-analysis found that a reduction of approximately 2.3 g in dietary sodium  
reduced systolic blood pressure by 3.7 mm Hg among hypertensive patients, an effect that was more 
pronounced among older patients. Sodium sensitive hypertensive patients who restrict dietary sodium 
convert from nondipping to dipping status (dipping refers to $10% decrease in blood pressure while 
asleep; nondipping, hypertensive patients are at increased cardiovascular risk compared  
to dipping patients). Dietary sodium restriction reduces left ventricular hypertrophy, improves the  
anti-proteinuric effects of angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor 
blockers for both diabetic and nondiabetic chronic kidney disease patients, and may reduce kidney  
disease progression. Long-term follow-up of patients enrolled in the Trials of Hypertension Prevention  
revealed that a reduction of dietary sodium of approximately 750 to 1000 mg daily reduced cardiovascular 
events (myocardial infarction, coronary bypass surgery, coronary angioplasty, stroke, or cardiovascular 
death) by 25%.

A 24-hour urine collection that quantifies sodium excretion provides a reasonable estimate of  
dietary sodium intake, and a recently published analysis of patients enrolled in the Chronic Renal  
Insufficiency Cohort (CRIC) study revealed interesting results regarding dietary sodium intake and  
cardiovascular events. The CRIC study is a prospective cohort study of chronic kidney disease patients 
that evaluates the risk factors for kidney disease progression and cardiovascular disease. Among a 
group of nearly 3800 racially diverse patients, those patients whose dietary sodium (estimated from  
a mean of three 24-hour urine collections over the first 2 years of the study) resided in the highest 
quartile ($4548 mg) experienced a 36% relative risk increase in nonfatal cardiovascular events 
(a composite of stroke, myocardial infarction, or congestive heart failure), a 34% relative risk increase 
in congestive heart failure, and an 81% relative risk increase for nonfatal stroke, compared to those 
patients whose dietary sodium was in the lowest quartile (,2894 mg). Every 1000 mg increase in 
daily dietary sodium increased the risk for the composite end-point 10%, the risk for congestive heart 
failure 9%, and the risk for nonfatal stroke 16%.

The National Academy of Sciences and the American Heart Association recommend that dietary 
sodium be limited to 1.5 g daily—a goal that would need both government and industry cooperation. 
The U.S. Department of Health and Human Services also recommends dietary sodium restriction:  
no more than 1.5 g daily for adult African Americans, patients $51 years, or patients with diabetes 
mellitus, hypertension, or chronic kidney disease. The Kidney Disease Improving Global Outcomes 
guidelines also recommend low dietary sodium for chronic kidney disease patients, though only to  
a level of ,2 g. While sodium restriction may initially be difficult, patients become acclimated to 
the diet over several weeks. A population-wide reduction of dietary sodium to 1200 mg may save  
approximately $10 billion to $24 billion annually in health care costs.
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	 3.	 How	effective	is	the	DASH	diet?
Americans, besides consuming excess salt, eat foods high in saturated fats and low in fiber and  
potassium. Low dietary potassium predisposes to sodium retention, volume expansion, and hypertension. 
Potassium supplementation can decrease blood pressure in hypertensive patients. The mechanism by 
which fiber may prevent hypertension is not well delineated, although a meta-analysis showed that 
diets supplemented by fiber lower blood pressure (–1.13/–1.26 mm Hg). The DASH diet emphasizes 
fruits and vegetables and low-fat foods. During an 8-week trial, the DASH diet, in patients with and 
without hypertension, lowered blood pressures by 25.5/–3 mm Hg. If the DASH diet is coupled with 
low sodium intake (1.5 g daily), blood pressures will decrease by –8.9/–4.5 mm Hg compared to an 
average American diet. Unfortunately, the National Health and Nutrition Examination Survey (NHANES) 
data reveal that nearly 91% of Americans consume more than 2300 mg of sodium daily. Only 1.2% 
patients who would benefit from reducing dietary sodium to 1.5 g (i.e., African Americans, patients 
$51 years, or patients with diabetes mellitus, hypertension, or chronic kidney disease) actually 
restrict dietary sodium appropriately. Over 60% of these patients consume more than 3 g of sodium 
daily. DASH dietary instructions have been published for easy reference.

While the appropriateness of the DASH diet for chronic kidney disease patients has not been 
studied extensively, a small pilot study of 11 patients recently showed that the DASH diet is safe for 
patients with moderate kidney disease (i.e., an estimated glomerular filtration rate of 30 to 59 mL/min 
per 1.73 m2). No significant hyperkalemia occurred during the 2-week study, and nighttime systolic 
blood pressure decreased by 5.3 mm Hg.

	 4.	 How	effective	is	the	treatment	of	OSA?
Patients with OSA experience oxygen desaturation and sympathetic activation. Persistent, untreated 
OSA leads to hypertension. In the Wisconsin Sleep Cohort Study, 709 patients were followed for  
4 years, and those patients with an apnea-hypopnea index of $5 had a more than twofold higher 
risk for hypertension, compared to patients with no apnea-hypopnea events. A meta-analysis of five 
randomized, controlled trials revealed that continuous positive airway pressure (CPAP) therapy  
improved the blood pressure control of OSA patients: 24-hour systolic and diastolic ambulatory blood 
pressures decreased 4.78 and 2.95 mm Hg, respectively, compared to no treatment. While nocturnal 
ambulatory systolic blood pressure did not change significantly with CPAP, nocturnal ambulatory  
diastolic blood pressure fell 1.53 mm Hg.

OSA is common in chronic kidney disease—up to 60% of these patients may have OSA—and 
chronic kidney disease may increase sleep apnea severity. Severe OSA (apnea-hypopnea index $ 30), 
in conjunction with resistant hypertension, increases the odds of chronic kidney disease by more than 
13-fold. It is possible that treatment of OSA in chronic kidney disease patients may improve blood 
pressure control and kidney outcomes.

	 5.	 What	is	the	role	of	alcohol	in	hypertension?
A morning blood pressure surge is a risk factor for cardiovascular mortality, and studies show that  
alcohol is a risk factor for stroke—primarily hemorrhagic stroke. A possible mechanism is related to 
alcohol’s circadian effect on blood pressure. Acutely, alcohol ingestion will lower blood pressure 
through vasodilation. However, hours later, blood pressure rises, possibly as a result of sympathetic 
activation. A recent Japanese trial demonstrated that ambulatory blood pressures surged in drinkers 
shortly after awakening.

The popular press has championed moderate alcohol intake as a treatment to reduce cardiovas-
cular disease risk. Red wine, because of its antioxidant content, has been particularly noted. However, 
studies show that red wine’s purported benefits result from the different drinking and dietary habits  
of red wine drinkers, compared to those who drink primarily beer or spirits. Moderate alcohol intake 
(one to two drinks daily for men and one drink daily for women) may be beneficial by increasing high- 
density lipoprotein levels and lowering platelet aggregation. These benefits are seen mostly in older 
patients. The benefits disappear with higher amounts of alcohol intake or binge drinking. The World 
Health Organization estimates that worldwide alcohol consumption contributes 16% to the risk of  
becoming hypertensive.

Finally, while most studies do not find a direct correlation between alcohol consumption and  
kidney disease, some researchers note that drinking 30 g of alcohol daily (approximately three drinks) 
is associated with albuminuria.

	 6.	 How	effective	are	weight	loss	and	exercise?
Weight loss and exercise are integral for hypertension control. Americans are increasingly becoming 
more sedentary and overweight. According to the latest NHANES data, 36.3% of adult American  
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aged $20 years are obese: 34.3% of men are obese, while 38.3% of women are obese. African 
American women are at particularly high risk, as nearly 57% are obese. Obesity predisposes patients 
to become hypertensive. Weight loss through exercise improves hypertension because exercise  
improves antioxidant effects and reduces systemic vascular resistance. The PREMIER trial showed 
that intensive lifestyle modification, entailing a low-sodium DASH diet, weight loss, and exercise, is 
successful in lowering blood pressure in patients with pressures 120 to 159/80 to 95 mm Hg. The  
average improvement, from baseline, was –4.3/–2.6 mm Hg. Two meta-analyses showed that  
approximately 1 kg in weight loss translates to approximately 1 mm Hg improvement in systolic blood 
pressure. Physicians should keep in mind that obesity itself is a risk factor for chronic kidney disease, 
as it can cause glomerular hyperfiltration and proteinuria. A recent meta-analysis found that weight 
loss reduces proteinuria and systolic blood pressure (,8 mm Hg for nonsurgical interventions [e.g., 
diet, exercise, or medications] and ,23 mm Hg for surgical interventions [e.g., gastric bypass]). 
Glomerular hyperfiltration improved, with the GFR decreasing ,25.6 mL/min, in those morbidly obese 
patients undergoing surgery, providing possible long-term kidney protection.

As the American population ages and more patients face chronic disease, expert opinion  
recognizes the importance of exercise to reduce cardiovascular events. Patients with chronic kidney 
disease are at high risk because this disease is an independent cardiovascular risk factor. Guidelines 
advocate that older patients perform moderate-intensity exercise (e.g., walking) for a minimum of  
30 minutes 5 days weekly or vigorous activity (e.g., jogging) for a minimum of 20 minutes thrice 
weekly. In a small group of chronic kidney disease patients, regular exercise significantly reduced 
blood pressure. However, once these patients stopped their exercise training, their blood pressures 
promptly increased. A study of patients with chronic kidney disease undergoing cardiac rehabilitation 
showed improvements in weight, physical well-being, and lipid profiles. Finally, a study in which 
obese, chronic kidney disease patients underwent exercise training, dietary education, and orlistat 
therapy (a drug that reduces fat malabsorption) revealed that these patients can effectively lose 
weight. This is important because obesity is a barrier to transplantation, and transplantation provides 
a survival benefit to chronic kidney disease patients, as compared to dialysis, through reduction in 
cardiovascular risk.

 1. Severe OSA with resistant hypertension increases the risk of chronic kidney disease by more than 
13-fold.

 2. OSA treatment can improve blood pressure control and/or simplify a blood pressure medication regimen.
 3. Only moderate alcohol intake (i.e., one to two drinks daily for men and one drink daily for women) 

has shown possible benefits on cardiovascular risk; higher amounts of alcohol intake increase the 
risk for hypertension.

 4. Weight loss can improve blood pressure: approximately 1 kg in weight loss can translate to an  
improvement in systolic blood pressure by 1 mm Hg.

 5. A moderate exercise regimen (i.e., walking for 30 minutes 5 days weekly or jogging for 20 minutes 
thrice weekly) can improve blood pressure control for older patients and for chronic kidney disease 
patients.

KEY POINTS
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VOLUME

	 1.	 What	is	meant	by	volume?
Physicians use the terms “volume” and “extracellular fluid volume” interchangeably. Because sodium  
is largely restricted to the extracellular fluid (ECF), total body sodium determines the ECF volume. 
Therefore changes in total body sodium lead to changes in ECF volume. A typical Westerner consumes 
about 150 mmol of sodium chloride per day. Let’s consider the hypothetical case of adding 150 mmol 
of sodium chloride to the ECF of a normal human. The resultant rise in the plasma sodium concentration 
and plasma osmolality will stimulate thirst and antidiuretic hormone (ADH) secretion. Ingestion of  
water and reabsorption of water by the collecting ducts will restore the plasma sodium concentration 
and plasma osmolality to normal. The end result is that 1 L of an isosmotic solution has been added 
to the ECF compartment; an increase in total body sodium has led to an increase in ECF volume.

	 2.	 How	is	ECF	volume	regulated?
If ECF volume is to remain constant, the amount of sodium ingested must be matched by the amount 
of sodium excreted by the kidneys. In the example above, expansion of the ECF volume must somehow 
be sensed. What is sensed is not ECF volume, but rather a portion of ECF called effective arterial  
volume. Effective arterial volume (also called effective circulating volume or sensed volume) is that  
portion of the ECF that is in the arterial tree and effectively perfusing tissues. An increase in effective 
arterial volume is sensed by baroreceptors in the aortic arch, carotid sinus, central veins, cardiac 
chambers, and afferent arterioles. In addition, an increase in effective arterial volume leads to an  
increase in renal tubular flow, which is sensed by the macula densa. Signals (suppression of renal  
sympathetic nerve activity and suppression of the renin angiotens in aldosterone system) are then  
sent to the kidneys, which lead to diminished sodium reabsorption by the renal tubules and increased 
sodium excretion by the kidneys. In the example above, 150 mmol of sodium will be excreted by the 
kidneys, returning ECF volume to normal.

HYPERVOLEMIA

	 3.	 What	is	hypervolemia?
Hypervolemia is due to an excess of total body sodium and water, which leads to expansion of the  
ECF compartment. Hypervolemia is therefore synonymous with ECF volume overload. Hypervolemia  
is typically due to kidney retention of sodium and water. This kidney retention may be primary or  
secondary. Primary kidney sodium retention may be caused by kidney failure; in this setting the  
diseased kidneys may be unable to match sodium excretion with sodium intake. Drugs may also lead 
to primary kidney retention. The direct vasodilator minoxidil and the thiazolidinedioines commonly 
cause kidney sodium retention and edema. The dihydropyridine calcium channel blockers may cause 
edema; with these drugs, capillary leak plays an important role in the development of edema. Secondary 
kidney retention occurs when there is a reduction in effective arterial volume. The most common 
causes of reduced effective arterial volume are congestive heart failure (CHF) and cirrhosis. In these 
conditions, the reduction in sensed volume leads to enhanced kidney sympathetic nerve activity,  
enhanced activity of the renin-angiotensin-aldosterone system, and enhanced secretion of ADH. Avid 
kidney sodium and water reabsorption ensue. In the case of the nephrotic syndrome, both primary  
and secondary kidney sodium retention may contribute to varying degrees. The kidney disease itself 
may lead to primary sodium retention (overfill hypothesis). The low plasma oncotic pressure from  
hypoalbuminemia may lead to movement of fluid from the intravascular compartment to the interstitial 
compartment. The contraction of the intravascular volume leads to secondary kidney sodium retention 
(underfill hypothesis).
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	 4.	 What	are	the	manifestations	of	hypervolemia?
The ECF compartment is composed of the vascular compartment (one-fourth of ECF volume) and the 
interstitial compartment (three-fourths of ECF volume). Patients with hypervolemia have expansion of 
the interstitial compartment; they may or may not have expansion of the vascular compartment.
• Patients with primary kidney sodium retention may have elevated jugular venous pressure, pulmonary 

edema, and peripheral edema.
• Patients with CHF may also have elevated jugular venous pressure, pulmonary edema, and peripheral 

edema.
• Patients with cirrhosis may develop portal hypertension and splanchnic vasodilatation. Portal  

hypertension leads to an increase in hydraulic pressure in the hepatic sinusoids. Fluid in the  
sinusoids moves across the hepatic capsule into the peritoneum. Ascites formation and splanchnic 
vasodilatation lead to a state of low effective arterial volume, which in turn leads to avid reabsorption 
of ingested sodium and water. Kidney retention of sodium and water serves to increase effective 
arterial volume—but also augments ascites formation. Patients with cirrhosis may also have lower 
extremity edema. Jugular venous pressure, however, is usually not elevated, and patients with  
cirrhosis do not develop pulmonary edema.

• Patients with the nephrotic syndrome typically have peripheral edema. If primary kidney sodium 
retention is predominant in an individual patient with the nephrotic syndrome, jugular venous  
pressure may be elevated. If vascular underfilling from movement of fluid from the intravascular to 
the interstitial compartment is predominant, the jugular venous pressure will not be elevated.

	 5.	 Is	the	history	and	physical	exam	reliable	for	the	detection	of	hypervolemia?
The history and physical exam is neither sensitive nor specific for diagnosing hypervolemia. No one 
exam finding or historical feature is 100% accurate in the determination of volume status. There may 
be false negatives. A patient with kidney disease or heart failure may not have crackles or edema on 
exam, yet have significant extracellular volume expansion. Moreover, a patient may have no dyspnea 
by history, yet still harbor significant pulmonary congestion. Nor are certain physical exam findings 
entirely specific for hypervolemia (false positives). For instance, a patient may have edema related to 
venous stasis or pulmonary crackles from atelectasis despite intravascular effective arterial volume 
depletion. Some physical exam signs are technically challenging and have variable interoperator  
reliability. Obesity, valvular heart disease, and impaired right heart function make interpretation of  
jugular venous distention contentious. These difficulties have led to the proliferation of innumerable 
techniques to aid in assessment of volume status.

	 6.	 What	are	some	adjuvant	techniques	to	enhance	the	history	and	physical	in	assessing	hypervolemia?
Given the association of volume overload with excess mortality and readmissions in heart failure  
and kidney disease, a variety of methods have been developed for noninvasively assessing volume  
overload. These methods take advantage of changes in physical properties as ECF volume increases. 
As with the history and physical exam, each method has limitations and their utility may be in the  
aggregate. This chapter will look at the noninvasive techniques with availability in inpatient or  
outpatient settings that have the best validation and most clinical utility:
• Bioimpedance spectroscopy (BIS)
• Lung-water ultrasound
• Intradialytic blood volume monitoring (BVM) devices

	 7.	 What	is	bioimpedance	spectroscopy	and	how	is	it	used?
Bioelectrical impedance analysis refers to several related techniques for determining body composition 
based on measuring electrical impedance or opposition to flow of a small alternating current applied 
to the body. Electrical impedance is the alternating current corollary to resistance in direct current  
circuits and is composed of resistance as well as reactance, which is made up itself of inductance 
(current induced by magnetic fields) and capacitance (the ability of circuit components to store 
charge). Body composition is determined by modeling the human body as an alternating current  
circuit using estimation equations derived from physical properties of the human body. Fat-free mass 
has lower impedance given its higher electrolyte-rich water content, whereas fat mass is relatively 
anhydrous and has higher impedance. In general, the greater the fluid content, the lower the impedance.

Whole-body BIS is the most validated of these methods. In this method, electrodes are placed on 
a hand and foot and alternating currents over a broad band of frequencies are applied to the body to 
estimate impedance. BIS has been validated against deuterium, bromide, and radioactive potassium 
radioisotope dilution techniques for determination of total body water (TBW), ECF, and intracellular 
fluid (ICF), respectively. BIS appears to have value in detecting occult fluid overload patients with  
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end-stage kidney disease (ESKD) on HD. In retrospective cohort analysis, fluid overload as measured by 
BIS has been associated with increased all-cause mortality. In a large prospective cohort, fluid overload as 
measured by BIS was strongly and independently associated with all-cause mortality. Duration of expo-
sure to fluid overload was associated with all-cause mortality in a dose-dependent fashion. These ef-
fects were durable across blood pressure tertiles. In two small clinical trials, estimation of dry weight 
enhanced by BIS showed improvement in all-cause mortality versus clinical evaluation alone. Simi-
larly, in heart failure literature, one study validated transthoracic impedance to specifically measure 
ECF in the lung and found improvements in cardiovascular outcomes, all-cause mortality, and readmis-
sion. However, a multi-center randomized-controlled trial including 50 patients with fluid  
overload of 15% or more as demonstrated by BIS comparing three methods of dry weight reduction 
showed a high (31%) rate of dialysis-related complications across all groups demonstrating the  
difficulty of fluid removal in the dialysis population.

	 8.	 What	is	the	role	of	thoracic	ultrasound?
Formerly, ultrasound of the lung was thought to be valueless apart from the easy identification of 
pleural effusions. The lung is composed of numerous air-filled alveoli that represent multiple  
air-fluid interfaces. These interfaces reflect sound waves and generate reverberation artifacts that  
impair accurate tomographic visualization of normal lung parenchyma. These artifacts are termed  
A-lines and can be visualized as serial, equally spaced reflections of the pleural line (Fig. 71.1).

In patients with kidney disease or heart failure, fluid accumulates in the interlobular septa  
separating alveoli and the A-line pattern gives way to a B-line pattern (Fig. 71.2) with more B-lines 
corresponding with increasing fluid overload. The B-line pattern is visualized as radially oriented  
hyperechoic (bright) lines emanating perpendicularly from the pleural line running to the edge of the 
field. Counting B-lines serially over a predefined pattern of 28 intercostal spaces yields a B-line score.

B-line score has been validated using gravimetry in a post-mortem pig model and using invasive 
techniques available in the intensive care unit, such as transpulmonary thermodilution. B-line score cor-
relates well with volume overload, outperforming the chest radiograph in detection of pulmonary edema, 
with higher score correlating with increased lung water. In patients with ESKD on HD, B-lines were dem-
onstrated to disappear dynamically on dialysis correlating with ultrafiltration volume. In these patients,  
B-line score correlates with cardiovascular outcomes, death, and readmissions in retrospective data. A 
large, prospective, multi-center randomized controlled trial (Lung Water by Ultrasound Guided Treatment 
in Hemodialysis Patients or LUST Study) is ongoing to determine whether measurement of B-line score 
enhances estimation of dry weight and improves cardiovascular outcomes in patients with ESKD on  
HD and comorbid cardiac disease. Preliminary data from this trial has shown that the prevalence of  
asymptomatic pulmonary congestion is high and often goes undetected by the physical exam.

Figure 71.1. Lung ultrasound. A-line pattern. Obtained using a commercially available phased array ultrasound device 
paired with a tablet computer. Serial parallel hyperechoic lines parallel to the pleural line.
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Lung ultrasound is easy to learn. Inter-observer reliability has been demonstrated using  
web-based tutorials and image review by expert trainers. There are limitations to lung ultrasound. A 
full 28-point exam takes about 5 minutes to perform and requires the patient to disrobe. Importantly, 
other disease processes can present as a diffuse B-line pattern, including the acute respiratory  
distress syndrome, diffuse interstitial lung diseases, and multifocal pneumonias.

	 9.	 What	is	the	role	of	intradialytic	BVM	devices?
Patients undergoing ultrafiltration therapy have sodium and water removed from the intravascular 
compartment, leading to hemoconcentration as red cell mass is distributed in less volume. This is 
matched by mobilization of retained salt and water from the ECF compartment, termed capillary refill. 
The movement of water results in hemodilution, a fall in hematocrit. If the rate of ultrafiltration exceeds 
capillary refill, the patient develops effective arterial volume depletion. This can lead to intradialytic 
hypotension, decreased tissue perfusion, and myocardial and cerebral stunning.

The principle behind intradialytic BVM devices is to noninvasively estimate the hematocrit in real 
time during dialysis in order to avoid overaggressive ultrafiltration and prevent intradialytic hypotension.

Initial studies using intradialytic BVM devices showed improvement in intradialytic hypotension. 
However, a larger randomized controlled trial (the Crit-Line Intradialytic Monitoring Benefit or CLIMB 
Study) comparing these devices with standard of care demonstrated a significantly higher adverse 
event rate and mortality with intradialytic BVM. Further study is ongoing.

	10.	 Why	does	edema	develop?
Edema develops because of a perturbation in the Starling forces that govern the distribution of fluid 
between the vascular and the interstitial compartments.
• In primary kidney sodium retention, there is overfilling of the vascular compartment. This leads to 

increased venous pressure and increased capillary hydraulic pressure. Capillary hydraulic pressure 
is one of the Starling forces; increased capillary hydraulic pressure favors movement of fluid into 
the interstitium. Continued kidney retention of ingested sodium and water augments this process.

• In CHF, there is also overfilling of the vascular compartment, increased venous pressure, and  
increased capillary hydraulic pressure, which favors movement of fluid into the interstitium. Although 
there is overfilling of the vascular compartment, effective arterial volume is low. In other words, 
vascular underfilling is sensed. Avid kidney reabsorption of ingested sodium and water serves to 
increase effective arterial volume and increase effective tissue perfusion—but also augments 
edema formation.

• In cirrhosis, splanchnic vasodilatation is an early phenomenon. Sinusoidal obstruction in the cirrhotic 
liver leads to an increase in the hydraulic pressure in the sinusoids. Fluid in the sinusoids moves 

Figure 71.2. Lung ultrasound. B-line pattern. Obtained using a commercially available phased array ultrasound device 
paired with a tablet computer. Note the hyperechoic lines running perpendicular to the pleural line.
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across the hepatic capsule into the peritoneum. Ascites formation and splanchnic vasodilatation 
lead to a state of low effective arterial volume. Low effective arterial volume leads to avid  
reabsorption of ingested sodium and water, which augments ascites formation.

• In nephrotic syndrome, two mechanisms of edema formation (to varying degrees in individual  
patients) may be operative. Primary kidney sodium retention may lead to increased capillary  
hydraulic pressure and movement of fluid into the interstitium. Alternatively, low plasma oncotic 
pressure from hypoalbuminemia may lead to movement of fluid into the interstitium and vascular 
underfilling; secondary kidney retention of sodium and water augments edema formation.

	11.	 How	is	hypervolemia	treated?
Successful treatment of hypervolemia is accomplished by inducing negative sodium balance. A  
reduction in total body sodium will lead to a reduction in ECF volume. Output of sodium from the body 
may be increased by diuretic administration, by ultrafiltration (in patients with kidney failure), and by 
paracentesis (in patients with ascites). However, the goal of therapy is not merely to increase sodium 
output. The goal is to have sodium output exceed sodium intake. Therefore dietary sodium restriction 
is a cornerstone of therapy. Failure to adhere to dietary sodium restriction is a common cause of  
refractory edema.

	12.	 Is	there	a	limit	for	volume	removal?
Diuretics cause fluid loss from the vascular space. This contraction of the vascular space leads to a 
fall in venous pressure and in capillary hydraulic pressure. The fall in capillary hydraulic pressure  
promotes movement of edema fluid from the interstitial space into the vascular space. The rate at 
which replenishment of the vascular space occurs varies. Overly rapid diuresis leads to a significant 
reduction in the vascular space, which will in turn lead to decreased venous return to the heart,  
decreased cardiac filling pressures, decreased stroke volume, decreased cardiac output, and ultimately 
hypotension. Impaired kidney perfusion may lead to prerenal azotemia. Most patients, however, can 
tolerate gradual correction of volume overload. In patients with substantial peripheral edema, edema 
fluid can be mobilized from most capillary beds. As a result, a negative fluid balance of 2 to 3 L/day 
can generally be accomplished without significant reduction in vascular volume. The case of the  
patient with cirrhosis and ascites but without peripheral edema is discussed below.

	13.	 How	do	diuretics	work?
All diuretics block sodium reabsorption by the kidney. Diuretics are classified according to the site in the 
nephron at which they block sodium reabsorption. There are four classes of diuretics.
• The thiazide diuretics (e.g., hydrochlorothiazide, chlorthalidone, and metolazone) inhibit the Na1-Cl2 

cotransporter in the luminal membrane of the distal tubule and connecting tubule.
• The loop diuretics (furosemide, bumetanide, torsemide, and ethacrynic acid) block the Na1-K1-2Cl2 

carrier in the luminal membrane of the thick ascending limb of the loop of Henle.
• The potassium-sparing diuretics (amiloride, triamterene, spironolactone, and eplerenone) block  

sodium reabsorption in the collecting tubule. Amiloride and triamterene inhibit Na1 channels in the 
luminal membrane of the principal cell of the collecting tubule. Spironolactone and eplerenone are 
competitive inhibitors of aldosterone and indirectly block sodium reabsorption in the collecting tubule.

• The carbonic anhydrase inhibitor acetazolamide impairs proximal tubular Na1, Cl2, and HCO3
2 

reabsorption.

	14.	 Should	a	thiazide	diuretic	or	loop	diuretic	be	used	to	treat	hypervolemia?
Approximately 25% of sodium filtered by the glomeruli is reabsorbed by the loop of Henle. Approximately 
3% to 5% of filtered sodium is reabsorbed by the distal tubule and connecting segment. Because of 
their greater potency, loop diuretics are used to treat symptomatic hypervolemia. As described below, 
thiazide diuretics can be useful adjuncts to loop diuretics in refractory edema.

	15.	 Should	a	thiazide	diuretic	or	loop	diuretic	be	used	to	treat	hypertension?
In patients with normal kidney function, thiazide diuretics are preferred to loop diuretics. The thiazide 
diuretics have a longer duration of action than do loop diuretics. Furosemide, for example, has a dura-
tion of action of approximately 6 hours. After 6 hours, activation of the renin-angiotensin-aldosterone- 
system leads to renal sodium retention and limits the antihypertensive effect of the drug. The thiazide 
diuretics, especially chlorthalidone, have a much longer duration of action. However, the thiazide  
diuretics become much less effective when the glomerular filtration rate falls below about 30 mL/min. 
In patients with impaired kidney function, then, loop diuretics are more effective antihypertensive 
agents. It must be emphasized that a thiazide or loop diuretic is an essential component of an  
antihypertensive regimen for patients with resistant hypertension.
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	16.	 How	does	one	choose	a	loop	diuretic	dose	for	a	patient	with	generalized	edema?
The first order of business is to determine the effective dose. Loop diuretics have a dose-response 
curve. Loop diuretics are secreted into the tubular lumen and act on the luminal membrane. A threshold 
rate of diuretic excretion must be attained before natriuresis occurs. A typical initial intravenous dose 
of furosemide for a patient with generalized edema is 20 to 40 mg. If administration of 40 mg intravenous 
furosemide does not produce diuresis within a few hours, one can assume that the threshold rate of 
diuretic excretion has not been reached. Repeated administrations of 40 mg doses will not be effective. 
Instead, the dose should be increased to 80 mg. The dose may be increased in stepwise fashion to a 
maximum of 200 mg until the single effective dose is determined. This effective dose should then be 
administered at least twice daily in order to achieve effective diuresis. Because the bioavailability of oral 
furosemide averages about 50%, one must double the dose of furosemide when converting a patient 
from intravenous to oral therapy. This is not necessary for the other loop diuretics, which have greater 
oral bioavailability. On occasion, the maximum intravenous dose of a loop diuretic may not produce  
diuresis. The mechanisms of and approach to diuretic resistance are described in Tables 71.1 and 71.2.

	17.	 Are	there	special	considerations	when	treating	patients	with	the	nephrotic	syndrome?
Patients with the nephrotic syndrome may be resistant to diuretic therapy because of hypoalbuminemia 
and albuminuria. Because diuretics are highly protein-bound, they are confined to the vascular space 
and delivered rapidly to the kidney. The hypoalbuminemia in patients with the nephrotic syndrome 
expands the volume of distribution of the drug and slows the rate of delivery to the kidney. (In spite  
of this, administration of a solution of albumin to which a loop diuretic has been added does not  
substantially increase diuresis.) Except for the aldosterone antagonists, spironolactone and eplerenone, 
diuretics act on the luminal membrane. However, intraluminal binding of thiazide and loop diuretics by 
albumin in the tubular fluid makes them inactive. For these reasons, blocking sodium reabsorption at 
an additional site in the nephron may be necessary to achieve diuresis. A thiazide diuretic is typically 
chosen. The combination of a loop diuretic and a thiazide diuretic can precipitate severe hypokalemia; 
the plasma potassium concentration must be monitored carefully. Angiotensin inhibition by angiotensin-
converting enzyme inhibitors or by angiotensin receptor blockers can be an important adjunct to  
diuretic therapy. These drugs may decrease albuminuria and increase the plasma albumin concentration, 
thereby enhancing the response to diuretics.

	18.	 Are	there	special	considerations	when	treating	patients	with	CHF?
Patients with CHF may be resistant to diuretic therapy. CHF leads to diminished kidney perfusion and 
consequently to diminished delivery of the diuretic to the kidney. In addition, increased activity of  

Table 71.1. Intravenous Loop Diuretic Dose Equivalencies

DIURETIC INITIAL DOSE MAXIMUM DOSEa CONTINUOUS INFUSIONa

Furosemide 20–40 mg 200 mg 40–80 mg bolus, then 5–40 mg/hb

Bumetanide 0.5–1 mg 8–10 mg 1 mg bolus, then 0.5–2 mg/hb

Torsemide 10–20 mg 100 mg 20 mg bolus, then 5–20 mg/hb

aHigh doses of intravenous loop diuretic may be necessary in patients with resistance to diuretics (e.g., those 
with heart failure, nephrotic syndrome, or kidney failure). See text.

bRepeat loading dose before increasing the infusion rate.

Table 71.2. Thiazide Diuretic Doses in Refractory Edemaa

DIURETIC DOSE

Chlorothiazide 500–1000 mg IV daily or twice daily

Hydrochlorothiazide 25–50 mg by mouth twice dailyb

Chlorthalidone 12.5–25 mg by mouth twice dailyb

Metolazone 2.5–20 mg by mouth dailyb

aWhen used in addition to loop diuretic.
bIf the loop diuretic is given intravenously, administration of oral thiazide diuretic 

should precede administration of intravenous loop diuretic by a few hours.
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the renin-angiotensin-aldosterone system leads to increased sodium reabsorption at other nephron 
sites. Finally, in patients treated with an oral loop diuretic, delayed intestinal absorption of the loop  
diuretic may prevent the threshold rate of diuretic excretion to be reached. Because of these  
phenomena, addition of a thiazide diuretic may be necessary. Chlorothiazide is the only thiazide  
diuretic that can be administered intravenously. However, oral hydrochlorothiazide, chlorthalidone, and 
metolazone are also effective. There are several other special considerations when treating patients 
with CHF:
• For patients treated with an oral loop diuretic, torsemide or bumetanide may be better choices  

than furosemide. The bioavailability of oral furosemide averages about 50%, but ranges from 10% 
to 100%. In addition, the bioavailability may vary greatly over time in an individual patient. The  
bioavailability of torsemide and bumetanide is more predictable.

• Spironolactone and eplerenone improve survival in patients with heart failure with reduced ejection 
fraction. This benefit is thought to be independent of the diuretic effect.

• Diuresis may lead to contraction of the vascular compartment, decreased venous return to the 
heart, decreased cardiac filling pressures, decreased cardiac output, decreased kidney perfusion, 
and prerenal azotemia. However, patients with elevated central venous pressure have elevated  
kidney venous pressure. Elevated kidney venous pressure impairs kidney perfusion. In such  
patients, diuresis may lead to improvement in kidney function.

• Patients with chronic obstructive pulmonary disease may have chronic respiratory acidosis and cor 
pulmonale. Diuresis can lead to contraction alkalosis. Contraction alkalosis can depress ventilation, 
thereby exacerbating the hypoxemia and hypercapnia. In this situation, correction of the contraction 
alkalosis can be achieved by the administration of the carbonic anhydrase inhibitor acetazolamide.

	19.	 Are	there	special	considerations	when	treating	patients	with	decompensated	cirrhosis?
The initial diuretic regimen for a patient with cirrhosis and ascites typically consists of oral spironolactone 
100 mg daily and oral furosemide 40 mg daily. The doses may be increased if necessary, maintaining 
the ratio of spironolactone to furosemide at 100 mg to 40 mg. In cirrhotic patients with generalized 
edema, diuresis can be rather rapid. In these patients, interstitial fluid can be mobilized rapidly 
through capillary beds, thereby maintaining vascular volume. In patients with ascites but without  
peripheral edema, one must be more cautious. In these patients, ascitic fluid can be mobilized only 
via the peritoneal capillaries. The maximum rate at which such mobilization can occur is approximately 
500 mL/day. If negative fluid balance exceeds 500 mL/day, vascular volume may fall, leading to azotemia 
or even hepatorenal syndrome. If more rapid fluid removal is desired in a patient with ascites but 
without peripheral edema, large-volume paracentesis should be considered. Care must also be  
taken to avoid diuretic-induced hypokalemia in cirrhotic patients. Hypokalemia leads to exchange of 
potassium and hydrogen ions across cell membranes. Potassium moves out of cells, and protons 
move into cells. The resultant intracellular acidosis stimulates ammonia synthesis in the proximal  
tubular cells. Hyperammonemia may induce or exacerbate hepatic encephalopathy.

	20.	 Are	there	special	considerations	when	treating	patients	with	kidney	failure?
Kidney failure leads to retention of anions, which competitively inhibit proximal tubular secretion of  
diuretic into the tubular lumen. This phenomenon leads to resistance to diuretics.

HYPOVOLEMIA

	21.	 What	is	hypovolemia?	Is	it	different	from	dehydration?
Hypovolemia is generally synonymous with ECF volume contraction. Physicians should distinguish  
between ECF volume contraction and dehydration. ECF volume contraction implies a loss of sodium 
and water. Dehydration implies a loss of water. For example, a loss of 1 L of fluid containing 150 mmol 
sodium will cause the ECF volume to fall by 1 L. Because the lost fluid is isotonic, plasma osmolality 
will not change. A loss of 1 L water, however, will cause much less ECF volume contraction. Water will 
be lost proportionately from all body fluid compartments. Because two-thirds of total body water is  
intracellular and one-third is extracellular, a loss of 1 L water will cause the ECF volume to fall by only 
0.33 L. Plasma osmolality will rise. A loss of 1 L water is more properly called dehydration. Losses of 
water, then, are less likely to cause manifestations of ECF contraction than are losses of sodium and 
water (Fig. 71.3). Losses of water, however, may cause manifestations of hypernatremia.

	22.	 What	leads	to	ECF	volume	losses?
ECF volume losses may be due to losses of sodium and water through the gastrointestinal tract, 
through the kidneys, or through the skin. ECF may also be sequestered in a third space.
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Figure 71.3. Site of diuretic action. ADH, Antidiuretic hormone; CAI, carbonic anhydrase inhibitors. (From Kester, M., Karpa, K. D., Quraishi, S., et al. (2007). Elsevier’s integrated 
pharmacology. Philadelphia: Mosby.)
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	23.	 What	are	the	common	gastrointestinal	causes	of	hypovolemia?
• Gastrointestinal bleeding is a common cause of volume contraction.
• Loss of fluid from the gastrointestinal tract can cause volume contraction. Secretions from the 

stomach, pancreas, gallbladder, and intestines total about 3 to 6 L/day, but almost all of this  
secreted fluid is reabsorbed. If reabsorption is prevented because of vomiting or external drainage 
of secretions (as with tube drainage or ostomies), volume contraction can ensue. If secretions  
increase (as with diarrhea), volume contraction can ensue.

	24.	 What	are	the	common	kidney	causes	of	hypovolemia?
• Diuretics impair kidney sodium reabsorption. Overuse can cause volume contraction.
• Osmotic diuresis can cause volume contraction. The presence of a nonreabsorbable solute in the 

tubular fluid inhibits sodium and water reabsorption. In uncontrolled diabetes mellitus, the rate at 
which glucose is filtered by the glomeruli exceeds the rate at which glucose can be reabsorbed by 
the renal tubules. Glucose in the tubular fluid acts as an osmotic agent and can produce large 
losses of sodium and water.

• Adrenal insufficiency can cause volume depletion and hypotension. In this disorder, aldosterone  
deficiency leads to kidney sodium losses.

• Diabetes insipidus is due to impaired ADH secretion (central diabetes insipidus) or impaired kidney 
response to ADH (nephrogenic diabetes insipidus). These disorders are characterized by decreased 
water reabsorption by the collecting tubules and by the excretion of large volumes of dilute urine. 
In well patients, this water loss will be matched by water intake. In patients with altered mental 
status or without easy access to water, however, ongoing water losses may produce hypernatremia 
and volume contraction.

• Bilateral urinary tract obstruction can produce kidney failure and volume overload. Urine output  
often increases after relief of bilateral urinary tract obstruction. In almost all cases, however, this 
post-obstructive diuresis represents physiologic correction of volume overload. Attempts to match 
urine output with intravenous fluid intake will lead to persistently high urine output.

	25.	 When	do	losses	from	the	skin	lead	to	hypovolemia?
Evaporation of water from the skin and respiratory tract totals about 700 to 1000 mL/day. These 
losses are called insensible water losses. Sweat is hypotonic (sodium concentration 15 to 65 mmol/L), 
and production of sweat is low in day-to-day life. However, exercising in a hot environment will 
greatly increase sweat production and lead to deficits of sodium and water. Burns can lead to large 
losses of fluid from the interstitial compartment to the external environment. This fluid has electrolyte 
concentrations similar to those of plasma.

	26.	 What	conditions	cause	sequestration	into	a	third	space?
A third space is a space that is not in equilibrium with the ECF space. The following conditions can 
cause sequestration of fluid into a third space.
• Crush injuries. ECF is sequestered into the damaged skeletal muscle.
• Severe pancreatitis. ECF is sequestered into the inflamed pancreas.
• Intestinal obstruction. ECF is sequestered in the intestinal lumen.
• Skeletal fractures. A large amount of blood may be sequestered in adjacent tissues.

	27.	 How	does	one	assess	volume	status?
Assessment of volume status can be challenging. The wise clinician gathers evidence from the history, 
physical examination, and laboratory investigations. Each type of evidence has its limitations, and, in 
many cases, the evidence is conflicting. The following can be helpful in the assessment of volume 
status:
• History. When assessing a patient with dyspnea, paroxysmal nocturnal dyspnea and orthopnea 

suggest that heart failure is the culprit.
• Blood pressure. Patients with severe volume contraction may, of course, be hypotensive. However, 

if there is severe vasoconstriction, blood pressure may be normal even in patients with shock.
• Postural vital signs. In patients with suspected blood loss, an increase in the pulse of at least  

30 beats per minute or severe postural dizziness (preventing measurement of standing pulse and 
blood pressure) suggests a blood loss of at least 1 L.

• Venous pressure. The external jugular vein may be examined. The normal venous pressure is 1 to  
8 cm H2O. Examination of the external jugular vein can be helpful both in the assessment of volume 
status and in the assessment of the response to volume replacement or diuresis. Venous pressure 
may also be measured by insertion of a catheter into the right atrium.
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• Peripheral edema. Pitting edema occurs when the interstitial fluid is diluted with fluid with a low 
concentration of protein. Pitting edema indicates that there is an excess of interstitial fluid but not 
necessarily an excess of intravascular fluid.

• Skin turgor. The loss of interstitial fluid that occurs with ECF volume contraction causes the skin to 
recoil more slowly after pinching. Because elasticity of skin decreases with age, however, reduced 
skin turgor may not be a reliable sign of volume contraction in elderly patients.

• Dry axillae suggest the presence of volume depletion in the elderly. Moist mucous membranes 
suggest that volume depletion is not present.

• BUN: creatinine ratio. Proximal tubular reabsorption of filtered urea is passively linked to reabsorption 
of sodium and water. In hypovolemia and in states of low effective arterial volume, proximal tubular 
reabsorption of sodium, water, and urea will be enhanced. This may cause the BUN:creatinine ratio 
to exceed 20:1.

• Urine sodium concentration. The urine sodium concentration is typically less than 25 mmol/L in  
hypovolemia and in states of low effective arterial volume.

• Hematocrit and plasma albumin concentration. Acute loss of fluid from the vascular space can 
cause hemoconcentration.

	28.	 When	may	the	urine	sodium	concentration	be	misleading?
The urine sodium concentration may be misleading in the following circumstances.
• In metabolic alkalosis (as with nasogastric suction or vomiting), bicarbonaturia obligates excretion 

of a cation. Therefore, the urine sodium concentration may not be low in cases of volume contraction. 
In this circumstance, the urine chloride concentration should be measured. The urine chloride  
concentration will typically be less than 15 mEq/L in cases of volume contraction.

• In states of low effective arterial volume (heart failure and cirrhosis), there may be avid kidney  
tubular sodium reabsorption even in cases of severe hypervolemia. Physical findings of hypervolemia 
will usually suggest that such patients need to be diuresed.

• If a patient with acute kidney injury is being treated with diuretics, the urine sodium concentration 
may not be low, even in the presence of volume contraction. In this circumstance, the fractional 
excretion of urea should be calculated. A fractional excretion of urea of less than 35% suggests the 
presence of volume contraction and prerenal azotemia.

• If volume contraction and acute tubular necrosis coexist. Because kidney tubular function is  
impaired, the urine sodium concentration may not be low.

	29.	 What	acid-base	and	electrolyte	changes	are	associated	with	hypovolemia?
• Gastric secretions contain high concentrations of H1 and Cl2. Therefore vomiting and nasogastric 

suction often cause metabolic alkalosis. The increased filtered load of bicarbonate leads to  
increased delivery of sodium and bicarbonate to the collecting tubule. Because of volume depletion, 
aldosterone secretion is enhanced. This hyperaldosteronism enhances sodium reabsorption and 
potassium secretion in the collecting tubule. Therefore vomiting and nasogastric suction may also 
be accompanied by hypokalemia.

• Secretions from the gallbladder, pancreas, and intestines have high concentrations of bicarbonate. 
Losses of these fluids, as from diarrhea or external drainage, may cause normal anion gap metabolic 
acidosis. Because these secretions contain potassium, hypokalemia may also be present.

• Overuse of diuretics is typically accompanied by hypokalemia and metabolic alkalosis. Diuretics 
lead to contraction of the ECF volume around a constant amount of bicarbonate, leading to  
contraction alkalosis. Loop and thiazide diuretics increase sodium delivery to the collecting tubule. 
Hyperaldosteronism secondary to volume contraction promotes sodium reabsorption and potassium 
secretion in the collecting tubule, leading to hypokalemia.

• Osmotic diuresis from uncontrolled diabetes mellitus can cause perturbations in plasma sodium 
and potassium concentrations. Hyperglycemia causes movement of water from the intracellular 
space to the extracellular space, depressing the plasma sodium concentration. However, the 
plasma sodium concentration is often higher than expected because of free water loss caused by 
the osmotic diuresis. Osmotic diuresis from uncontrolled diabetes mellitus generally causes a large 
total body potassium deficit because of urinary losses from the osmotic diuresis. Despite this  
potassium deficit, the plasma potassium concentration is usually normal or elevated. There are  
two reasons for this phenomenon. Because insulin promotes uptake of potassium by cells, insulin 
deficiency promotes hyperkalemia. In addition, the hyperosmolality caused by hyperglycemia 
causes water to move out of the cells into the ECF. Potassium will be “dragged” out of the cells in 
a process called solvent drag. Even if the initial plasma potassium concentration is normal, then, 
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 1. Hypervolemia is synonymous with ECF volume overload.
 2. ECF volume overload is due to an excess of total body sodium.
 3. To correct ECF volume overload, sodium output must exceed sodium intake. Sodium output is  

typically augmented by diuretics. Excessive dietary sodium intake can negate the effects of a  
diuretic regimen.

 4. To correct ECF volume overload, an effective dose of diuretic must be determined, and, in some  
circumstances, more than one diuretic may need to be administered.

 5. ECF volume contraction implies a deficit of sodium and water. Dehydration implies a deficit of  
water. A deficit of water is less likely to produce manifestations of ECF volume contraction than is a 
deficit of sodium and water.

 6. To assess volume status, the clinician gathers evidence from the history, physical examination, and 
laboratory investigations. Each type of evidence has its limitations, and, in many cases, the evidence 
is conflicting.

 7. A low urine sodium concentration does not necessarily imply the presence of volume contraction.  
A high urine sodium concentration does not necessarily imply the absence of volume contraction.

 8. Immediate and rapid volume repletion is indicated in hypovolemic shock in order to prevent shock 
from becoming irreversible.

 9. Crystalloids are preferred over colloid-containing solutions in the treatment of hypovolemia not due 
to hemorrhage.

KEY POINTS

one must monitor it closely. Insulin administration will reverse the processes described above and 
can lead to severe hypokalemia. Uncontrolled Type I diabetes mellitus may be accompanied by  
diabetic ketoacidosis.

• Diabetes insipidus leads to water losses and can cause severe hypernatremia in patients who do 
not have access to water.

• Any case of hypovolemia, if severe enough, can cause shock and lactic acidosis.

	30.	 Give	some	guidelines	for	the	rate	of	volume	replacement	in	hypovolemia.
In the absence of hypotension or shock, gradual volume repletion is preferred. The goal of therapy is 
to achieve positive fluid balance, not merely to administer a large volume of intravenous fluid. For  
example, a patient may have an ostomy output of 3 L/day. The patient’s insensible losses are approximately 
1 L/day. When one takes urine output into account, one can see that well more than 4 L of fluid must 
be administered per day if positive fluid balance is to be achieved and volume contraction is to be 
corrected.
• In cases of hypovolemic shock, rapid volume repletion is preferred to restore tissue perfusion and 

to prevent shock from becoming irreversible. At least 1 to 2 L of isotonic saline should be given in 
the first hour. Blood should be given in cases of hemorrhagic shock. Blood pressure and mental 
status may be used to guide subsequent intravenous fluid administration. Central venous pressure 
measurement may be needed in patients who fail to respond to initial therapy, especially if there is 
substantial ongoing fluid loss.

	31.	 Are	colloids	better	than	crystalloids	for	volume	replacement?
No. Fluid repletion with colloid-containing solutions (albumin solution or hyperoncotic starch solutions) 
would seem to have potential advantages over fluid repletion with crystalloids (0.9% saline or lactated 
Ringer’s). Because the colloid remains in the vascular space, colloid-containing solutions should more 
effectively expand vascular volume. Also, because repletion with colloid-containing solutions increases 
plasma oncotic pressure and favors fluid movement from the interstitial space to the vascular space, 
repletion with colloid-containing solutions should lower the risk of pulmonary edema. However, studies 
have failed to demonstrate benefits from administration of colloid-containing solutions. In addition, 
administration of hyperoncotic starch solutions is associated with increased risk of acute kidney  
injury. Crystalloids are preferred to colloid-containing solutions, then, in the treatment of hypovolemia 
not due to bleeding. Because about three-fourths of administered isotonic saline will redistribute into 
the interstitial space, a much greater volume of crystalloid must be administered to achieve a similar 
degree of vascular volume expansion.
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	 1.	 What	is	the	difference	between	Mendelian	(or	monogenic)	forms	of	hypertension	and	essential	
hypertension?
Essential hypertension has a multifactorial etiology, including demographic and environmental  
(dietary) factors, and genetic predisposition, which results from multiple gene–gene and gene– 
environment interactions. Large genome-wide association studies among various populations mapped 
many gene loci for essential hypertension; however these loci have been predicted to have a very 
small effect on individual blood pressure variation, often estimated to be less than 2%. In contrast, 
Mendelian (or monogenic) forms of hypertension have a large effect on blood pressure level, with 
identifiable and often effectively treatable causes. The most common mechanism involves activation 
of the mineralocorticoid pathway, leading to increased kidney sodium reabsorption and volume  
expansion. Up to 20% of cases with resistant hypertension have either aldosterone-producing adrenal 
adenomas (APA) or bilateral adrenal hyperplasia. Based on recent DNA sequencing studies from  
adrenal adenoma tissues, ,50% of APA cases are caused by somatic mutations in genes controlling 
adrenal zona glomerulosa cell proliferation and aldosterone production. APA is the most common form 
of secondary hypertension, estimated to affect up to ,10% of patients with hypertension. Nevertheless, 
most monogenic forms of hypertension are exceedingly rare and estimated to be less than 2% of 
newly diagnosed hypertension. They result from mutations in a single gene and are mostly inherited 
in a Mendelian pattern. Since the early 1990s, more than 20 genes have been implicated in the  
etiology of Mendelian hypertension (Table 72.1). Similarly, many Mendelian genes have been identified 
that lower blood pressure (Table 72.2), with renal salt wasting being the main mechanism.

	 2.	 Which	clinical	characteristics	support	the	diagnosis	of	monogenic	hypertension?
Monogenic hypertension should be considered in patients below the age of 30 years, who present 
with severe or refractory hypertension and a family history of early-onset hypertension. In addition, 
associated biochemical abnormalities should raise suspicion. The presence of hypokalemia associated 
with metabolic alkalosis is suggestive of excess presence or activation of the mineralocorticoid  
pathway. Familial or spontaneous severe hypertension associated with hyperkalemia and metabolic 
acidosis (in setting of normal glomerular filtration rate) can be suggestive of pseudohypoaldosteronism 
type 2 (PHA 2; formerly known as Gordon syndrome).

A low renin value is shared by most of these disorders. Aldosterone activity may be decreased or 
increased. A typical example of low renin and aldosterone levels is Liddle syndrome. In contrast, a 
higher level of aldosterone release is seen in glucocorticoid-remediable aldosteronism (GRA, familial 
hyperaldosteronism type I). Both familial and sporadic forms of primary hyperaldosteronism exhibit 
typically a serum aldosterone-renin ratio (ARR) greater than 30 and a serum aldosterone value $15 ng/dL. 
A positive ARR should be confirmed with a 24-hour urine aldosterone measurement of greater than 
14 mg in the setting of high salt intake (urine sodium over 200 mEq/day).

	 3.	 What	is	the	genetic	basis	of	unilateral	aldosterone-producing	adrenal	adenomas	(APA,	familial		
hyperaldosteronism	type	3)?
The etiology of APA is de novo, somatic mutations in adrenal zona glomerulosa cells. Exome sequencing 
from adrenal adenoma tissues identified that ,30% of APA are due to somatic mutations in one gene, 
the inwardly rectifying potassium channel KCNJ5, causing amino acid substitutions in one of two 
highly conserved residues (G151R and L168R). In vitro experiments suggest that these rare somatic 
mutations lead to chronic depolarization of adrenal cells, causing constitutive aldosterone production 
as well as adrenal cell proliferation and unilateral adenoma. Interestingly, KCNJ5 mutations occur  
approximately twice as often in female than male individuals with APA. Also of interest, one rare  
genomic KCNJ5 mutation (T158A), transmitted in autosomal-dominant fashion, was identified in one 
family with bilateral familial adrenal adenomas associated with severe hypertension.
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Table 72.1. Monogenic Syndromes of Hypertension

SYNDROME MAIN FEATURES TREATMENT LOCUS INHERITANCE DISEASE GENE

Liddle syndrome • Salt-sensitive
• Hypokalemia and metabolic alkalosis
• Renin and aldosterone suppressed

ENaC inhibitors 16p12 AD ENaC (Epithelial 
Na1 channel)

Glucocorticoid-remediable  
aldosteronism (GRA)

• Salt-sensitive
• Hypokalemia and metabolic alkalosis
• Renin suppressed
• Aldosterone normal or elevated
• “Unusual” urine steroid metabolites

Corticosteroid therapy 8q24 AD CYP11B1/CYP11B2
(chimeric gene)

Apparent mineralocorticoid  
excess (AME)

• Salt-sensitive
• Hypokalemia and metabolic alkalosis
• Renin and aldosterone suppressed
• Nephrocalcinosis can be seen
• Elevated urinary cortisol-to-cortisone 

ratio

Spironolactone and  
ENaC inhibitors

16q22 AR 11 b-HSD 2

Mineralocorticoid receptor (MR) 
activating mutation

• Salt-sensitive
• Hypokalemia and metabolic alkalosis
• Renin and aldosterone suppressed
• Exacerbated in pregnancy
• Spironolactone acts as agonist

ENaC inhibitors 4q31 AD NR3C2

Aldosterone-producing  
adrenal adenomas (APA)

• Salt-sensitive
• Hypokalemia and metabolic alkalosis
• Renin suppressed
• Aldosterone elevated
• Imaging can show adrenal adenoma

Spironolactone or  
eplerenone  
adenomectomy

11q24 3p21 
1p13 Xq28

De novo/AD de novo
De novo
De novo

KCNJ5 CACNA1D 
ATP1A1
ATP2B3

Congenital adrenal hyperplasia 
(CAH)

• Salt-sensitive
• Hypokalemia and metabolic alkalosis
• Renin and aldosterone suppressed
• ACTH elevated
• Mineralocorticoids (e.g., DOC) elevated
• Glucocorticoid deficiency and abnormal 

sex hormones

Corticosteroid therapy 10q24
8q24

AR
AR

17a-hydroxylase 
11b-hydroxylase

Pseudohypoaldosteronism
type 2 (PHA 2)

• Salt-sensitive
• Hyperkalemia and metabolic acidosis
• Renin suppressed
• Aldosterone normal
• Hypercalciuria can be seen

Thiazide diuretics 12p13 
17q21
5q31
2q36

AD
AD
AR/
de novo

WNK1
WNK4
Kelch-like3 Cullin3

Pheochromocytoma • Labile hypertension
• Orthostatic hypotension
• Renin and aldosterone elevated
• Hypokalemia can be seen
• Elevated metanephrines

Alphablocker
Surgery

10q11
17q11
3p25
1p36
1q23
11q23
12q13
etc.

AD/
de novo
de novo

Ret
NF1
VHL
SDHB
SDHC
SDHD
KMT2D
etc.

Hypertension-brachydactyly 
syndrome

• Not salt-sensitive
• Renin and aldosterone suppressed
• Baroreceptor dysfunction
• Orthostatic hypertension
• Short stature
• Brachydactyly type E

Multidrug therapy 12p12 AD PDE3A

Hypertension, hypomagnesemia, 
and hypercholesterolemia;  
mitochondrial

• Hypomagnesemia
• Hyperlipidemia
• Incomplete penetrance

Multidrug  
therapy

mDNA Maternal tRNAIle
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Table 72.2. Monogenic Syndromes of Renal Salt-Wasting Lowering Blood Pressure

SYNDROME INHERITANCE MAIN FEATURES TREATMENT LOCUS DISEASE GENE

Bartter syndrome (TAL)
Type 1
Type 2
Type 3
Type 4
Type 4b
Type 5

AR
AR
AR
AR
AR
AD

• Hypokalemia and metabolic alkalosis
• Renin and Aldosterone elevated
• Nephrocalcinosis (types 1 and 2)
• Neonatal manifestation (types 1, 2, 4, 

and 4b)
• Deafness (types 4 and 4b)
• Hypercalciuria
• Renal failure (rare)

• Increase salt intake
• Potassium supplementation
• NSAIDs
• K1-sparing diuretic

15q21
11q24
1p36
1p32
1p36
3q13

SLC12A1 (NKCC2)
KCNJ1 (ROMK)
CLCNKB
BSND (Barttin)
CLCNKB/CLCNKA
CASR

Gitelman syndrome (DCT) AR • Hypokalemia and metabolic alkalosis
• Renin and Aldosterone elevated
• Hypomagnesemia
• Hypocalciuria
• Increased bone density
• Chondrocalcinosis (rare)

• Increase salt intake
• Potassium supplementation
• Magnesium supplementation
• K1-sparing diuretic
• NSAIDs

16q13 SLC12A3 (NCCT)

EAST syndrome
(DCT, CNT, and CD)

AR • Hypokalemia and metabolic alkalosis
• Renin and Aldosterone elevated
• Hypomagnesemia
• Hypocalciuria
• Seizures
• Hearing loss

• Increase salt intake
• Potassium supplementation
• Magnesium supplementation
• K-sparing diuretics

1q23 KCNJ10

Pseudohypo-aldosteronism
Type 1 (PHA I)
(CD)

AD
AR
AR
AR

• Hyperkalemia and metabolic acidosis
• Renin elevated
• Failure to thrive
• Resistance to steroid treatment

• Saline infusion
• Bicarbonate supplementation
• Dialysis

4q31
12p13
16p13
16p13

NR3C2
SCNN1A
SCNN1B
SCNN1G

ACE, angiotensin-converting-enzyme; AD, Autosomal-dominant; AGT, angiotensinogen; AGT1R, angiotensin 2 type 1 receptor; AR, autosomal-recessive; BSND, Barttin; CD, collecting 
duct; CLCNKB, chloride channel, voltage-sensitive Kb; CNT, connecting tubule; DCT, distal convoluted tubule; EAST, Epilepsy, Ataxia, Sensorineural deafness, Tubulopathy; KCNJ1, 
potassium inwardly-rectifying channel, subfamily J, member 1; Kir 4.1, inward rectifier-type K1-channel, member 4.1; NR3C2, nuclear receptor subfamily 3, group C, member 2; NSAIDs, 
nonsteroidal antiinflammatory drugs; REN, renin; SCNN1A, 1B or 1C, sodium channel, non-voltage-gated 1, a-subunit, b-subunit or g-subunit (genes encoding for ENaC subunits); 
SLC12A1, solute carrier family 12, member 1; TAL, thick ascending limb.
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Less common APA-causing somatic mutations in other genes are more frequently seen in males, 
including ATP1A1 (Na/K ATPase a1 subunit) and ATP2B (Ca11 ATPase). The causes for these gender 
differences are unknown; hormonal differences could play a role. Another gene implicated in APA  
is CACNA1D (a voltage-gated calcium channel); affected individuals feature seizures and other  
neurological abnormalities. Additional, rarer APA genes have been recently identified.

	 4.	 Which	hypertension	syndrome	features	unusual	steroid	metabolites	in	the	urine	that	typically	do	
not	exist?
GRA, familial hyperaldosteronism type 1, is an autosomal-dominant hypertensive disorder resulting 
from a hybrid gene located on chromosome 8. The defective gene consists of the regulatory gene  
of 11b-hydroxylase gene and the structural region of the aldosterone synthase gene. Normally, 
angiotensin-II (Ang-II) induces the production of aldosterone by stimulating the aldosterone gene, 
CYP11B2, whereas adrenocorticotropic hormone (ACTH) stimulation of the 11b-hydroxylase gene, 
CYP11B1, leads to cortisol production. A highly similar DNA sequence of these two genes and an  
unequal crossing over are the causes for GRA etiology. The ACTH-stimulated chimeric gene produces 
aldosterone in the zona fasciculata instead of the zona glomerulosa, and thus mineralocorticoid  
production is unresponsive to its traditional regulators Ang-II and potassium. Steroid analysis of urine in 
affected individuals shows the presence of unusual steroid metabolites of a chimeric protein normally 
not seen, 18-oxocortisol and 18-hydroxycortisol, which can be helpful to diagnose this condition.

In GRA, plasma renin is reduced, whereas aldosterone level can be increased. Hypokalemia is 
commonly seen. Given the severity of hypertension at presentation, patients suffer hemorrhagic 
strokes from ruptured aneurysms. Hence cerebral magnetic resonance angiography is a requisite in 
these patients at the time of diagnosis; repeat imaging every 5 years should be considered. Low-dose 
glucocorticoid therapy suppresses ACTH and aldosterone production, thereby serving an important 
therapeutic role. Both amiloride and spironolactone are also effective.

	 5.	 Which	syndrome	features	elevated	cortisol-to-cortisone	ratio	in	the	urine	despite	normal	serum	
cortisol	levels?
The syndrome of apparent mineralocorticoid excess (AME) is characterized by autosomal recessive 
hypertension and hypokalemia associated with metabolic alkalosis. In some cases, nephrocalcinosis 
and renal cysts are observed. The syndrome is caused by bi-allelic loss-of-function mutations in the 
kidney-specific isoform of 11b-hydroxysteroid dehydrogenase (11b-HSD 2), which allow concentrations 
of cortisol to rise in distal tubular cells and subsequent activation of the mineralocorticoid receptor 
(MR). Usually the 11b-HSD 2 enzymes “protect” MR from cortisol by oxidizing it to its inactive 
metabolite cortisone. The function of 11b-HSD 2 is important, since cortisol has the same affinity 
for the MR as aldosterone and typically a 10-fold greater level than aldosterone. An elevated urine 
(tetrahydro)cortisol-to-(tetrahydro)cortisone ratio greater than 0.5 establishes the diagnosis. The  
mainstay of therapy hinges on MR blockade with spironolactone. Adjunctive therapy includes  
potassium supplementation and low sodium diet.

	 6.	 Which	candy,	additive	to	chewing	tobacco,	or	liquor	can	cause	a	syndrome	mimicking		
mineralocorticoid	excess,	and	what	is	the	mechanism?
Individuals ingesting large amounts of high-quality licorice, which contains glycyrrhetinic acid, can  
develop hypertension associated with hypokalemia and metabolic alkalosis. This condition resembles 
an acquired form of AME. Glycyrrhetinic acid inhibits 11b-hydroxysteroid dehydrogenase 2 (11-b-HSD 2), 
thereby increasing cortisol in the distal tubule cells in the kidney, activating MR and increasing  
sodium reabsorption similar to that which occurs in AME syndrome. A frequently aggravating factor 
can be high salt content of certain licorice brands. Glycyrrhetinic acid can also be found in chewing 
tobacco, anise liquors (Ouzo, Arak, Raki, Sambuca), and carbenoxolone, a synthetic analog that is  
licensed in the United Kingdom for treatment of mucosal ulcerations.

	 7.	 Which	hypertension	syndromes	are	characterized	by	low	cortisol	levels	and	abnormal	sex	hormones?
Congenital adrenal hyperplasia (CAH) refers to several autosomal recessive conditions caused by  
mutations in genes mediating biochemical steroidogenesis in the adrenal gland. In CAH, the adrenal 
glands secrete excessive or deficient amounts of sex hormones and mineralocorticoids during  
prenatal development. Low cortisol production is characteristic of these conditions. CAH is often  
classified into the common “salt-wasting” forms, mostly due to 21-a-hydroxylase mutations, and 
the rare nonclassical forms (,10%), which are associated with hypertension due to increased ACTH 
production. Bi-allelic loss-of-function mutations in CYP11B1 (11-b-hydroxylase) or CYP17A1 
(17-a-hydroxylase) can cause CAH associated with hypertension. In CAH, both cortisol and sex steroid 
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levels are altered, leading to increased mineralocorticoid precursor production (mainly 11-deoxy- 
corticosterone, deoxycorticosterone [pDOC], and corticosterone) and activating the MR. Patients  
typically develop childhood hypertension caused by volume expansion associated hypokalemia and 
metabolic alkalosis. Treatment with glucocorticoids suppresses ACTH, thereby reducing mineralocorticoid 
precursor production and lowering the blood pressure. In 11-b-hydroxylase deficiency, female virilization 
is common, and in 17-a-hydroxylase deficiency, genetic males feature ambiguous genitalia and 
females can have failure to ovulate.

	 8.	 Describe	a	mechanism	in	which	spironolactone	and	progesterone	increase	blood	pressure.
Geller syndrome is an autosomal-dominant form of hypertension resembling Liddle syndrome,  
associated with hypokalemia, metabolic alkalosis, and suppressed renin and aldosterone level.  
Affected individuals develop hypokalemia and early-onset hypertension, which, in females, is exacerbated 
by pregnancy, often requiring premature delivery in the absence of preeclampsia. Candidate gene  
sequencing followed by structural protein analysis revealed that a mutated MR (S810L) allowed for 
activation by steroids lacking a 21-hydroxyl group, such as progesterone, which under normal  
conditions is not possible. At baseline, the mutated MR is constitutively active, explaining its features 
of increase distal sodium reabsorption via downstream activation of ENaC.

In this disorder, a novel leucine residue (instead of serine) at position amino acid 810 lies within 
the MR ligand-binding domain, allowing activation of the receptor by spironolactone instead of inhibition. 
Amiloride and triamterene are used for treatment of this rare condition.

	 9.	 Why	are	amiloride	or	triamterene	used	to	treat	Liddle	syndrome?
First described by Grant W. Liddle in 1963, individuals with this autosomal-dominant form of  
hypertension feature hypokalemia and metabolic alkalosis, suggesting hyperaldosteronism; however, 
their aldosterone levels are completely suppressed. Interestingly, affected individuals do not respond 
to spironolactone treatment; however, they show significant improvement of blood pressure with any 
blockers of ENaC. Candidate gene analysis identified gain-of-function mutations in two of the three 
subunits that form the epithelial sodium channel ENaC as responsible cause for this syndrome.  
Missense mutations and deletions in the cytoplasmic tails of the b- or g-subunits of ENaC lead to 
impaired deactivation of the channel from the luminal surface in the distal nephron, thereby causing 
upregulated sodium reabsorption.

In vitro studies showed that the internalization of the mutated ENaC channels from the cell  
surface (either by ubiquitination or clathrin-mediated endocytosis) is impaired, and the ENaC channels 
remain active on the apical cell surface mediating unopposed sodium reabsorption. This mechanism 
explains the superb efficacy of ENaC blockers, such as amiloride, in the treatment of this disease.

	10.	 Why	is	hydrochlorothiazide	an	effective	treatment	for	PHA	2.	familial	hyperkalemic	hypertension?
PHA 2 is a heterogeneous condition that can be transmitted in autosomal-dominant, autosomal- 
recessive, or de novo fashion. In addition to hypertension and hyperkalemia, patients feature hyper-
chloremic metabolic acidosis. Aldosterone levels are typically in the low normal range, reflecting the 
opposing effects of hyperkalemia, which normally stimulates aldosterone release, and extracellular fluid 
volume expansion, which normally inhibits it. Renin activity is typically suppressed. Hypercalciuria has 
been described.

The molecular mechanisms of PHA 2 is defined by activation of the sodium-chloride-cotransporter 
(NCCT) in the distal convoluted tubule (DCT). In addition to salt-sensitive hypertension, blood pressure 
is chloride dependent; the exchange of sodium bicarbonate or citrate infusions for sodium chloride  
infusion ameliorates blood pressure elevation. These findings explain why thiazide diuretics represent 
a highly effective treatment for all features of this syndrome.

	11.	 Name	at	least	on	gene	defect	that	will	lead	to	the	clinical	and	biochemical	profile	of	(PHA	2).
Several genes have been identified for the etiology of PHA 2. The first ones were two (With-No-Lysine 
[K]) kinases, WNK1, and WNK4, identified by linkage analysis using (large) pedigrees of affected  
families. These WNK kinases have multiple functions in the distal nephron, including regulation of  
the NCCT in the DCT via cascade of various kinases, including WNK3. In part, they are regulated by  
intracellular chloride concentration. When these kinases are mutated (WNK1: intronic gain-of-function 
deletions, WNK4: loss-of-function mutations), distal sodium reabsorption via NCCT is increased  
regardless of volume status, resulting in salt-sensitive hypertension. Mutations in the WNKs are  
believed to cause increased NCCT plasma membrane abundance and therefore increased activity.  
Another hallmark of PHA 2 is hyperkalemia; the mechanisms leading to decreased potassium excretion 
are complex and can be explained by WNK participation in determining the nature of aldosterone  
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action, which has distinct functions in the setting of hypovolemia (sodium retention) and hyperkalemia 
(potassium excretion). The inhibition of potassium excretion despite marked hyperkalemia occurs 
likely by both, direct inhibition of the potassium channel renal outer medullary K (ROMK) (increased 
endocytosis) in the DCT and decreased potassium excretion in the collecting duct (CD; lower sodium 
concentration in the lumen leads to decreased diffusion gradient for movement of cellular potassium 
into the urine). The role of NCCT activation in the pathophysiology of PHA 2 explains why this condition 
is so responsive to treatment with thiazide diuretics.

Two more gene defects for PHA 2 have been identified by exome sequencing; Kelch-like 3 (KLHL3) 
and Cullin 3 (CUL3). These genes are expressed in the DCT and co-localize with WNK1, WNK4, and the 
NCCT. They form a complex, a KLHL3-CUL3 E3 ubiquitin ligase, which regulates WNK1 and WNK4  
activity in the DCT in complex fashion and ubiquitination (deactivation) of NCCT from cell surface.

The phenotype of individuals affected by these different gene defects in PHA 2 differs.  
Patients with KLHL3 and CUL3 mutations appear more severely affected as they develop PHA 2  
at younger age and present with more severe hyperkalemia and also a failure to thrive. Patients  
with WNK1 mutations have a milder phenotype, whereas patient with WNK4 mutations can feature  
hypercalciuria. However, thiazide diuretics are a very effective treatment of choice in all forms  
of PHA 2.

	12.	 Which	monogenic	form	of	hypertension	can	feature	both	elevated	renin	and	aldosterone	level?
Pheochromocytoma (PCC) is caused by catecholamine-producing adrenal tumors and is  
associated with various symptoms depending on the type and secretory pattern of the produced 
catecholamine(s). Hypertension can present as paroxysmal and labile hypertension, complicated  
by orthostatic hypotension and persistent hypertension. Hypokalemia is often seen, and renin and  
aldosterone levels are elevated due to volume depletion and catecholamine-mediated renin release 
from the juxtaglomerular cells. Familial forms of PCC are common. The majority are associated with 
multiple endocrine neoplasia type 2 (MEN type 2) and caused by gain-of-function mutations in the 
RET protooncogene. In addition to RET, more than 10 genes have been associated with familial PCC 
(including genes causing the phakomatoses von Hippel-Lindau disease and Neurofibromatosis type 1; 
Table 72.1). Overall, known genetic mutations may account for the pathogenesis of up to ,60% of 
PCC and paragangliomas. A recent exome sequencing study from nonsyndromic adrenal PCC tissue 
identified de novo somatic mutations in genes associated with apoptosis-related pathways. Particularly, 
mutations in the “cancer” gene KMT2D (lysine [K]-specific methyltransferase 2D) were more frequent 
(,14% of tissues).

The treatment of choice is surgical resection of the affected adrenal gland(s) or paraganglioma, 
respectively. Treatment with irreversible alpha-blockade prior to surgery is mandatory to prevent  
life-threatening hypertensive complications.

	13.	 Which	salt-wasting	tubulopathy	represents	the	mirror	image	of	(PHA	2)?
Individuals affected by Gitelman syndrome present with symptoms identical to those who are on  
thiazide diuretics; the features of this condition mirror the findings in PHA 2 with the exception of  
hypomagnesemia and include hypochloremic metabolic alkalosis, hypokalemia, and hypocalciuria.  
Affected individuals are typically asymptomatic; however, muscular cramps, weakness/fatigue, and  
irritability have been described. More severe symptoms, such as tetany and paralysis, are rare.

The condition is caused by homozygous or compound heterozygous loss-of-function mutations 
in SLC12A3 encoding the NCCT, inactivating NCCT expression in the apical membrane of DCT  
epithelia, thereby causing urinary sodium wasting. Individuals with heterozygous loss-of-function  
mutations in NCCT may have a survival benefit due to a lower blood pressure level and increased 
bone mineral density.

	14.	 Which	salt-wasting	tubulopathy	represents	the	mirror	image	of	Liddle	syndrome?
Pseudohypoaldosteronism type 1 (PHA 1) is characterized by salt-wasting resulting from renal  
unresponsiveness to aldosterone. Affected individuals present with neonatal renal salt wasting associated 
with hyperkalemic acidosis, despite high aldosterone levels. There are two genetic subtypes, which 
can be distinguished by severity of symptoms: the milder type 1A is inherited in an autosomal- 
dominant fashion, and the more severe type 1B is transmitted in an autosomal recessive pattern.

The recessive form, PHA type 1B, is caused by biallelic loss-of-function mutations in any one of 
the three genes encoding the a-, b-, and g-subunits of ENaC, leading to decreased channel activity 
and severe renal salt wasting. This condition is the mirror image of Liddle syndrome. Patients with 
this form can feature a severe systemic disorder, starting in infancy and persisting into adulthood, and 
require lifelong follow-up.
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PHA type 1 A is caused by loss-of-function mutations in the MR gene and could be considered 
as mirror image of Geller syndrome (hypertension exacerbated in pregnancy by activating mutation of 
the MR). Affected individuals improve with aging and usually become asymptomatic without treatment 
by adulthood. Nevertheless, elevated aldosterone levels can be found. Affected individuals are at 
higher risk with intercurrent illness associated with volume depletion.

	15.	 Explain	the	various	types	of	Bartter	syndrome.
In Bartter syndrome, renal salt wasting occurs in the thick ascending limb of Henle (TAL). It is a  
heterogeneous, autosomal-recessive renal-tubular disorder characterized by hypokalemia, hypochloremia, 
metabolic alkalosis, and hyperreninemia with low-normal blood pressure. The primary defect is an 
impaired transepithelial transport of sodium chloride across the TAL, resulting in excessive urinary 
losses of sodium, chloride, and potassium. The combination of secondary hyperaldosteronism and  
increased distal sodium delivery enhances potassium (and hydrogen) secretion at the secretory sites 
in the distal nephron, leading to hypokalemia. In addition to volume depletion, increased renal release 
of vasodilating prostaglandins PGE2 contributes to the features of Bartter syndrome.

Failure to thrive is a typical occurrence in children with neonatal Bartter syndrome, caused by 
loss-of-function mutations in the Na-K-2Cl cotransporter (NKCC2, Bartter type 1) and the kidney  
outer medullary potassium channel (ROMK, Bartter type 2), both of which are expressed at the apical 
membrane of TAL epithelia.

In comparison, the classic Bartter syndrome (type 3) is caused by loss-of-function mutations in 
the basolateral chloride channel Kb (CLCNKB), often diagnosed at school age or later in adulthood.  
Increased urinary calcium excretion is significantly milder in classic Bartter; however, kidney stones 
can develop. Kidney function is typically normal; however, progression to end-stage kidney disease 
has been reported. Since CLCNKB is also expressed in the DCT, type 3 Bartter syndrome is classified 
by some authors as a mixed disorder of the TAL and DCT or as a disorder of the thiazide–furosemide 
pharmacotype; therefore hypomagnesemia can be present in classic Bartter syndrome.

Type 4 Bartter syndrome is caused by mutations in Barttin (BSND), an accessory b-subunit of 
the CLCNKB, and associated with sensorineural deafness. Hearing loss in Bartter type 4 is explained 
by loss-of-function of Barttin, which is also expressed in the inner, serving also as a subunit to the 
chloride channel CLCNKA. The recently described Bartter type 4b is caused by simultaneous  
homozygous mutations in both CLCNKB and CLCNKA and is also associated with deafness. Both  
type 4 and 4b can manifest in early childhood and can be associated with kidney failure.

Autosomal-dominant gain-of-function mutations in the calcium-sensing receptor gene (CASR) 
can also cause renal salt wasting in a subset of affected individuals. Although parathyroid hormone 
levels are severely suppressed in this syndrome, this condition is classified by some as a variant or 
phenocopy of Bartter (type 5) due to the expression of CASR on the basolateral membrane of TAL  
epithelia. Hypomagnesemia can be seen.

	16.	 What	distinguishes	Bartter	from	Gitelman	syndrome?
Urinary calcium excretion is increased in Bartter syndrome, in contrast with the hypocalciuria found in 
patients with Gitelman syndrome. Hypomagnesemia is a hallmark findings in Gitelman syndrome and 
uncommon in Bartter. Another distinguishing feature is the lack of change in urinary chloride in  
Gitelman patients with thiazide administration.

Interestingly, the Gitelman variant has a relatively high allele frequency of up to 1 in 100 to  
400 individuals. Lower blood pressure and increased bone mineral density may be a survival benefit 
in Gitelman variant carriers. Regardless, both Gitelman and Bartter syndromes have autosomal  
recessive transmission and are therefore uncommon; when suspected in adults, it is important to  
exclude surreptitious vomiting and diuretic use.

	17.	 Which	salt	wasting	nephropathy	resembling	Gitelman	syndrome	is	associated	with	seizure	and	
ataxia?
EAST syndrome (epilepsy, ataxia, sensorineural deafness, and tubulopathy) features renal salt wasting 
and electrolyte imbalance. The mode of inheritance is autosomal recessive and consanguinity has 
been described in some families. The responsible gene, KCNJ10, is expressed in the basolateral 
membranes of the DCT, connecting tubule (CNT) and CD epithelia. The identified electrolyte and  
acid–base abnormalities are similar to those seen in Gitelman syndrome and include hypokalemia,  
hypomagnesemia, and metabolic alkalosis (see Table 72.2). Renin and aldosterone levels are both  
elevated. Patients typically crave salt, suggesting that they compensate for renal salt losses with an 
increased consumption of salt to maintain normal blood pressure values. In vitro studies suggest that 
loss-of-function mutations in KCNJ10 impair the activity of the Na-K-ATPase in the DCT (by decreased 
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potassium “recycling”), located at the basolateral membrane of epithelia. The additional features  
seen in this syndrome are due to the expression of KCNJ10 in neuronal tissues and in cells of the  
inner ear.

 1. Monogenic hypertension results from a mutation in a single gene, typically one that affects electrolyte 
transport in the distal nephron.

 2. Patients with monogenic hypertension present at a young age with severe or refractory hypertension, 
have a strong family history of hypertension, and have typical changes in serum electrolytes.

 3. Excess sodium absorption is characteristic of most genetic mutations that cause hypertension with 
low renin. Whereas metabolic alkalosis and hypokalemia are most common, a phenotypic variant 
with hyperkalemia and hyperchloremic metabolic acidosis can also be observed.

 4. Mutations of sodium transport also lead to renal salt wasting. Patients with Bartter or Gitelman  
syndrome present typically with hypokalemia and metabolic alkalosis. Patients with PHA 1 develop 
salt wasting with hyperkalemia and non-gap metabolic acidosis.

KEY POINTS
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	 1.	 What	are	dysnatremias?
The term dysnatremia applies when an aberration in plasma sodium concentration is present. Changes 
in plasma sodium concentration can result in fluid shifts between the intra- and extracellular compart-
ments of the body. In the healthy state, the body’s osmoregulatory system maintains the plasma sodium 
concentration between 135 and 145 mEq/L. Failure of this system begets an imbalance of free water  
intake and excretion. When free water intake exceeds excretion, the plasma sodium concentration de-
creases below 135 mEq/L, a condition known as hyponatremia. In contrast, hypernatremia, defined as a 
serum sodium concentration .145 mEq/L, occurs when electrolyte-free water excretion exceeds intake. 
Less commonly, pure loss or addition of sodium without a primary disturbance in water balance may 
also lead to hypo- or hypernatremia.

	 2.	 How	is	plasma	osmolality	determined?
Plasma osmolality can be calculated with the following equation:

(2 [Na ] (mEq L) blood urea nitrogen  (m� �� gg dL) / 2.8 glucose (mg dL) 18 

Plasma osm

� �

oolality (mOsm kgH2O)

As the equation implies, serum sodium concentration is by far the main determinant of plasma
osmolality. Plasma osmolality can be directly measured with an osmometer. An osmolar gap exists if
there is greater than a 10 mOsm/kg H2O discrepancy between the calculated and measured osmolal-
ity, indicative of the presence of a solute not routinely measured in plasma.

	 3.	 Can	osmolality	be	normal	despite	an	abnormal	serum	sodium	concentration?
Yes! Serum sodium concentration is usually measured using indirect ion-selective electrodes with
specimen dilution and depends on the assumption that water comprises approximately 93% of
plasma. The presence of high concentrations of plasma lipid or protein, however, will reduce the
aqueous contribution to plasma volume. As a result, the measured serum sodium concentration will
be falsely low. This condition is known as pseudohyponatremia. Ultracentrifugation and separation of
the lipid layer can correct for lab artifact due to hyperlipidemia. Direct ion-selective electrodes are not
confounded by hyperlipidemia or hyperproteinemia, but only about a third of chemical analyzers use
this technique. Blood gas laboratories use ion-selective electrodes and thus are not susceptible to this
artifact.

	 4.	 Is	plasma	osmolality	the	same	as	plasma	tonicity?
No! While plasma hypertonicity implies hyperosmolality, hyperosmolar plasma is not necessarily hy-
pertonic. The effective osmolality, often termed plasma tonicity, denotes the concentration of osmoles
in plasma that do not move freely across the cell membrane. Such osmoles can generate concentra-
tion gradients across cell membranes and in turn drive shifts in water between the extra- and intra-
cellular compartments. While sodium and glucose as effective osmoles contribute to tonicity, urea and
ethanol are ineffective osmoles as they freely cross cell membranes. High concentrations of these
latter molecules confer hyperosmolality without affecting tonicity. In the absence of ethanol or other
unexpected solutes, the effective osmolality is simply the measured osmolality minus blood urea
nitrogen (BUN) (mg/dL)/2.8.

	 5.	 In	what	states	of	tonicity	and	osmolality	can	dysnatremias	occur?
Because sodium is an effective osmole, hypernatremia by definition indicates both a hyperosmolar
and hypertonic state. Hyponatremia, however, can arise in various states of osmolality and tonicity.

	 6.	 In	what	hyponatremic	states	can	a	patient	be	hyperosmolar	or	hypertonic?
The two most clinically relevant occurrences of hyperosmolar hyponatremia are azotemia and hyper-
glycemia. Buildup of nitrogenous waste, that is, urea, in the setting of impaired kidney function
increases plasma osmolality. If present alone, kidney dysfunction does not lead to a change in serum
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sodium concentration. However, if a simultaneous disorder in water balance leading to hyponatremia
is present, hyponatremia with normal or elevated serum osmolality may result. Such patients are truly
hypotonic, because the decreased sodium, an effective osmole, leads to a decrease in tonicity while
urea, an ineffective osmole, does not increase tonicity.

In hyperglycemia, increased serum glucose increases both the total and effective plasma osmo-
lality, leading to a hypertonic state. The hypertonic plasma draws water from the cells into the extra-
cellular compartment, lowering the serum sodium concentration. For every 100 mg/dL increase in
glucose above normal, the serum sodium falls by approximately 1.6 mEq/L even as tonicity rises due
to the hyperglycemia. In cases of more severe hyperglycemia (i.e., serum glucose .400 mg/dL), the
ratio approximates a 2.4 mEq/L drop in serum sodium for every 100 mg/dL rise in serum glucose. A
similar process occurs with administration of mannitol. Any such correction factor is an approxima-
tion, and osmolality should be measured directly when clinically relevant.

	 7.	 What	causes	hypotonic	hyponatremia?
While there are many discrete etiologies of hypotonic hyponatremia, there are three general processes:
 1. Inadequate solute intake
 2. Excess electrolyte-free water intake
 3. Retention of electrolyte-free water

Not infrequently, the latter two are present simultaneously.

	 8.	 What	are	the	clinical	manifestations	of	hyponatremia?
Not all patients with hyponatremia will be symptomatic. While neurons are especially sensitive to
osmotic stress, astrocyte-mediated expulsion of electrolytes into the extracellular fluid (ECF) over
several hours followed by organic osmolytes (e.g., taurine and glutamate) over the ensuing 24 to
48 hours prevents intracellular swelling. Thus, patients who develop a serum sodium concentration
between 125 and 135 mEq/L over greater than 48 hours will often have minimal or no symptoms.
Observational studies, however, have demonstrated an association between even mild hyponatremia
(serum sodium concentration 130 to 134 mEq/L) and increased in-hospital mortality, falls, and re-
duced bone density. Other studies have noted impaired motor function and gait even with modest
reductions in serum sodium concentration. The combination of cognitive impairment, unsteady gait,
increased falls, and osteoporosis constitute a “perfect storm” for development of bone fractures. An
increase in fracture risk has indeed been documented. Rapid decreases in plasma sodium concentra-
tion (from .134 to ,125 mEq/L within 48 hours) are faster than compensatory loss of intracellular
solute, so the relatively hypertonic intracellular compartment osmotically absorbs water. This cellular
swelling particularly affects the brain given the limit to expansion within a tightly encasing cranium.
Thus, the manifestations of hyponatremia are predominantly neurologic and include nausea, vomiting,
malaise, headache, lethargy, confusion, and muscle cramps. In severe cases, seizures, coma, tentorial
herniation, and neurogenic pulmonary edema can occur.

	 9.	 What	is	the	initial	diagnostic	approach	to	hypotonic	hyponatremia?
Once hypotonicity is confirmed with an effective osmolality ,275 mOsm/kg H2O, the urine osmolality
is instrumental is assessing whether or not the kidneys are reabsorbing electrolyte-free water. In the
absence of chronic kidney disease, a urine osmolality ,100 mOsm/kg indicates an intact diluting
mechanism and a state of maximal electrolyte-free water excretion. Conversely, a urine osmolality
.100 mOsm/kg suggests that electrolyte-free water reabsorption is occurring, which would be inap-
propriate from the point of view of tonicity alone. Patients with chronic kidney disease may have an
impairment in maximal ability to dilute the urine. In such cases a urine osmolality of ,200 mOsm/kg
reflects maximal free-water excretion. The diagnostic approach to hyponatremia is further outlined the
Fig. 73.1.

	10.	 How	is	hypotonic	hyponatremia	with	dilute	urine	further	assessed?
If the urine is maximally dilute, the pituitary-kidney axis is doing what it is supposed to be doing, and
hypotonic hyponatremia is arising from electrolyte-free water ingestion in excess of what the kidneys
can excrete. In the typical Western diet, approximately 800 mOsm of solute derived from ingested
electrolytes and protein is consumed or generated and excreted in the urine on a daily basis. Assum-
ing a maximal urine diluting capacity of 50 mOsm/kg H2O, such a solute load is sufficient to permit
excretion of up to 16 L of urine (800 mOsm solute/50 mOsm/kg 5 16 L). If electrolyte-free water
intake exceeds this limit, the kidneys’ electrolyte-free water excretory capacity is overwhelmed, and
hypotonic hyponatremia ensues. This condition, known as primary polydipsia, typically occurs among
psychiatric patients. Inadequate solute intake impairs free water clearance. If solute intake decreases
to 200 mOsm/day and intake of protein that would lead to urea production is reduced—as occurs
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with a “tea and toast diet” or beer potomania—the volume of maximally dilute urine the kidneys can 
excrete may be as little as 4 L. Water ingestion above this amount can more easily be achieved and 
will also result in hyponatremia.

	11.	 What	causes	hyponatremia	with	concentrated	(less	than	maximally	dilute)	urine?
Electrolyte-free water reabsorption. Water reabsorption is mediated by binding of vasopressin, or  
antidiuretic hormone (ADH—same stuff, 2 names), to vasopressin 2 (V2) receptors on the basolateral 
membranes of principal cells in the collecting ducts of nephrons. Vasopressin binding in turn stimu-
lates insertion of aquaporin water channels into the luminal membrane. Water then flows through 
these aquaporin channels into cells and onward to the hypertonic medullary interstitium via constitu-
tively active basolateral aquaporin channels. ADH release is regulated by osmoreceptors in the hypo-
thalamus. Normally, vasopressin release is inhibited when the serum sodium concentration falls below 
135 mEq/L. However, poor effective circulating volume—as sensed by carotid baroreceptors as a  
decrease in arterial pressure—serves as a potent stimulus for ADH secretion despite osmoregulatory 
inhibition. Hyponatremia in the setting of hypovolemia arises from hemodynamically driven ADH release 
and should improve with volume repletion. ADH secretion in the setting of arterial underfilling, due  
either to a low output state in the case of heart failure or to splanchnic vasodilation in cirrhosis, oc-
curs by the same hemodynamic mechanism. These patients, conversely, will appear hypervolemic on 
exam. They are hyponatremic and hypotonic despite a clear excess in total body sodium content.

	12.	 How	is	hypervolemic	hyponatremia	managed?
Unlike hypovolemic hyponatremia, the mainstay of therapy for hypervolemic hyponatremia arising 
from either heart failure or cirrhosis is water restriction. Loop diuretics can also be effective in  
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Figure 73.1. Algorithm for evaluation of patients with hyponatremia. NSIAD, Nephrogenic syndrome of inappropriate anti-
diuresis, a rare-heritable disorder characterized by constitutive activation of the collecting duct vasopressin receptor with 
normal pituitary function and suppressed vasopressin release. SIADH, syndrome of inappropriate anti-diuretic hormone 
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hyponatremia associated with heart failure. By inhibiting sodium reabsorption in the ascending limb of 
the Loop of Henle, loop diuretics decrease the tonicity of the medulla and thereby diminish the driving 
force for ADH-mediated water reabsorption in the collecting duct. (By acting in the distal tubule of the 
cortex, thiazide diuretics block sodium reabsorption only at a site where sodium is reabsorbed without 
water. Moreover, generation of a hypertonic medullary interstitium is unaffected, leaving conditions 
persistently favorable for electrolyte-free water reabsorption. Thus, thiazide diuretics tend to induce 
hyponatremia.) When water restriction and loop diuretics fail, a vasopressin receptor antagonist 
(vaptan) may be useful. Conivaptan (a non-selective V1/V2 antagonist) and tolvaptan (a pure V2  
antagonist) can be used to promote aquaresis in volume-overloaded heart failure patients with  
mild-to-moderate symptomatic hyponatremia. Conivaptan should be used with caution in patients 
with cirrhosis due to a theoretically increased risk for hypotension or variceal bleeding via antagonism 
of the V1 pressor receptor. Tolvaptan is relatively contraindicated in patients with cirrhosis as well due 
to the possibility of hepatotoxicity. More common side effects associated with these medications  
include thirst and dry mouth.

	13.	 What	etiologies	give	rise	to	euvolemic	hyponatremia	with	less	than	maximally	dilute	urine?
Most commonly, euvolemic hyponatremia with less than maximally dilute urine arises from the syn-
drome of inappropriate antidiuretic hormone secretion (SIADH, discussed below). Other potential 
causes include exercise-associated hyponatremia (EAH), methylenedioxy-N-methamphetamine 
(MDMA or ecstasy) ingestion, hypothyroidism, and glucocorticoid insufficiency. EAH is classically ob-
served among marathon runners, who become overhydrated in the face of excessive water ingestion 
coupled with impaired water excretion from non-osmotically driven ADH release. By stimulating both 
ADH secretion and polydipsia via activation of serotonergic pathways, MDMA ingestion can lead to 
acute, severe hyponatremia and death if not promptly addressed. Although the mechanism is not de-
finitively clear, the negative systemic effects of profound thyroid hormone deficiency on cardiac output 
and peripheral vascular resistance appear to trigger nonosmotic ADH secretion and hyponatremia. 
Since cortisol suppresses ADH release, isolated glucocorticoid deficiency can result in hyponatremia 
from uninhibited vasopressin secretion. This entity is distinct from Addison disease or other causes of 
adrenal gland destruction where mineralocorticoid deficiency and consequent volume depletion are 
present along with glucocorticoid lack.

	14.	 What	is	the	SIADH?
SIADH refers to ADH secretion that persists in the absence of an osmotic or hemodynamic stimulus. 
Other potential etiologies of hyponatremia including adrenal or glucocorticoid insufficiency, heart failure, 
liver failure, hypothyroidism, advanced kidney disease, or diuretics (usually thiazide) should be ruled out. 
Although CHF and cirrhosis patients can have persistent ADH secretion despite hypotonicity, such pa-
tients as well as individuals with advanced kidney failure (due to intrinsic defects in urinary dilution) are 
excluded by convention from the diagnosis of SIADH. Patients with SIADH classically present with hypo-
tonic, euvolemic hyponatremia and UOsm .100 mOsm/kg H2O. The urine osmolality need not be higher 
than plasma osmolality; it only need be greater than maximally dilute. The modest intravascular volume 
expansion that results from ADH-induced water retention results in decreased renin angiotensin aldoste-
rone system (RAAS) activity and sodium reabsorption. Assuming a normal dietary sodium intake, the 
urine sodium concentration is consequently .30 mmol/L. Likewise, an associated serum uric acid level 
of less than 4 mg/dL reflects increased urinary urate excretion. BUN and creatinine tend to be low normal 
or normal; a high normal or elevated BUN should make clinicians consider volume depletion or dimin-
ished effective arterial volume as the cause of hyponatremia. Directly measuring vasopressin levels is  
in general of very limited utility, as urine osmolality is an adequate surrogate measure of ADH activity. 
Furthermore, ADH levels will be elevated in patients with hypervolemic or hypovolemic hyponatremia,  
so levels do not help distinguish among these disorders. SIADH can arise in a variety of malignancies, 
pulmonary disorders, and central nervous system (CNS) disease. Many medications, most notably  
selective serotonin reuptake inhibitors, narcotics, and antipsychotics, can also cause SIADH.

	15.	 How	is	SIADH	managed?
SIADH should resolve if the underlying cause is eliminated—something often easier said than done. 
Discontinuation of culprit medications, antimicrobial therapy for pulmonary or CNS infections, and 
treatment of an underlying malignancy will be helpful. Treatment is otherwise dictated by chronicity 
and severity of symptoms of the hyponatremia. Asymptomatic or minimally symptomatic patients with 
chronic SIADH should be water restricted initially. The degree of fluid restriction can be estimated by 
calculating the ratio of the sum of urinary potassium and sodium concentrations to plasma sodium 
concentration. A ratio less than 1 allows for more liberal water restriction (i.e., 1 L/day); a ratio greater 
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than 1 requires stricter (and often impractical) measures (,500 mL/day). Unsurprisingly, the effec-
tiveness of water restriction is limited by patient compliance. Alternatively, increased protein and salt 
consumption may be helpful. Oral urea supplementation (30 g/day), by increasing solute intake and 
hence urine volume, is effective but has been poorly tolerated historically, though newer formulations 
have proven to be more palatable. When these interventions fail, the vaptans can be used for eu-
volemic, mild-to-moderate hyponatremia with mild attributable symptoms. The vaptans do not reliably 
increase the serum sodium in a rapid fashion. Meta-analyses of randomized controlled trials have 
demonstrated a mean rise in the plasma sodium concentration of approximately 5 mEq/L occurring 
over several days in the case of tolvaptan. Thus, these medications should not be given for hyponatre-
mia with severe neurologic symptoms, which would otherwise merit more rapid correction. In such 
cases, hypertonic saline should be administered.

	16.	 When	and	how	fast	should	hypertonic	saline	be	given?
If the ratio of the sum of urine potassium and sodium to plasma sodium is greater than 1 in a patient 
with SIADH, infusion of normal saline will likely lead to worsening hyponatremia as the NaCl is ex-
creted in a smaller, more concentrated volume of urine and the remaining electrolyte-free water is 
then retained. Administration of hypertonic (3%) saline, however, can quickly raise the serum sodium 
concentration irrespective of etiology of hyponatremia. Rapid correction is warranted in severely 
symptomatic patients, particularly if the hyponatremia developed over less than 48 hours, since these 
patients are at highest risk for seizures and tentorial herniation. Even very small increases in serum 
sodium concentration can reduce the amount of cerebral edema present and markedly lower the risk 
of these life-threatening events. Elevation of the serum sodium concentration by 4 to 6 mEq/L acutely 
is sufficient to prevent these complications. This can be accomplished with up to three 100 mL  
boluses of hypertonic saline given over 10 minutes at a time. If emergent correction is not required, 
hypertonic saline can be administered by continuous infusion without initial boluses. A number of  
formulas have been proposed to model the rate of serum sodium concentration rise. However, they 
ignore factors such as ongoing water and electrolyte excretion that may influence the rate of rise of  
serum sodium concentration. Consequently, we favor use of a simple prediction formula: infusion of  
1 mL/kg per hour of hypertonic saline with the expectation that it will raise the serum sodium con-
centration by approximately 1 mEq/L per hour. How much the serum sodium concentration should be 
increased depends on the rate of development of hyponatremia. With chronic hyponatremia, strict lim-
its for overall rate of correction should be observed to avoid complications from overly rapid correc-
tion itself (see below). Any formula is only a crude estimation, so it is essential to measure serum  
sodium concentration frequently during the initial stages of treatment to assure that the rate of rise 
matches the goal.

	17.	 What	complications	of	treatment	can	occur?
As discussed in Question 8, neurons, in response to hypotonic hyponatremia, expel electrolytes and 
organic osmolytes to reduce intracellular tonicity and limit brain swelling. When the serum sodium 
concentration rises too fast for the cells to reverse the prior compensation by regaining or regenerat-
ing osmolytes, water flows down its osmotic gradient and out of the cells into the newly relatively hy-
pertonic interstitium causing cell shrinkage and, potentially, demyelination of neurons. This condition, 
termed osmotic demyelination syndrome (ODS), is characterized by an array of often irreversible neu-
rologic manifestations including dysarthria, dysphagia, movement disorders (particularly spasticity), 
quadriparesis, behavioral abnormalities, seizures, delirium, and coma. In more severe cases, patients 
can become “locked in”—that is, conscious but unable to move, speak, or swallow. This complication 
occurs several days after the rapid correction, and the findings may be permanent. The classic pre-
sentation is a patient who initially becomes more alert as serum sodium concentration is corrected, 
then deteriorates a few days later.

	18.	 Who	is	at	risk	for	ODS?
Patients with acute hyponatremia developing over less than 24 to 48 hours are at low risk for ODS, 
and there is accordingly no potential for harm in rapid correction of hyponatremia in this group. ODS 
is also unlikely to arise as a complication of treatment in patients presenting with a serum sodium 
.125 mEq/L. Conversely, an initial serum sodium ,105 mEq/L, hypokalemia, alcoholism, malnutri-
tion, and advanced liver disease are risk factors for ODS in patients with chronic hyponatremia. Strat-
egies for sodium correction aimed at preventing ODS are outlined in the Table 73.1. Notably, hypona-
tremia should be assumed to be chronic and managed as such unless its onset is clearly known to be 
,48 hours.
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Table 73.1. Goals and Limits for Treatment of Hyponatremia Stratified by Duration and Risk of Osmotic Demyelination Syndrome

PRESENTATION
RISK FOR 
ODS

GOAL  
INCREASE IN 
[NA1]

LIMIT TO  
INCREASE IN 
[NA1] TREATMENT STRATEGY

Acute Hypotonic Hyponatremia (duration verified to be ,48 h)
Severe symptoms Negligible Rapid increase by 

4–6 mEq/L, then 
gradual increase to 
normalization

None Rapidly increase serum Na by 4–6 mEq/L with up to three 100 mL boluses of hypertonic 
saline given over 10 min at a time, followed by hypertonic saline at 1 mL/kg/h until 
substantial normalization

Mild or moderate 
symptoms

Negligible Normalization None Fluid restriction alone if etiology rapidly reversible. Otherwise, hypertonic saline at  
1 mL/kg/h until substantial normalization

Chronic Hypotonic Hyponatremia (duration known to be .48 h or duration uncertain)
Severe, moderate, 
or mild symptoms

Higha 4–6 mEq/L in 24 h 8 mEq/L in any 
24 h period

Treatment according to etiology (e.g., volume repletion for hypovolemic hyponatremia, 
water restriction with SIADH or hypervolemic hyponatremia) and severity of symptoms. 
Can consider hypertonic saline for severely symptomatic euvolemic hyponatremia with 
risk of seizures or herniation or a vaptan for mild-to-moderate, refractory euvolemic or 
hypervolemic hypernatremia.
Closely monitor [Na1] every 2–4 h and urine output. Re-lower [Na1] with IV 5% dex-
trose or enteral water 6 desmopressin 1–2 mcg Q6 h if overly rapid correction

Severe, moderate, 
or mild symptoms

Intermediate 4–8 mEq/L in 24 h 10–12 mEq/L in 
any 24 h and no 
more than  
18 mEq/L in any  
48 h period

Same strategy as high-risk ODS patients, except with less strict [Na1] correction goals 
and limits

Moderate or mild 
symptoms

Low
(initial [Na1] 
. 125 mEq/L)

Normalization Normalization Treatment according to etiology.
Can consider vaptan for mild-to-moderate, refractory euvolemic or hypervolemic hyper-
natremia

a[Na1] #105 mEq/L, hypokalemia, alcoholism, malnutrition, advanced liver disease.
In patients with significant risk of ODS, especially those with starting [Na1] ,120 mEq/L, who experience a rise in [Na1] exceeding recommended limit, consider re-lowering [Na1] to a 

value below target by administration of electrolyte-free water. Urine output and/or osmolality should also be followed to detect onset of a spontaneous water diuresis (volume depletion, 
thiazide-associated) that can lead to overly rapid correction. Desmopressin may be useful in this setting to limit ongoing urinary water loss.

IV, Intravenous; [Na1], serum sodium concentration; ODS, osmotic demyelination syndrome; SIADH, syndrome of inappropriate antidiuretic hormone secretion.
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	19.	 How	should	correction	be	monitored?
The serum sodium should be monitored every 2 to 4 hours during hypertonic saline infusion. Urine vol-
ume should also be closely watched during this period. Patients with hypovolemic or thiazide-induced 
hyponatremia may experience a spontaneous water diuresis once volume depletion has been corrected, 
sometimes after only a modest amount of normal saline given for volume repletion. The occurrence of 
such a water diuresis will put the patient at risk for ODS. In some patients, spontaneous correction is 
so rapid that the major therapeutic consideration is how to limit the rise in serum sodium concentration. 
Although initiation of hypertonic saline infusion in patients with severe symptoms should not be delayed 
until intensive care unit (ICU) transfer, monitoring urine output on an hourly basis and serum sodium 
concentration every 2 hours is most readily accomplished in the ICU.

	20.	 What	should	be	done	if	correction	is	too	rapid?
As the onset of symptoms of osmotic demyelination occurs days after over-rapid correction, preemptive 
administration of electrolyte-free water with or without desmopressin (synthetic vasopressin) to block 
further urinary electrolyte-free water loss is warranted to re-lower the serum sodium to the target  
increase level even in the absence of ODS symptoms.

	21.	 What	are	the	clinical	manifestations	of	hypernatremia?
In an otherwise healthy individual, hypernatremia manifests as thirst, which prompts increased  
electrolyte-free water intake and serum sodium concentration normalization. Thirst can dissipate, 
however, as hypernatremia worsens. Thirst aside, patients otherwise are typically asymptomatic until 
the serum sodium rises to near 160 mEq/L. In more severe cases, hypernatremia-induced brain 
shrinkage can lead to vascular tension and rupture with intracranial hemorrhage. Infants and children 
are at particular risk for this devastating complication. While lethargy, coma, and muscle weakness 
are associated with hypernatremia, such symptoms are often manifestations of other comorbidities  
as opposed to the hypernatremia itself. Note that while clinicians oftentimes refer to hypovolemic  
patients as being “dehydrated,” when used rigorously, the term “dehydration” is reserved for hyperna-
tremic patients, who demonstrate a true deficit of electrolyte-free water relative to sodium.

	22.	 What	causes	hypernatremia?
Rapid administration of hypertonic fluid—as often occurs with administration of ampules of sodium 
bicarbonate during cardiopulmonary resuscitation—and baby formula mixing errors can result in 
hypernatremia from pure solute gain. The overwhelming majority of cases, however, arise because 
thirst perception or access to water is impaired. Outside of the hospital, hypernatremia occurs most 
commonly among the institutionalized elderly and infants, who at baseline depend on others for  
access to water. Increased insensible water losses in the setting of febrile illness can incite hyper-
natremia among the elderly. In other instances, urine-concentrating defects resulting from loop  
diuretics or diabetes insipidus (DI) (see below) contribute to hypernatremia. Among hospitalized pa-
tients, iatrogenic hypernatremia is common and found among all age groups, particularly intubated 
patients and patients with increased enteral fluid losses from either diarrhea or nasogastric drain-
age whose fluid prescription contains an insufficient amount of hypotonic fluid. Loop diuretics, by 
reducing the tonicity of the medulla, diminish ADH-mediated water reabsorption and predispose to 
hypernatremia.

	23.	 What	is	DI?
DI is a disorder characterized by a deficiency in vasopressin-mediated electrolyte-free water reab-
sorption. DI can denote a defect either in pituitary vasopressin secretion (neurogenic or central DI) 
or vasopressin action (nephrogenic DI). It manifests as polyuria—defined as more than 3 L of daily 
urine output. The urine is dilute due to excessive urinary electrolyte-free water loss. In most pa-
tients, an intact thirst perception and ready access to electrolyte-free water prevent a rise in the 
serum sodium concentration. However, hypernatremia will ensue if free water access is limited. 
Note that polyuria with polydipsia are also characteristic of primary polydipsia, but the polyuria is 
secondary, not primary; serum sodium concentration is normal or low, and water restriction does 
not lead to hypernatremia.

Neurogenic DI can result from a number of etiologies including trauma, granulomatous disease, 
tumors, infection, or aneurysm affecting the hypothalamus or pituitary. Nephrogenic DI can be either 
congenital or acquired, the latter being associated with intrinsic kidney disease, hypercalcemia, hypo-
kalemia, and drugs including lithium and demeclocycline. Unlike nephrogenic DI, patients with the 
neurogenic form will exhibit a robust response to administration of a vasopressin agonist by produc-
ing concentrated urine.
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	24.	 How	is	hypernatremia	managed?
Treatment of hypernatremia first requires addressing the underlying cause. This includes discontinua-
tion of culprit medications (e.g., laxatives, lithium, demeclocycline, and loop diuretics), correction of 
hypokalemia and hypercalcemia, and treatment of fever. In addition, the patient should be repleted 
with electrolyte-free water either enterally or intravenously with hypotonic fluids. While central DI can 
be managed with desmopressin (a vasopressin analogue), management of nephrogenic DI is more 
difficult and begins with removal of offending agents. By inducing volume contraction, thiazide diuret-
ics can be helpful in stimulating more proximal reabsorption of sodium and water and, in turn,  
decreased water delivery to the pathologically ADH-insensitive collecting duct.

	25.	 Are	there	complications	of	treatment?
To prevent hypernatremia-induced brain shrinkage, neurons accumulate electrolytes in a matter of 
hours followed by organic osmolytes over several days to increase intracellular tonicity. Due to this 
adaptation, rapid correction of chronic hypernatremia can, in theory, result in cerebral edema. This 
phenomenon has been characterized in children but is not usually observed in adults.

	26.	 How	rapidly	should	electrolyte-free	water	be	administered	for	hypernatremia?
Most cases of hypernatremia develop slowly over several days. Recommendations for treatment of 
chronic hypernatremia are not as well established as for chronic hyponatremia. Some authorities rec-
ommend that for hypernatremia developing over an interval longer than 48 hours, the rate of serum 
sodium concentration reduction should be limited to 10 mEq/L per day to minimize the theoretical risk 
for cerebral edema. A common strategy entails replenishing half of a patient’s electrolyte-free water 
deficit in the first 24 hours and the remaining half in the following 24 to 48 hours. If hypernatremia 
developed in less than 48 hours, it can be corrected faster. A patient’s free water deficit can be  
estimated with the following equation:

Electrolyte-free water deficit  Totalbody� water [1 (Desired serumNa Current� � � sserumNa)]

Total body water can be estimated by multiplying the patient’s weight in kilograms by 0.5 in the 
case of women or 0.6 in men. These fractions are further reduced in the obese and elderly. Using this 
equation, the electrolyte-free water deficit in an intubated 60 kg woman with a serum sodium of  
167 mEq/L is approximately 4.8 L of water (60 3 0.5 3 [1 – 140/167] 5 4.8 L). Half of this deficit 
can be replaced in the first 24 hours by administering 300 mL of water via orogastric tube every 3 hours, 
followed by 150 mL of water every 3 hours in the subsequent 48 hours. Of note, if her electrolyte-free 
water deficit is corrected with intravenous 0.45% saline, she would require double this volume, as 
this fluid is only half electrolyte-free water by volume. This formula is only an approximation, so care-
ful monitoring of the serum sodium concentration during the correction period is required. Finally, the 
formula does not take into account electrolyte-free water losses that are still ongoing. The fluid pre-
scription should be augmented to match any such losses. Returning to our example above, if we  
assume our patient produces 1600 mL of urine daily, half of which is electrolyte-free water, 400 mL 
of water via orogastric tube every 3 hours in the first 24 hours (3200 mL) would match the ongoing 
urinary loss of electrolyte-free water (800 mL) and replenish half (2400 mL) of her free water deficit. 
In the ensuing 48 hours, 250 mL of water every 3 hours should be given to correct for ongoing uri-
nary water excretion and address the remainder of her free water deficit. If the patient has 3 L/day 
urine output, an additional 700 mL of water administration would be required each day if the assump-
tion that electrolyte-free water output is half of urine output remains valid. Particularly at high urine 
output rates and in patients with DI, the urine sodium and potassium should be measured to allow a 
more precise estimate of urinary electrolyte-free water loss. Since diarrheal fluid is hypotonic, addi-
tional electrolyte-free water will also be needed in patients with copious ongoing diarrhea, as with 
Clostridium difficile colitis.

 1. When hypernatremia is present, a hypertonic state must be present as well; hyponatremia can  
occur in various states of tonicity.

 2. Hypotonic hyponatremia arises from inadequate solute intake, excess intake of electrolyte-free  
water, or reduced excretion of electrolyte-free water. Urine osmolality can distinguish the latter 
mechanism from the first two.

KEY POINTS
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 3. The classic presentation for syndrome of inappropriate anti-diuretic hormone secretion is eu-
volemic, hypotonic hyponatremia with UOsm . 100 mOsm/kg H2O and urine sodium concentration 
.30 mmol/L in the absence of adrenal or glucocorticoid insufficiency, heart failure, liver failure, 
hypothyroidism, advanced kidney disease, or diuretics.

 4. Hypotonic hyponatremia that developed acutely can be rapidly corrected without risk. Since over-rapid 
correction of chronic hyponatremia may result in the osmotic demyelination syndrome, correction 
should be targeted to defined limits. If it occurs, over-rapid correction may require reversal by  
administration of hypotonic fluids with or without a vasopressin agonist.

 5. The vast majority of cases of hypernatremia occur when thirst perception or access to water are 
impaired. If the urine is not maximally or near maximally concentrated, the presence of an osmotic 
diuresis or central or nephrogenic diabetes insipidus should be suspected.
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	 1.	 Describe	normal	potassium	balance.
Approximately 98% of total body potassium resides inside cells, making it the most abundant cation 
in the intracellular fluid (ICF). The total body stores approximately 3000 mEq or more (approximately 
50 to 70 mEq/kg body weight) of K1, with the skeletal muscle cells providing the biggest storage site 
for intracellular K1. ICF concentration of potassium is approximately 140 mEq/L compared to only 4 to 
5 mEq/L in the extracellular fluid (ECF).

	 2.	 Why	is	potassium	balance	important?
Since most of the total body potassium is intracellular, a large gradient exists between the ICF and 
ECF. This potassium gradient across the cell membrane is partially responsible for maintaining the  
potential difference across the cell membrane. This potential difference is critical for the function of 
cells, particularly excitable tissues like nerves and muscles.

	 3.	 What	is	the	primary	cellular	mechanism	that	maintains	potassium	balance?
Most cells contain Na1-K1-ATPase pump on the cellular membrane which pumps 2 molecules of K1 
in and 3 molecules of Na1 out of the cell. This pump is regulated by catecholamines, insulin, and the 
potassium level itself. The ability to rapidly shift potassium from the extracellular to the intracellular 
compartment is vital to prevent severe increases in the serum potassium from routine dietary  
ingestion.

	 4.	 What	are	the	mechanisms	for	maintaining	the	internal	potassium	balance?
A typical Western diet ingests approximately 70 to 80 mEq of K1 per day. Almost all the ingested 
potassium is absorbed by the intestine. Adjustments in the kidney potassium excretion to match  
potassium intake is the principal mechanism for maintaining potassium balance. Because the 
changes in the kidney excretion of potassium occur over several hours, the initial buffering of an  
increase in ECF potassium occurs by movement of potassium into skeletal muscle. With intact kidney 
function, only about 10% of dietary potassium is excreted in the feces.

	 5.	 Why	don’t	serum	potassium	levels	go	up	when	we	eat	a	dietary	potassium	load	(such	as		
hamburger	or	soda)?
The ingestion of food causes release of insulin, which binds to its receptor on the cell membrane  
leading to the insertion of GLUT4 into the cell membrane (a glucose transporter). Similarly, insulin 
causes the membrane insertion and stimulation of Na1-K1-ATPase pump, leading to movement of 
potassium into the cell, preventing a rise in the serum potassium.

	 6.	 What	are	the	“feedback	control”	and	“feed-forward”	effects	in	potassium	balance?
Elevation of plasma potassium causes the activation of mechanisms (insulin and aldosterone effects) 
that lower plasma potassium. This is an example of a negative feedback system where potassium  
excretion increases in response to increases in the plasma potassium level.

On the other hand, a feed-forward system responds to potassium intake in a manner that is  
independent of changes in the systemic plasma potassium level. In sheep, intake of potassium-rich 
foods triggers a significant increase in urinary potassium excretion without an increase in the serum 
potassium. The signal between the gastrointestinal (GI) tract and the kidney potassium handling that 
is responsible for this feed-forward control is unknown.

	 7.	 How	do	catecholamines	affect	internal	potassium	balance?
b2 adrenergic stimulation by catecholamines leads to increased Na1-K1-ATPase pump activity 
through a cyclic adenosine monophosphate (AMP) and protein kinase A dependent pathway primarily 
in the skeletal muscle leading to increased cellular uptake. This physiological effect is the basis for 
using b2 agonists like albuterol in the treatment of hyperkalemia.
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	 8.	 What	role	do	skeletal	muscle	cells	play	in	internal	balance	of	potassium	during	exercise?
In addition to taking part in cellular uptake of potassium under the influence of insulin, skeletal  
muscle cells also participate in the changes of ECF potassium that occur with exercise. Exercise  
increases ECF potassium, which limits muscle excitability and contractility leading to fatigue.  
Increased ECF potassium also causes vasodilation, increasing blood flow to exercising muscle.  
Exercise causes b2 adrenergic mediated stimulation of Na1-K1-ATPase pump that shifts potassium 
back into the cells.

	 9.	 What	factors	can	cause	hypokalemia	by	shifting	potassium	into	cells?
Hypokalemia due to intracellular shift of K1 primarily occurs due to insulin, b2 adrenergic stimulation, 
a-adrenergic antagonists, and metabolic alkalosis.

	10.	 What	factors	can	cause	hyperkalemia	by	shifting	potassium	out	of	cells?
Hyperkalemia due to shift of potassium from the cells can occur in metabolic acidosis, exercise,  
insulin deficiency, b-adrenergic blockade, and a-adrenergic stimulation, as well as conditions like 
hyperglycemia that increase serum osmolality. Hyperglycemia, which pulls water from the cells, can 
lead to a solvent drag that also shifts potassium from cells.

	11.	 Describe	kidney	potassium	handling?
Two-thirds of the potassium that is filtered by the glomerulus is passively reabsorbed with sodium 
and water in the proximal tubule. After further reabsorption in the ascending limb of loop of Henle  
via the Na1-K1-2Cl2 cotransporter, only about 10% of the filtered load reaches the distal nephron. 
The ability to secrete potassium begins in the early distal convoluted tubule and progressively  
increases along the distal nephron into the cortical collecting duct. The rate of potassium secretion by 
the distal nephron depends on the physiological need. The principal cells in the initial collecting duct 
and the cortical collecting duct are responsible for potassium secretion through the renal outer  
medullary potassium (ROMK) and large conductance potassium (BK) channels. In states of potassium 
depletion, reabsorption of potassium occurs in the collecting duct via the apical H1-K1 ATPase on 
a-intercalated cells.

	12.	 What	factors	determine	kidney	potassium	excretion?
The two principal factors that determine the potassium secretion in the distal nephron are  
mineralocorticoid activity (aldosterone) and distal delivery of sodium and water (urine flow).

	13.	 How	does	distal	delivery	of	sodium	and	volume	increase	potassium	excretion?
Increased distal delivery of sodium allows reabsorption via the epithelial sodium channel (ENaC) in  
the late distal convoluted tubule, the connecting tubule, and the cortical collecting duct. Reabsorption 
of sodium generates a negative charge in the lumen, which enhances potassium secretion through  
the ROMK channels. With higher urine flow, the secreted potassium is diluted and washed away, 
maintaining a diffusion gradient leading to continued potassium secretion. While ROMK channels are 
activated under physiological conditions, the BK channels are activated by increased urine flow.

	14.	 How	does	aldosterone	effect	kidney	potassium	excretion?
Aldosterone stimulates sodium reabsorption in the distal nephron through activation of the ENaC and 
also increases the intracellular potassium concentration by stimulating the Na1-K1-ATPase in the 
basolateral membrane of these cells. Sodium reabsorption via ENaC increases electronegativity in the 
lumen, leading to an electrical gradient favoring potassium secretion.

	15.	 What	conditions	stimulate	release	of	aldosterone	in	a	normal	person?
Aldosterone is produced by the Zona Glomerulosa of the adrenal gland in response to hyperkalemia 
and angiotensin II released due to the activation of the renin-angiotensin-aldosterone system in  
response to hypotension or hypovolemia.

	16.	 What	is	the	aldosterone	paradox?
The ability of aldosterone to cause kidney retention of sodium without potassium secretion in states of 
volume depletion and stimulate kidney potassium secretion without sodium retention in hyperkalemia 
is called the aldosterone paradox.

During hypovolemia, angiotensin II and aldosterone have a synergistic effect on the sodium  
chloride cotransporter (NCC) and the ENaCs in the distal nephron, resulting in maximal sodium  
reabsorption. The resulting decreased distal delivery of sodium, as well as urine flow, reduces the  
secretion of potassium. In addition, angiotensin II has an inhibitory effect on ROMK, thereby reducing 
potassium secretion.
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Hyperkalemia causes a renin and angiotensin II–independent increase in aldosterone secretion. 
In the absence of increased angiotensin II levels, NCC inhibition leads to increased sodium delivery to 
the ENaC. This leads to electrochemical absorption of sodium through ENaC coupled with secretion of 
potassium through the uninhibited ROMK channels.

	17.	 How	does	chronic	kidney	disease	affect	kidney	and	colonic	potassium	excretion?
The loss of nephron mass in patients with progressive chronic kidney disease (CKD) is counterbalanced 
by an adaptive increase in potassium secretion by the functioning nephrons. This adaptation results in 
preserved potassium homeostasis until the glomerular filtration rate falls below 15 to 20 mL/min 
when hyperkalemia may ensue due to the inability to excrete daily dietary potassium load. In addition 
to kidney clearance, colonic potassium secretion is upregulated in advanced CKD as BK channels in 
the colonic mucosa increase several fold under the influence of aldosterone.

	18.	 What	are	some	common	causes	of	hypokalemia?
Hypokalemia can occur from one of four mechanisms:

 1. Pseudo-hypokalemia: Artifactual decrease in potassium level after phlebotomy, most commonly 
due acute leukemia where white blood cells take up the potassium from blood sample.

 2. Redistribution: Shifts from ECF to ICF due to insulin, aldosterone and b2 adrenergic agonists, 
hypokalemic period paralysis.

 3. Increased GI losses: chronic diarrhea, vomiting, nasogastric suction, laxative abuse.
 4. Kidney potassium loss: Drugs (diuretics and others), primary and secondary hyperaldosteronism, 

hypomagnesemia, Bartter, Gitelman, and Liddle syndrome, bicarbonaturia from metabolic alkalosis, 
and renal tubular acidosis. Reduced effective arterial blood volume due to GI fluid losses or diuretics 
stimulates aldosterone secretion increasing potassium secretion.

	19.	 How	do	loop	or	thiazide	diuretics	cause	kidney	potassium	loss?
Diuretics increase distal delivery of sodium and water:
• Loop diuretics inhibit Na1-K1-2Cl2 cotransporters in the thick ascending limb of loop of Henle
• Thiazide and thiazide-like diuretics inhibit Na1-Cl2 cotransporter in the distal convoluted tubule

This leads to increased potassium secretion in the principal cells of the distal nephron. In  
addition, the volume depletion caused by diuretics stimulates increased aldosterone production  
resulting in increased potassium secretion.

	20.	 What	urine	studies	can	help	in	the	evaluation	of	hypokalemia?
A spot urine potassium-to-creatinine ratio of more than 13 mEq/g of creatinine in the presence  
of hypokalemia suggests kidney potassium wasting. Similarly, a 24-hour urine potassium excretion  
of more than 25 to 30 mEq/day in the setting of hypokalemia may suggest kidney potassium  
wasting.

	21.	 What	are	some	of	the	signs	and	symptoms	of	hypokalemia?
Hypokalemia may be asymptomatic until the potassium level is below 3.0 mEq/L. Patients may  
present with muscle weakness, cramps, rhabdomyolysis, and myoglobinuria. Neuromuscular weakness 
can also manifest as gastric dilatation, adynamic ileus, and respiratory muscle weakness leading to 
respiratory failure. Hypokalemia may present as cardiac arrhythmias including premature atrial and 
ventricular beats, sinus bradycardia, atrial and junctional tachycardia, atrioventricular block, ventricular 
tachycardia, and fibrillation. Hypokalemia can increase blood pressure by 5 to 10 mm Hg. Chronic  
hypokalemia can result in kidney tubulointerstitial fibrosis, kidney cyst formation, metabolic alkalosis, 
CKD, and impaired kidney concentrating ability causing polyuria.

	22.	 What	are	the	cardiac	effects	and	electrocardiogram	(EKG)	changes	that	may	occur	due	to		
hypokalemia?
Cardiac arrhythmias due to hypokalemia include premature atrial and ventricular beats, sinus  
bradycardia, paroxysmal atrial or junctional tachycardia, arteriovenous (AV) block, and ventricular 
tachycardia, or fibrillation. Hypokalemia-induced EKG changes include: prolonged QT interval,  
depression of the ST segment, decreased amplitude of the T wave, and increased amplitude of  
U waves that occur at the end of the T wave. EKG changes may not correlate well with the degree  
of hypokalemia, so consideration of continuous telemetry monitoring is warranted in patients with 
prolonged QT interval, arrhythmias due to hypokalemia, presence of conditions that predispose to  
arrhythmias (acute myocardial infarction, digitalis toxicity), intravenous (IV) replacement at a rate 
greater than 10 mEq/h, and patients at risk for rebound hyperkalemia (patients with thyrotoxic  
periodic paralysis).
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	23.	 When	should	hypokalemia	be	corrected	by	oral	supplementation?
Even though widely variable, in the absence of transcellular potassium shifts, the average serum  
potassium decreases by 0.3 mEq/L for each 100 mEq reduction in total body potassium stores. Oral 
or enteral administration is preferred when GI function is intact; the patient has mild (K1 . 3 mEq/L) 
to moderate (K1 2.5 to 3 mEq/L) asymptomatic hypokalemia with normal kidney function. Oral KCl 
can be given at 10 to 20 mEq PO thrice daily for mild and 40 to 60 mEq PO thrice daily for moderate 
hypokalemia. If ongoing losses are present, these doses can be scheduled. The serum K1 should be 
checked frequently and supplementation stopped or adjusted.

	24.	 When	should	IV	potassium	supplementation	be	used	to	treat	hypokalemia?
This may be necessary emergently in hypokalemic periodic paralysis, severe hypokalemia prior to  
urgent surgery, acute myocardial infarction (MI), and significant ventricular ectopy, or other situations 
where the gut cannot be used. KCl should not be diluted in dextrose-containing IV fluids, because  
insulin release can stimulate potassium to shift intracellularly. IV potassium supplementation should 
be accompanied by continuous EKG monitoring. The recommended maximum rate of IV potassium  
replacement in most patients should not be more than 10 to 20 mEq of KCl per hour to prevent acute 
hyperkalemia and sudden death. Initial rapid rate of replacement of 20 to 40 mEq/h can be given  
cautiously through a central venous catheter with continuous EKG monitoring in patients with life-
threatening hypokalemia.

	25.	 What	are	the	common	causes	of	hyperkalemia?
Pseudohyperkalemia may be due to hemolysis-related potassium release after phlebotomy, ischemia 
from increased tourniquet time, increased red cell fragility due to rheumatoid arthritis, infectious 
mononucleosis, red cell membrane disorders, chronic lymphocytic leukemia, and thrombocytosis.  
Redistribution of potassium from ICF to ECF may occur with hyperosmolarity seen with severe hyper-
glycemia, severe nonorganic acidosis, and also with medications like b-blockers and digoxin that 
prevent cellular potassium uptake. Increased potassium intake as food, supplementation, or salt  
substitutes in the setting of impaired kidney function. Decreased kidney potassium excretion due to 
acute kidney injury, CKD, medications, or rare genetic disorders like Gordon syndrome.

	26.	 What	are	the	mechanisms	by	which	commonly	used	medications	cause	hyperkalemia?
See Table 74.1.

	27.	 How	can	you	differentiate	true	from	pseudohyperkalemia?
Pseudohyperkalemia is suspected when the laboratory value of the measured potassium is high but 
the patient does not manifest signs of hyperkalemia such as an abnormal EKG. Some authors have 
defined pseudohyperkalemia as a difference between serum and plasma potassium concentrations of 
more than 0.4 mmol/L when samples remain at room temperature and are tested within one hour of 
collection.

Pseudohyperkalemia due to mechanical cell lysis can be identified by keeping the tourniquet 
time less than 1 minute and avoiding fist clenching to obtain an atraumatic sample. Serum is the  
supernatant obtained by centrifuging a blood sample that has been allowed to clot after collection in a 
red top tube (no anticoagulant). Plasma is the supernatant obtained after removing cells by centrifuging 
a sample of blood collected in tube with an anticoagulant (lavender top or light blue top). The process 
of clotting causes cell lysis and thus release of intracellular potassium. In pseudohyperkalemia, the 
plasma potassium will be normal in the face of an elevated serum potassium.

	28.	 Does	inhibiting	the	renin-angiotensin	aldosterone	system	(RAAS)	with	angiotensin-converting		
enzyme	inhibitors,	angiotensin	receptor	blockers,	and	mineralocorticoid	receptor	antagonists	
(MRA)	cause	hyperkalemia	in	patients	on	dialysis?
End-stage kidney disease (ESKD) patients on dialysis may be oliguric or anuric and hence do not  
depend on kidney excretion of potassium. These patients depend on dialysis and restriction of oral  
intake of potassium to maintain acceptable levels. Recent evidence from small-sized studies has 
shown that administration of low-dose MRA provides cardioprotective effects in both hemodialysis 
and peritoneal dialysis patients without significantly increasing the risk of hyperkalemia. MRA may 
improve mortality in ESKD dialysis patients, but larger studies are needed to establish safe protocols 
for their use in dialysis patients.

	29.	 How	does	hyperkalemia	present?
Hyperkalemia may be asymptomatic or present with mild symptoms like muscular weakness. Severe 
hyperkalemia can produce life-threatening conditions like respiratory failure due to paralysis of the  
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diaphragm, or ventricular fibrillation. The serum potassium concentration may not correlate with the 
progression of EKG changes.

	30.	 What	EKG	changes	are	seen	in	patients	with	hyperkalemia?
• Early, peaked T waves, initially in precordial and then in all leads
• Followed by increased PR interval and QRS complex widening
• This is followed by progressive flattening and then disappearance of P waves.
• Merging of the widened QRS and peaked T waves leads to a sine-wave pattern.
• This may be followed by ventricular fibrillation.

	31.	 Are	hemodialysis	patients	more	tolerant	of	mild	hyperkalemia	as	compared	to	the	general		
population?
The lower susceptibility of ESKD patients to the cardiac toxicity of hyperkalemia may be attributable 
to its chronic nature. ESKD or advanced CKD patients may not demonstrate symptoms or EKG 
changes with serum potassium levels more than 6 mEq/L. In these patients, it is thought that membrane 
potentials of excitable cardiac tissues can adapt to the chronic elevation of potassium. In contrast, 
acute hyperkalemia can cause a rapid reduction in resting membrane potential, depolarization, muscle 
excitability, and EKG changes.

	32.	 What	is	transtubular	potassium	gradient	(TTKG)	and	how	can	it	be	used	in	diagnosis	of		
hyperkalemia?
TTKG is a measurement of the potassium gradient between urine in the distal nephron (cortical  
collecting tubule) and the peritubular capillaries after correcting for changes in urine osmolality.  
TTKG 5 Urine K1 / Serum K1 3 Serum Osmolality/Urine Osmolality

Table 74.1. �Mechanisms�by�Which�Commonly�Used�Medications�Cause�
Hyperkalemia

CLASS MECHANISM

Potassium containing drugs like KCl, 
penicillin G, potassium citrate

Increased intake of potassium usually in the setting of  
decreased GFR

b-blockers Inhibit renin release and cellular uptake of potassium

ACE inhibitors like lisinopril, captopril, 
enalapril, ramipril

Inhibit conversion of angiotensin I to angiotensin II, leading 
to g aldosterone effect

Angiotensin receptor blockers like 
losartan, valsartan

Inhibit activation of angiotensin II receptors by angiotensin 
II and thus g aldosterone synthesis and secretion

Direct renin inhibitors g renin activity leading to g angiotensin II production

Heparin Inhibits enzyme aldosterone synthase in adrenals

Mineralocorticoid receptor antagonists 
like spironolactone

Block aldosterone receptor activation

Potassium-sparing diuretics like 
amiloride, triamterene (trimethoprim 
and pentamidine have similar structure)

Block apical ENaC in collecting duct, thus g the electrical 
gradient needed for potassium secretion

NSAIDs and COX-2 inhibitors Inhibit prostaglandin stimulation of collecting duct secretion; 
inhibit renin release

Digoxin Inhibit Na1-K1-ATPase pump on collecting duct necessary 
for providing potassium for secretion

Calcineurin inhibitors (tacrolimus,  
cyclosporine)

Activates WNK3 and WNK4 which upregulate sodium chloride 
cotransporter (thiazide sensitive transporter). This decreases 
sodium delivery to the ENaC needed for potassium secretion

ACE, Angiotensin converting enzyme; COX-2, cyclooxygenase-2; ENaC, epithelial sodium channel; GFR, 
glomerular filtration rate; NSAIDs, nonsteroidal anti-inflammatory drugs.

Modified from Weiner, D. I., Linas, S. L., & Wingo C. S. (2015). Disorders of potassium metabolism. In  
Comprehensive clinical nephrology. Philadelphia: Elsevier Saunders.
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It was originally proposed that a TTKG .10 suggests normal aldosterone secretion and action 
and a TTKG ,5 to 7 was thought to suggest aldosterone deficiency or resistance. Use of TTKG in the 
evaluation of patients with hyperkalemia is no longer recommended.

	33.	 Why	has	the	utility	of	TTKG	as	an	assessment	of	aldosterone	secretion	and	action	been	questioned?
TTKG was thought to represent the activity of aldosterone on the basis of an assumption that there is 
no appreciable reabsorption of osmoles downstream from the cortical collecting duct. This assumption 
has been found to be invalid after the discovery of the fact that urea is actively absorbed in the  
medullary collecting duct, a process that is regulated by vasopressin and aids in the secretion of  
potassium. Thus, TTKG represents potassium excretion due to both aldosterone and vasopressin  
action, and its utility in the diagnosis of hyperkalemia has been questioned.

	34.	 What	is	the	acute	treatment	for	life-threatening	hyperkalemia?
Calcium gluconate or calcium chloride, 10% solution, 10 mL IV over 10 minutes can help antagonize 
the membrane effects of hyperkalemia on the myocardial conducting system. This effect lasts for  
30 to 60 minutes. Calcium chloride is preferred in patients with cardiac arrest due to hyperkalemia 
because it releases active calcium immediately upon infusion, unlike calcium gluconate, which requires 
hepatic metabolism to release calcium. Calcium gluconate can be administered IV via a peripheral 
vein but calcium chloride requires a central line because extravasation can cause tissue necrosis.

	35.	 What	are	other	acute	treatments	that	can	be	used	for	management	of	severe	hyperkalemia?
Shift potassium into the cells by using:

 1. Regular insulin 10 units IV with 50% dextrose 50 mL. Dextrose is not needed if the plasma glucose 
is above 250 mg/dL. Always recheck the blood glucose after giving insulin.

 2. Nebulized albuterol 10 mg can also be used with similar lowering of potassium. These effects  
last 2 to 6 hours and must be followed by strategies to definitively remove potassium from  
the body.

	36.	 How	can	one	definitively	remove	potassium	from	the	body	in	an	acute	situation?
• Diuretics can increase kidney excretion of potassium in patients that make urine.
• Dialysis can be used acutely in patients with acute kidney injury or ESKD with hyperkalemia.

	37.	 What	are	some	treatment	strategies	in	patients	who	have	persistent	hyperkalemia,	especially	in	
patients	who	may	need	to	be	on	medications	that	cause	elevation	of	potassium	as	a	side	effect	
(example:	ACE	inhibitors	in	diabetic	kidney	disease)?
• Dietary reduction of potassium is beneficial in all patients but may not be enough.
• Review of all medications and supplements to consider stopping agents that can raise serum  

potassium.
• Increase excretion of potassium in the stool by using potassium binders.

	38.	 Describe	the	various	K1-binding	agents	for	the	management	of	hyperkalemia.
See Table 74.2.

Table 74.2. K1-Binding�Agents�for�the�Management�of�Hyperkalemia

SODIUM POLYSTYRENE 
SULFONATE PATIROMER

SODIUM  
ZIRCONIUM  
CYCLOSILICATE 
(ZS-9)

Status In use for past 60 years Introduced in 2016 Approval pending

Characteristic Resin Resin/polymer Crystal

Mechanism of 
action and 
specificity

Exchanges sodium for  
calcium, magnesium, K1, and 
ammonium in the colon/ 
rectum

Exchanges calcium for 
K1, magnesium, and 
ammonium in the distal 
colon

Exchanges sodium and 
hydrogen ions for K1 
throughout the GI tract; 
selective for K1 and 
ammonium

Dose and 
routes of  
administration

Oral: 15 g orally q6h
Rectal: 30–50 g q6h

Oral: 8.4–25.2 g/day Oral: pending FDA  
approval; 5–10 g/day
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Table 74.2. K1-Binding�Agents�for�the�Management�of�Hyperkalemia—cont’d

SODIUM POLYSTYRENE 
SULFONATE PATIROMER

SODIUM  
ZIRCONIUM  
CYCLOSILICATE 
(ZS-9)

Onset of action 1–2 h 7 h 1 h

Adverse events Nausea, vomiting, constipation, 
diarrhea, gastric irritation,  
colonic necrosis; sodium  
retention, hypokalemia,  
hypomagnesemia, hypocal-
cemia, metabolic alkalosis

Constipation, diarrhea, 
nausea, vomiting,  
flatulence; hypokalemia, 
hypomagnesemia, and 
possible calcium load.

Constipation, diarrhea, 
nausea, vomiting;  
hypokalemia, sodium 
retention, edema

FDA, U.S. Food and Drug Administration.

 1. Ninety-eight percent of potassium is intracellular, making it the most abundant intracellular cation.
 2. The large potassium gradient between the intracellular and extracellular compartments is partially 

responsible for maintaining the potential difference across the cell membrane, which is critical for 
the function of cells, particularly excitable tissues like nerves and muscles.

 3. Adjustments in the kidney excretion of potassium is the principal mechanism for maintaining  
potassium balance by matching potassium intake with excretion.

 4. The principal factors that determine the potassium secretion in the distal nephron are mineralocorticoid 
activity (aldosterone) and distal delivery of sodium and water (urine flow).

 5. Potassium-binding agents may be useful in situations where the use of RAAS inhibitors or MRA is 
limited due to the occurrence of hyperkalemia.

KEY POINTS

Modified from Chaitman, M., Dixit, D., & Bridgeman, M. B. (2016). Potassium-binding agents for the clinical 
management of hyperkalemia. P & T, 41, 43–50.
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	 1.	 What	is	calcium	homeostasis?
Calcium homeostasis refers to the regulation of the calcium concentration in the extracellular fluid. 
Normal serum calcium concentration varies between laboratories, but is usually 8.5 to 10.5 mg/dL 
(2.1 to 2.6 mmol/L) and it represents the sum of the three circulating fractions: 45% protein bound 
(albumin ,80%, globulins ,20%), 15% complexed to anions (citrate, bicarbonate, lactate, phosphate), 
and 40% free, or ionized. The ionized calcium is the physiologically active form, which is recognized 
by the calcium-sensing receptor (CaSR). The main hormonal regulators of ionized calcium are  
parathyroid hormone (PTH) and 1,25 dihydroxyvitamin D (1,25D).

	 2.	 Which	are	the	units	of	measurements	for	serum	calcium	and	what	is	the	conversion	between	
them?
Serum calcium is expressed in conventional units, as mg/dL, in SI (Système International) units, as 
mmoles/L, and sometimes as mEq/L. Calcium has a molecular weight of 40 and its valence is 2. 
Therefore:

Calcium (mg/dL) 3 0.25 5 Ca (mmol/L)
Calcium (mg/dL) 3 0.5 5 Ca (mEq/L)
Calcium (mEq/L) 3 0.5 5 Ca (mmol/L)

	 3.	 Describe	the	normal	calcium	balance.
Calcium balance represents the net difference between calcium intake and output in the body in 
steady state. This balance is positive during skeletal growth in children, zero in adults, and negative  
in the elderly. In a healthy adult on an average Western diet of 1000 mg elemental calcium per day, 
the net intestinal calcium absorption is ,200 mg; bone mineral accretion (,500 mg) equals bone 
resorption (,500 mg). The kidneys, under hormonal control, will excrete ,200 mg calcium in the 
final urine, rendering a neutral calcium balance. Calcium homeostasis and balance become altered  
in advanced chronic kidney disease (CKD). A positive calcium balance has been demonstrated in  
patients with CKD stage 3 and 4 placed either on a 2000 mg calcium diet or on 1500 mg calcium 
carbonate supplements. Thus calcium supplementation in this population should be used with caution, 
to avoid calcium overload.

	 4.	 What	causes	spurious	hypocalcemia?
Total serum calcium is routinely measured with colorimetric assays. The commonly used arsenazo– 
III reagent complexes with certain gadolinium compounds (like gadodiamide and gadoversetamide), 
blocking the detection of calcium. The artifact can be as large as 6 mg/dL and persists until the  
gadolinium is excreted from the body. The ionized calcium is unchanged in this situation and can  
confirm the spurious hypocalcemia.

	 5.	 What	causes	pseudohypocalcemia?
Unlike true hypocalcemia (low ionized calcium), pseudohypocalcemia is defined as a normal ionized 
calcium, with low total serum calcium. This usually occurs in conditions associated with low serum 
albumin (malnutrition, nephrotic syndrome, cirrhosis, etc.). In general, the concentration of calcium 
falls by 0.8 mg/dL for every 1 g/dL decrease in serum albumin concentration. One of the formulas to 
correct serum calcium for low albumin, derived from studies in cirrhotic patients with low albumin, is:

Ca corrected Ca measured [(4.0- serum a� � llbumin measured) 0.8)]�

A study of CKD patients not yet on dialysis showed that total calcium and albumin-corrected calcium 
failed to identify true hypocalcemia or hypercalcemia in 20% of the patients. Directly measuring the 
ionized calcium is preferred in this population.
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	 6.	 How	does	the	acid-base	status	affect	the	ionized	calcium?
Serum pH is inversely related to the ionized calcium. An increase in pH causes an increased binding
of calcium to albumin, resulting in a drop in ionized calcium, while the opposite occurs when the pH
drops. Total calcium remains unchanged in these situations. In patients with CKD with metabolic
acidosis, measurement of total calcium underestimates the ionized calcium.

	 7.	 What	are	some	common	causes	of	hypocalcemia?
Here is a list of the various causes; each is discussed in more detail in further questions:
• Hypoparathyroidism: genetic and acquired (post-surgical)
• PTH resistance (pseudohypoparathyroidism)
• Vitamin D deficiency or resistance
• Kidney disease
• Hypomagnesemia
• Hyperphosphatemia
• Hungry bone syndrome
• Medications
• Human immunodeficiency virus
• Acute pancreatitis
• Sepsis and critical illness

	 8.	 What	are	some	causes	of	hypoparathyroidism?
Idiopathic hypoparathyroidism may be the result of the absence of parathyroid glands, brachial
dysembriogenesis (DiGeorge syndrome), or polyglandular autoimmune disorder. Acquired forms can
result from surgery, neck irradiation, or infiltrative diseases like hemochromatosis, amyloidosis, and
thalassemia. The most common cause is hypomagnesemia.

	 9.	 What	is	pseudohypoparathyroidism?
In contrast to hypoparathyroidism, in which the synthesis or secretion of PTH is impaired or absent,
in pseudohypoparathyroidism, target tissues are unresponsiveness to the actions of PTH. Chronic
hypocalcemia in this disorder leads to hyperplastic parathyroid glands and increased levels of PTH.

	10.	 Briefly	discuss	the	vitamin	D–related	causes	of	hypocalcemia.
• Vitamin D deficiency: associated with inadequate exposure to ultraviolet light, poor dietary intake,

or malabsorption. Also, vitamin D deficiency may occur in patients with nephrotic syndrome as a
result of losses of vitamin D–binding protein in the urine.

• Abnormalities of vitamin D metabolism: either reduced hydroxylation of vitamin D to
25-hydroxyvitamin D (25D) in chronic liver diseases or reduced hydroxylation of 25D to 1,25D in
kidney failure or vitamin D–dependent rickets type I (deficiency of 1a-hydroxylase).

• Resistance to the actions of vitamin D: vitamin D–dependent rickets type II (molecular defects in
the vitamin D receptor).

	11.	 What	factors	contribute	to	hypocalcemia	in	CKD?
• Hyperphosphatemia
• Decreased levels of 1,25D

• Decreased kidney mass as kidney disease progresses
• Accumulation of bone-derived hormone fibroblast growth factor 23 (FGF-23). FGF-23 reduces

the activity of the 1-hydroxylase enzyme in the kidney.
• Skeletal resistance to the calcemic action of PTH.

	12.	 How	does	abnormal	serum	magnesium	cause	hypocalcemia?
• Magnesium levels below 1 mg/dL produce PTH resistance. With more severe hypomagnesemia,

the secretion of PTH can also be impaired. Correction of the hypocalcemia requires first restoring
magnesium.

• Magnesium levels over 6 mg/dL can suppress PTH secretion causing hypocalcemia.

	13.	 Explain	how	hypocalcemia	can	result	from	hyperphosphatemia.
Hyperphosphatemia can induce hypocalcemia through an increase in calcium 3 phosphorus product
with subsequent precipitation of calcium phosphate salts in soft tissues. This commonly occurs with
excessive enteral or parenteral phosphate administration (during treatment of hypophosphatemia) or
with massive release of intracellular phosphate in patients with tumor lysis syndrome, severe hemolysis,
or rhabdomyolysis. It can also occur in acute kidney injury or advanced CKD due to decreased renal
phosphorus excretion.
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	14.	 What	is	“hungry	bone	syndrome”?
Also known as recalcification tetany, this condition can occur immediately after parathyroidectomy for
hyperparathyroidism (primary or secondary) and consists of rapid skeletal uptake of calcium and phosphate
by the bones, causing hypocalcemia. It is usually more severe in parathyroidectomy following the secondary
hyperparathyroidism of renal failure and may require high doses of calcium and calcitriol for weeks.

	15.	 What	other	diseases	commonly	encountered	in	clinical	practice	are	associated	with	hypocalcemia
and	how?
HIV disease. Hypocalcemia in HIV is about 6 times more common than in the general population and
recognizes multiple causes: antiretroviral therapy, vitamin D deficiency, hypomagnesemia, etc. PTH
hyporesponsiveness to hypocalcemia has also been reported.

Acute pancreatitis. Hypocalcemia is due to deposition of “calcium soaps” consisting of calcium
and fatty acids. Calcitonin-mediated hypocalcemia was reported in some but not all studies.

Sepsis. Hypocalcemia in patients with sepsis is usually accompanied by hypophosphatemia, high
levels of PTH and calcitonin. The mechanism of hypocalcemia in these patients is likely heterogeneous
and has not been rigorously studied.

	16.	 What	are	some	of	the	medications	that	cause	hypocalcemia	and	how?
Many medications can cause hypocalcemia through a variety of mechanisms:
• Calcium chelators: citrate, ethylenediaminetetraacetic acid (EDTA)
• Complex formation: foscarnet
• Inhibition of bone resorption: bisphosphonates, denosumab, etc.
• Drug-induced hypoparathyroidism: cinacalcet
• Altered vitamin D metabolism: phenytoin, 5 fluorouracil/leucovorin

	17.	 What	laboratory	tests	are	helpful	in	the	evaluation	of	hypocalcemia?
Ionized calcium will confirm true hypocalcemia. Serum PTH is the most helpful test in evaluating
hypocalcemia and should assist in differentiating between conditions associated with low or elevated
PTH levels. Further, serum magnesium, phosphorus, and creatinine, 25D, and 1,25D can be obtained,
as suggested by the patient’s clinical and medication history.

	18.	 What	are	the	clinical	manifestations	of	hypocalcemia?
The manifestations of hypocalcemia depend as much on the rate of its occurrence as on the degree
of the reduction in plasma calcium. Symptoms include neuromuscular manifestations such as tetany,
muscle spasm, cramps, carpopedal spasm, irritability, and seizures. Cardiovascular manifestations
include hypotension, and congestive heart failure.

Electrocardiographic abnormalities: prolonged QT intervals, QRS complex and ST-segment
changes that resemble acute myocardial infarction, conduction abnormalities.

	19.	 What	is	the	treatment	for	acute	symptomatic	hypocalcemia?
Acute symptomatic hypocalcemia requires therapy with intravenous calcium. This can be given as
10 to 20 mL of calcium gluconate (90 mg of Ca11 per 10-mL ampule) infused at no more than
2 mL/min. This should be repeated as needed to keep the patient free of symptoms. In hypocalcemia
associated with hypomagnesemia, magnesium replacement also is required.

	20.	 What	is	pseudohypercalcemia?
In pseudohypercalcemia the ionized calcium is normal, but the total serum calcium is elevated due to
increased calcium binding to serum proteins. This can be seen in patients with hyperalbuminemia due
to dehydration. Also, in certain multiple myeloma cases, the abnormal paraprotein can bind excessively
to calcium, resulting in elevated total serum calcium.

	21.	 What	are	some	common	causes	of	hypercalcemia?
Hyperparathyroidism and malignancy represent about 90% of all cases of hypercalcemia. Other
etiologies include:
• Granulomatous diseases
• Immobilization
• Medications: excessive vitamin D, vitamin A, lithium, Tamoxifen, etc.
• Milk-alkali (or calcium alkali) syndrome
• Endocrine: thyrotoxicosis, etc.

	22.	 Describe	the	mechanism	of	hypercalcemia	and	its	consequences	in	primary	hyperparathyroidism.
PTH causes hypercalcemia by stimulating osteoclastic bone resorption and by increasing kidney
calcium reabsorption in the distal nephron. PTH also stimulates 1,25D synthesis, which leads to
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increased intestinal calcium absorption and increased calcium reabsorption in the distal nephron.
Hypercalcemia will increase the filter load of calcium, exceeding the tubular reabsorption capability
and causing hypercalciuria and increased kidney stones.

	23.	 How	do	malignancies	cause	hypercalcemia?
• Humoral hypercalcemia of malignancy refers to hypercalcemia from secretion of PTH-related

peptide (PTH-rP) by tumors including squamous cell carcinomas of the lung, head, or neck and
renal cell carcinoma. PTH-rP mimics the actions of PTH by binding to the same receptor (,80%
of cases).

• Local osteolytic hypercalcemia. Secretion of bone-resorbing cytokines (such as interleukin-1,
interleukin-6, and macrophage inflammatory protein-a) has been reported with some solid tumors
metastatic to the bone and multiple myeloma (,20% of cases).

• Extra-renal 1,25D production. Certain lymphomas, ovarian dysgerminoma, will convert 25 OH
vitamin D to the active 1,25 form (less than 1% of cases).

• Authentic ectopic hyperparathyroidism. Rare occurrence with ovarian, lung, thyroid carcinomas,
etc.

	24.	 What	conditions,	other	than	malignancy,	can	present	with	elevated	1,25D	levels?
• Increased production of 1,25D by non-renal tissues has been reported with sarcoidosis, certain

infections (tuberculosis, invasive histoplasmosis, etc.), and other granulomatous disorders
(granulomatosis with polyangiitis, Crohn disease, giant cell polymyositis, foreign–body granulomas
from silicone, paraffin, polymethyl methacrylate, etc.).

• Reduced catabolism of 1,25D (loss of function mutation of the 24-hydroxylase encoding gene,
CYP24A1) can present as unexplained hypercalcemia. The adult phenotype includes varying
degrees of hypercalcemia, hypercalciuria, nephrolithiasis/nephrocalcinosis, low PTH, higher than
expected 1,25D levels, and CKD. Pregnancy associated hypercalcemia in women without prior
hypercalcemia or nephrocalcinosis has been reported, and can be complicated by maternal
hypertension, acute pancreatitis, and fetal demise.

	25.	 How	does	hypercalcemia	occur	during	immobilization?
Immobilization regularly leads to accelerated bone resorption and hypercalcemia primarily in individuals
with high rates of bone turnover (e.g., adolescents on bed rest or patients with Paget disease).
Hypercalcemia is preceded by hypercalciuria, which may lead to kidney stones. Hypercalcemia
promptly reverses with the resumption of normal weight bearing.

	26.	 What	commonly	used	medications	cause	hypercalcemia	and	how?
Vitamin D toxicity, which usually develops in vitamin faddists, manifests clinically with hypercalcemia.
In general, serum 25D levels above 80 ng/mL are necessary for vitamin D toxicity, though much
higher levels are typically seen in symptomatic hypercalcemia.

Hypercalcemia also occurs in CKD patients treated for secondary hyperparathyroidism with
pharmacologic doses of active vitamin D, like calcitriol (1,25D) or synthetic analogs (paricalcitol,
doxercalciferol, etc.). Hypercalcemia is dose-dependent and transient, resolving within a few days of
the drug being discontinued.

Vitamin A intoxication, more commonly seen today with dermatologic or oncologic use of vitamin
A analogues, causes hypercalcemia via osteoclast-mediated bone resorption.

Thiazide diuretics reduce urinary calcium excretion via the sodium-calcium exchanger in the
distal tubule. However, hypercalcemia from thiazide diuretics occurs mainly in patients with underlying
mild primary hyperparathyroidism.

Lithium interferes with CaSR, resulting in an increase in the set point at which calcium is
suppressed. Patients on chronic lithium therapy can develop mild hypercalcemia, which subsides
when medication is stopped in most cases.

	27.	 What	is	the	milk-alkali	syndrome?
The milk-alkali syndrome consists of hypercalcemia, hyperphosphatemia (although with use of
calcium supplements such as calcium carbonate, phosphate binding in the gastrointestinal tract may
produce hypophosphatemia), metabolic alkalosis, and kidney failure. It was most commonly observed
years ago in patients who were treated for peptic ulcer disease with large doses of sodium bicarbonate
or calcium carbonate antacids and milk. Kidney failure was mediated by metastatic calcification of the
kidney resulting from excessive calcium and phosphorus absorption. Kidney failure accounted for
impairment of bicarbonate excretion. Currently it results from the use of calcium supplements in
patients seeking to enhance bone formation, such as postmenopausal women with osteoporosis.
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	28.	 What	are	the	clinical	manifestations	of	hypercalcemia?	Why	does	polyuria	occur?
Clinical manifestations vary with acuity and severity of hypercalcemia. In the more acute settings, 
these include fatigue, weakness, lethargy, confusion, anorexia, nausea, abdominal pain, constipation, 
polyuria, and polydipsia. Cardiac abnormalities like electrocardiographic changes (short QT, ST  
segment elevation), arrhythmias (bradyarrhythmias or heart block), and potentiation of digitalis toxicity 
have been reported.

Polyuria is a manifestation of nephrogenic diabetes insipidus that occurs in hypercalcemia by 
the following proposed mechanisms:
• Inhibition of salt reabsorption in the medullary thick ascending limb with resultant “washing out” of 

the medullary interstitium and reduction of the countercurrent gradient.
• Inhibitory effect of the CaSR on vasopressin-stimulated water reabsorption in the inner medullary 

collecting duct.

	29.	 Which	laboratory	tests	are	helpful	in	the	evaluation	of	hypercalcemia?
Serum PTH level will help distinguish a PTH-mediated from a non-PTH–mediated hypercalcemia.  
In patients with normal kidney function, an elevated serum-intact PTH level will diagnose primary  
hyperparathyroidism in more than 90% of cases. If serum PTH is low (usually ,20 pg/mL or so), 
evaluation of PTH-rP, 25D and 1,25D, phosphorus, creatinine, vitamin A level, serum, and urine protein 
electrophoresis should be pursued based on the patient’s clinical and medication history.

	30.	 How	can	urinary	calcium	help	in	the	diagnosis	of	hypercalcemia?
Evaluation of urine calcium (spot studies, or preferably a 24-hour collection) is helpful in distinguishing 
primary hyperparathyroidism from familial hypocalciuric hypercalcemia (FHH), an inactivating mutation 
of CaSR with autosomal-dominant transmission, presenting sometimes in adulthood. FHH is manifested 
as mild hypercalcemia, slightly elevated PTH, and increased kidney reabsorption of calcium causing 
hypocalciuria. The urinary calcium/creatinine ratio is below 0.01 (mg/mg) in FHH, while a ratio over 
0.2 (mg/mg) is seen in primary hyperparathyroidism; ratios between 0.01 and 0.2 are indeterminate.

	31.	 What	are	the	general	therapeutic	interventions	in	the	management	of	hypercalcemia?
In symptomatic patients, general measures that facilitate urinary calcium excretion include administration 
of intravenous saline, followed by furosemide once volume expansion has been achieved. Loop  
diuretics are calciuric and help prevent pulmonary congestion. Patients with impaired kidney function 
who are unable to excrete the sodium load may require hemodialysis against a low calcium bath.

	32.	 What	specific	treatment	can	be	used	in	the	management	of	hypercalcemia?
Glucocorticoids are the first line of therapy for hypercalcemia-associated elevated 1,25D levels in  
sarcoidosis and have been successfully used in other cases of granulomatous hypercalcemia like  
tuberculosis, silicone-induced granulomas, etc. Oral calcium intake as low as 400 mg/day is also  
recommended in these cases (to limit its intestinal absorption).

For hypercalcemia of malignancy associated with bone resorption, bisphosphonates (pamidronate, 
zoledronic acid), which induce osteoclast apoptosis, are considered first line of therapy. The clinical 
response is apparent in a few days. Calcitonin inhibits osteoclast bone resorption within hours, but its 
use is limited by the modest effect and rapid development of tachyphylaxis. Denosumab, a monoclonal 
antibody that blocks osteoclast activation by targeting the receptor activator of NF-kB ligand, has 
been used in some case series of bisphosphonates-resistant hypercalcemia.

Cinacalcet activates the CaSR in the parathyroid gland, thus inhibiting PTH secretion; it may be 
used in patients with parathyroid cancer in whom surgical parathyroid resection is not curative.

 1. A positive calcium balance has been demonstrated in patients with CKD stages 3 and 4 consuming 
a diet containing 2000 mg of calcium per day, or calcium carbonate supplements of 1500 mg/day. 
Calcium supplementation in this population should be used cautiously.

 2. Correcting the total serum calcium for albumin in patients with advanced kidney failure may lead to 
errors in estimating ionized serum calcium. Therefore ionized serum calcium should be directly 
measured if hypocalcemia or hypercalcemia is suspected.

 3. Elevated 1,25D levels due to mutations of the 24-hydroxylase gene have been reported recently in 
adults. This possibility should be considered in the differential diagnosis of adults with unexplained 
hypercalcemia associated with high 1,25D levels, low PTH, nephrolithiasis/nephrocalcinosis, and CKD.

KEY POINTS
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NORMAL PHOSPHORUS PHYSIOLOGY

	 1.	 What	is	the	difference	between	phosphate	and	phosphorus	and	how	are	they	measured	in	clinical	
medicine?
Phosphorus is a critical element in physiology. Phosphorus is an essential component of bone  
(hydroxyapatite), DNA, lipid membranes (phospholipids), signal molecules (phosphorylation activates numerous 
enzymes), and chemical energy storage (adenosine triphosphate and creatine phosphate). In the serum, 
phosphorus circulates as phosphate, PO4

23 usually with one or two protons, H2PO2
4 or HPO4

22 (Fig. 76.1).
The atomic weight of phosphorus is 31 g/mole and the average valence (pH 7.4) is 1.8. Normal 

serum phosphorus is 2.5 to 4.5 mg/dL. This converts to 0.8 to 1.45 mmol/L or 1.45 to 2.61 mEq/L.

	 2.	 Where	is	phosphorus	found	in	the	body?
There is 780 mg in a typical 70 kg man. Almost all of it (80% to 85%) is found in teeth and bones as 
hydroxyapatite. Only 0.1% is found in the extracellular fluid.

	 3.	 Tell	me	about	dietary	phosphorus	intake.
Organic phosphorus is found in meat, fish, dairy, whole grains, and nuts. However, most of the phos-
phorus we encounter in our diet is in the form of inorganic phosphorus added during food processing 
to enhance flavor and to improve color, and it serves as a preservative. Between 40% and 80% of  
dietary phosphorus is absorbed. The variability is largely due to the type of phosphorus consumed.  
Organic phosphorus is typically bound to proteins and must be metabolized to phosphate prior to  
absorption. Only about 40% to 60% of organic phosphorus is absorbed. Phosphate from animal protein 
is better absorbed than plant phosphate (phytate). Inorganic phosphate is more bioavailable, with as 
high as 90% absorption. The institute of medicine recommends 750 mg of phosphorus per day, with 
larger requirements (1250 mg/day) for children and pregnant women.

Food tables that list the phosphorus content do not include the phosphorus used as preservatives 
and so tend to underestimate daily phosphorus intake by as much as 272 to 350 mg.

Phosphate absorption in the gastrointestinal (GI) tract is largely unregulated, so increased dietary 
phosphate ingestion increases phosphate absorption. Active (1,25-OH) vitamin D also increases  
phosphate absorption.
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Figure 76.1. There are four forms of phosphate, with two found in the body. Hydrogen phosphate is the dominant form in 
the extracellular compartment, while dihydrogen phosphate is more common in the intracellular compartment. The other 
forms are essentially nonexistent in the body.
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	 4.	 How	is	phosphorus	handled	by	the	kidney?
The kidney filters between 3700 and 6100 mg of phosphate a day. Phosphate excretion is about  
600 to 1500 mg/day, so about 75% to 85% of filtered phosphate is reabsorbed by the kidney. The 
proximal tubule reabsorbs about 85% of the filtered load via a triad of sodium-phosphate cotransport-
ers (NaPi-2a, NaPi-2c, PiT-2). Phosphate reabsorption is regulated by numerous dietary, metabolic, 
and hormonal factors. Calculating the tubular reabsorption of phosphorous (TRphos) can provide  
insight into renal phosphorus handling. See Equation 76.1.

Factors that lead to increased renal phosphate absorption include a low phosphate diet, 1,25-OH 
vitamin D, and thyroid hormone. On the other hand, parathyroid hormone (PTH), fibroblast growth  
factor (FGF)23, a high phosphate diet, metabolic acidosis, potassium deficiency, glucocorticoids,  
dopamine, hypertension, and estrogen lower phosphate absorption.

	 5.	 What	is	FGF-23?
FGF-23 is classified as a phosphotonin—a hormone that increases urinary phosphorus. It is produced 
and released by osteocytes in response to increased serum phosphorus. When FGF-23 binds its  
receptor and the receptor’s co-factor, Klotho, it decreases phosphorus reabsorption in the proximal  
tubule. It also decreases 1-alpha hydroxylase, lowering 1,25-OH D levels. FGF-23 also can directly 
suppress PTH. Increases in FGF-23 are found early in chronic kidney disease (CKD) and is responsible 
for the decreased 1,25-OH D levels found in CKD. It helps maintain normal phosphate levels despite 
compromised glomerular filtration rate (GFR).

HYPOPHOSPHATEMIA

	 6.	 What	is	the	difference	between	phosphate	depletion	and	hypophosphatemia?
Phosphate depletion is a decrease in the total body soluble phosphate. Hypophosphatemia is a low 
serum phosphate level. Hypophosphatemia can be due to a decreased total phosphate level or to  
altered transcellular distribution of phosphorus into the intracellular compartment. Often, patients with 
phosphate depletion can maintain normal phosphate levels for a while, but are predisposed to sudden 
and acute drops in phosphate levels from events that shift phosphate into cells.

	 7.	 What	is	the	definition	of	hypophosphatemia	and	how	common	is	it?
Hypophosphatemia is defined as serum phosphate level less than 2.5 mg/dL (0.8 mmol/L). In  
unselected hospitalized patients, hypophosphatemia has a prevalence of 2% to 3%. However, that  
increases dramatically in selected populations: 34% for intensive care unit patients, 65% to 80% for 
patients with sepsis.

	 8.	 What	are	the	causes	of	hypophosphatemia?
The causes of hypophosphatemia should be organized by decreased intake and GI losses, transcellular 
shift, and increased renal phosphate wasting. Since phosphorus is a common constituent of food,  
decreased dietary intake is a rare cause of hypophosphatemia. However, malabsorption or increased 
colonic secretion from diarrhea can result in hypophosphatemia. Some cases of hypophosphatemia 
occur with chronic overuse of phosphorus binders or calcium-, magnesium-, or aluminum-containing 
antacids that block phosphorus absorption. Pharmaceutical niacin causes a modest reduction in  
serum phosphorus (0.3 mg/dL, 0.1 mmol/L), which is thought to be due to decreased GI absorption.

Increased renal phosphate excretion is a common cause of hypophosphatemia. Since PTH  
decreases renal phosphorus absorption by decreasing sodium-phosphate cotransporter activity in  
the proximal tubule, primary hyperparathyroidism is the prototypical example of renal phosphorous 
wasting. A unique form of hyperparathyroidism can occur after a kidney transplant. Patients with  
significant secondary hyperparathyroidism prior to transplant often have prolonged hypophosphatemia  
because they are unable to adequately suppress PTH following the transplant. In others, the  
hypophosphatemia persists despite normal PTH. In a series of 27 living donor transplants, FGF-23 
was found to correlate best with post-transplant phosphorus levels.

Tubular reaborption
of phosphorus

Crserum � Phosurine
1001� �

Crurine � Phosserum

�

Equation 76.1. The tubular reabsorption of phosphorus is the percentage of filtered phosphorus, which is subsequently 
reabsorbed. It is one minus the fractional excretion of phosphorus. It is generally between 75% and 85%.
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Vitamin D deficiency can lead to hypocalcemia. This causes secondary hyperparathyroidism, 
which decreases serum phosphorus. This is made worse by decreased dietary phosphorus absorption 
from the lack of vitamin D.

Generalized dysfunction in the proximal tubule, Fanconi syndrome, is characterized by hypophos-
phatemia, in addition to glucosuria, proximal renal tubular acidosis, hypokalemia, and aminoaciduria.

Autosomal dominant hypophosphatemic rickets causes renal wasting of phosphorus. Patients 
are unable to mineralize bones so they end up with soft bones. It is due to an inability to inactivate 
FGF-23, which results in increased renal phosphorus wasting. A similar phenotype is seen in X-linked 
hypophosphatemic rickets; however, in this condition, there is an inactivating mutation of PHEX, which 
normally decreases the expression of FGF-23.

The last major cause of hypophosphatemia is transcellular shift, where phosphorus is either 
shifted into cells or taken up by bones. The former occurs with increases in insulin. Refeeding  
syndrome occurs in patients with total body phosphorus depletion, who then undergo a fast of 2 to  
3 days. When they resume eating, the sudden increase in carbohydrates causes a release of insulin 
which shifts glucose, potassium, and phosphorus into cells. Phosphorus, which is already somewhat 
depleted, is rapidly consumed with the conversion of glucose to glucose 6-phosphate.

Respiratory alkalosis reliably causes a shift of phosphorus into cells.
The other sudden cause of hypophosphatemia is hungry bone syndrome, which occurs in  

patients with significant secondary or tertiary hyperparathyroidism, which is then corrected by surgical 
removal of the parathyroid glands. This triggers a sudden drop in PTH and rapid remineralization of 
osteoid throughout the skeleton, causing sudden drops in serum calcium, phosphorus, magnesium, 
and potassium.

	 9.	 How	does	hypophosphatemia	present?
Since phosphorus is a key ingredient to the cellular energy molecule, adenosine triphosphate (ATP), 
hypophosphatemia causes symptoms related to the lack of ATP. Symptoms are rare until the phospho-
rus falls below 1 mg/dL (0.32 mmol/L). The most severe hypophosphatemia can cause hemolysis 
from decreased red blood cell deformability due to ATP depletion. Hypophosphatemia can also cause 
rhabdomyolysis. Hemolysis and rhabdomyolysis both release intracellular phosphorus covering the 
tracks of the inciting hypophosphatemia.

A number of studies have associated hypophosphatemia with increased hospital mortality;  
however, the lack of randomized, interventional trials keeps the question open of whether the  
hypophosphatemia causes or is associated with the increased mortality.

Hypophosphatemia has been associated with decreased respiratory muscle strength resulting in 
increased duration of mechanical ventilation. Others have reported decreased myocardial contractility, 
and improved left ventricular performance was documented with the correction of severe (,1 mg/dL 
or 0.3 mmol/L) but not moderate hypophosphatemia. Decreased phosphorus can result in central ner-
vous system (CNS) symptoms ranging from paresthesias (perioral numbness) to irritability, delirium, 
seizures, and coma.

	10.	 How	should	one	approach	evaluating	the	cause	of	hypophosphatemia?
Generally, the cause of the hypophosphatemia can be elucidated from the patient’s history, focusing 
on diet, nutritional status, social habits, and medication use. In situations where it is not clear,  
a 24-hour urinary phosphate or calculating the TRphos can distinguish renal wasting from GI loss or 
cellular redistribution. A 24-hour urinary phosphate excretion ,100 mg or TRphos .95% is indicative 
of appropriate renal phosphate retention in the setting of hypophosphatemia.

	11.	 How	should	hypophosphatemia	be	treated?
Moderate hypophosphatemia (phosphorus .1 mg/dL, 0.32 mmol/L) and asymptomatic patients can 
be treated with oral phosphate. Cow’s milk is a good source of phosphate. Typical oral dosing is 40 to 
80 mmol (124 to 248 mg) divided into four doses over 24 hours. Severe hypophosphatemia (,1 mg/dL, 
0.32 mmol/L) and patients who cannot tolerate oral replacement need intravenous (IV) replacement.  
IV phosphorus can cause hypocalcemia, kidney failure, hypotension, hyperphosphatemia, and electro-
cardiogram (ECG) abnormalities. These complications can be avoided with moderate doses. A safe 
dose is considered to be 15 mmol over 2 hours; however, doses graded by weight and phosphorus 
level were shown to be more effective and just as safe in a prospective trial.

This protocol (Table 76.1) corrected 78% of patients with hypophosphatemia with a single 
dose administered over 6 hours (compared to 47% prior to the protocol) and resulted in no cases of  
hyperphosphatemia (compared to 16 episodes prior to the protocol).
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HYPERPHOSPHATEMIA

	12.	 What	is	the	definition	of	hyperphosphatemia?
Hyperphosphatemia is defined by a serum phosphate level greater than 1.45 mmol/L or 4.5 mg/dL.  
In patients on dialysis, a looser standard of 5.5 mg/dL (1.77 mmol/L) is sometimes adopted.

	13.	 What	is	the	incidence	of	hyperphosphatemia?
The incidence of hyperphosphatemia is largely determined by kidney function. In unselected hospitalized 
patients, the rate is about 9%. The patients with hyperphosphatemia had an average estimated GFR 
(eGFR) of 22 mL/min/1.73 m2, while the patients with normal phosphorus were 93 mL/min/ 1.73 m2. 
Among patients on dialysis, the rate is 47%, despite using a looser definition for hyperphosphatemia 
(1.77 instead of 1.45 mmol/L).

	14.	 What	is	pseudohyperphosphatemia?
Elevated phosphorus levels, often mildly elevated (but have been as high as 31 mg/dL), have been  
encountered in the setting of normal kidney function, calcium, parathyroid hormone, and vitamin D 
level, suggesting spurious elevation or lab errors: this is pseudohypophosphatemia. It is often a result 
of a lab assay interference, which can be seen in cases of paraproteinemia, and with the use of  
liposomal amphotericin B, recombinant tissue plasminogen activator, and heparin sulfate. It is important 
to be aware of this problem in order to prevent unnecessary and potentially harmful treatments 
geared at lowering serum phosphorus levels.

	15.	 What	are	the	causes	of	hyperphosphatemia?
Hyperphosphatemia can be due to increased intake, transcellular distribution, and decreased kidney 
clearance.

Cathartics may contain sodium phosphate. When used as the principal bowel prep for colonos-
copies and GI procedures, the recommended dose is 11.5 g of phosphorus in 90 mL of solution.  
Patients routinely become hyperphosphatemic, though usually only transiently. Increased age,  
abnormal bowel motility, and decreased kidney function are all risk factors for persistent and significant 
hyperphosphatemia. Similar results have been reported with sodium phosphate enemas.

In advanced CKD, increased dietary phosphorus is associated with hyperphosphatemia. Foods 
with high phosphorus need to be avoided in order to keep dietary phosphorus below 1200 mg for 
pre-dialysis CKD patients, and 800 mg for dialysis patients.

The anti-seizure medication, fosphenytoin is metabolized to phenytoin, formaldehyde, and  
phosphorus. Acute episodes of hyperphosphatemia have been reported in patients with kidney failure.

Cell breakdown in the setting of tumor lysis syndrome, rhabdomyolysis, or hemolysis releases 
intracellular phosphate. Breakdown of these cells also releases uric acid, myoglobin, and hemoglobin, 
respectively, resulting in acute kidney injury. This compromises the excretion of phosphate. With tumor 
lysis syndrome in particular, calcium phosphate, uric acid, and xanthine can precipitate in the tubules, 
resulting in inflammation and obstruction. Increased urine pH predisposes to the crystallization of cal-
cium phosphate. Chemotherapy protocols that call for alkalinization of the urine to prevent uric acid 
nephropathy may unwittingly predispose to calcium phosphate precipitation.

Hyperphosphatemia is common in diabetic patients presenting with ketoacidosis. However, the 
phosphorus rapidly falls with treatment, and by 12 hours the phosphorus may be below normal. The 
increased phosphorus is due to transcellular shift and a lack of insulin. After treatment is initiated, 
phosphorus shifts back in the cells and reveals underlying total body phosphorus depletion.

Table 76.1. Phosphorus Treatment Protocol

PHOSPHORUS LEVEL WEIGHT

mmol/l mg/dl 40–60 kg 61–80 kg 81–120 kg

,0.32 1.0 30 mmol Phos 40 mmol Phos 50 mmol Phos

0.32–0.54 1.0–1.7 20 mmol Phos 30 mmol Phos 40 mmol Phos

0.55–0.70 1.7–2.2 10 mmol Phos 15 mmol Phos 20 mmol Phos

From Taylor, B. E., Huey, W. Y., Buchman, T. G., Boyle, W. A., & Coopersmith, C. M. (2004). Treatment  
of hypophosphatemia using a protocol based on patient weight and serum phosphorus level in a surgical  
intensive care unit. Journal of the American College of Surgeons, 198(2), 198–204.
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PTH decreases kidney reabsorption of phosphorus, so decreases in PTH result in hyperphosphatemia. 
Hypoparathyroidism is most commonly seen as a complication of parathyroid, thyroid, or neck  
surgery. Both hypo- and hypermagnesemia can cause functional hypoparathyroidism. DiGeorge, or  
velocardiofacial syndrome due to a micro deletion of 22q11, is a congenital cause of hypoparathyroid-
ism. Acromegaly is thought to cause hyperphosphatemia through the action of an insulin-like growth  
factor, which stimulates phosphorus reabsorption in the proximal tubule. Vitamin D toxicity increases 
both calcium and phosphorus absorption. The increased calcium suppresses PTH, which further com-
promises phosphorus excretion. Bisphosphonates induce a mild hyperphosphatemia by stimulating 
phosphorus reabsorption. Primary hyperphosphatemic tumoral calcinosis is a condition characterized 
by multiple calcified, painless masses. Patients have normal calcium levels but elevated phosphorus 
levels with normal kidney function. This is due to an inactivating mutation to FGF-23, Klotho, or 
GALNT3, resulting in decreased renal phosphorus excretion.

As mentioned earlier, decreased renal clearance is arguably the most important cause of hyper-
phosphatemia. In acute kidney injury, as kidney dysfunction resolves, so does the hyperphosphatemia. 
In early CKD, increases in FGF-23 and PTH are able to maintain the phosphorous balance, but as the 
GFR falls below 20 mL/min, the frequency of hyperphosphatemia begins to increase.

	16.	 What	are	the	symptoms	of	hyperphosphatemia?
Acute hyperphosphatemia is usually asymptomatic, but when there are symptoms, they are typically 
consistent with the concurrent hypocalcemia seen with hyperphosphatemia. Hypocalcemia primarily 
causes cardiac and CNS toxicity. The primary ECG changes are QTc prolongation and it can also cause 
myocardial depression leading to hemodynamic instability. The neurologic effects include perioral 
numbness, Chvostek and Trousseau signs, lethargy, laryngospasm, seizure, and coma.

Chronic hyperphosphatemia is generally asymptomatic; however, there are a few complications 
that are significant. Increased phosphorus is associated with poor patient outcomes. In a study of  
inpatients, those with hyperphosphatemia had a longer length of stay (6 compared to 3 days) and 
higher mortality. The CARE study was a randomized, controlled trial of pravastatin in patients with a 
previous myocardial infarction and hypercholesterolemia. The average GFR was 70 mL/min. The  
investigators found a 27% increase in the risk of death for every 1 mg/dL (0.32 mmol/L) increase in 
phosphorus. In patients on dialysis, multiple studies from all over the world have found an association 
with high phosphorus and mortality.

Another complication of hyperphosphatemia is calcific uremic arteriolopathy (formerly known as 
calciphylaxis). This disease is usually seen in dialysis patients and affects the arterioles. Histologically, 
it is characterized by apoptosis, differentiation of smooth muscle cells into bone forming osteoblast-
like cells, and increased inflammation. Patients develop painful, deep soft-tissue plaques that prog-
ress to black eschars and necrotic ulcers. Sodium thiosulfate administered with dialysis has emerged 
as a promising treatment strategy.

	17.	 How	do	you	treat	acute	hyperphosphatemia?
The best treatment is avoiding acute hyperphosphatemia in the first place. Sodium phosphate bowel 
cleanses should be avoided, especially in patients with CKD and abnormal gut motility. Once the  
patient has hyperphosphatemia, the focus should be on maintaining kidney function to prevent  
accumulation. IV fluids should be started if the patient can tolerate them. Insulin can shift phosphorus 
into the cells, though it is unclear if this is beneficial. If the patient has kidney failure, consideration 
should be given to dialysis.

	18.	 How	do	you	treat	chronic	hyperphosphatemia?
Chronic hyperphosphatemia as seen with end-stage kidney disease should be treated with phosphorus 
binders. Binders are cationic compounds that bind phosphate anions in the gut and prevent absorp-
tion. One of the first phosphorus binders used was aluminum hydroxide. The use of aluminum  
hydroxide was associated with adynamic bone disease and dementia. Aluminum gave way to  
calcium-based binders, primarily calcium acetate and calcium carbonate. Additional binders include 
sevelamer, lanthanum carbonate, and two iron-based binders: sucroferric oxyhydroxide and ferric  
citrate. All of these have shown efficacy in lowering serum phosphorus. In multiple meta-analyses 
sevelamer has demonstrated a survival advantage over calcium-based binders. However, this finding 
is largely dependent on the positive results of a single large trial, Di Lori’s open-label INDEPENDENT 
Trial. INDEPENDENT showed a huge reduction in cardiovascular mortality with sevelemer (hazard ratio 
[HR] 0.09; total mortality HR 0.23) that other studies were unable to detect.

The use of phosphate binders in CKD is less clear. The drugs appear to be effective and reduce 
both serum phosphorus and 24-hour urine phosphorus; however, vascular calcification, an important 
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surrogate endpoint, actually increased rather than decreased. No randomized trials have demon-
strated survival or improved kidney function through the use of phosphorus binders in CKD.

	19.	 What	is	the	calcium-phosphorus product	and	what	is	its	significance?
The term calcium-phosphorus product (Ca x P) was first coined in 1922 by Howland and Kramer, 
attempting to explain risk factors for children who developed rickets. A few years later, this concept 
was tied to ectopic calcification—calcification that happens outside of bone. It was presumed that 
this simple second-order relationship was representative of intravascular calcification and, conse-
quently, could be tied to outcomes, especially in dialysis patients. Despite ectopic calcification being 
an established risk factor for outcomes in dialysis patients, the calcium-phosphorus product could not 
be established as a risk factor for ectopic calcification, and altering this product did not impact out-
comes. Consequently, this concept has fallen out of favor.

	20.	 Can	IV	calcium	be	given	if	the	phosphorus	is	high?
While the calcium phosphorus product does not represent the relationship of intravascular calcifica-
tion, adding calcium to a patient with hyperphosphatemia does induce ectopic calcification. That  
being said, the risks of acute hypocalcemia including arrhythmia, laryngospasm, and hemodynamic 
compromise outweigh the long-term risks of vascular calcification. So calcium can be given for  
symptomatic hypocalcemia even in the presence of hyperphosphatemia.

	21.	 Do	sodium	phosphate	(Fleet	brand)	enemas	cause	kidney	failure?
Sodium phosphate enemas (SPE), often referred to by the brand name “Fleet,” have been rarely associ-
ated with acute phosphate nephropathy. In a 2012 case series highlighting the negative impact of SPE, 
Ori et al showed acute kidney injury in 11 elderly patients receiving Fleet enemas for constipation. These 
patients presented with severe hyperphosphatemia, hypocalcemia, and hypotension, with one patient 
presenting with a phosphorus level of 45 mg/dL (14.5 mmol/L) and calcium of 2 mg/dL (0.5 mmol/L). 
In a retrospective cohort from the VA system, 70,499 patients receiving either SPE alone, SPE with 
polyethylene glycol (PEG), or PEG alone for colonoscopy prep were analyzed for estimated glomerular 
filtration rate (eGFR) decline. The authors, after an adjusted analysis, indicated that there was a greater 
portion of long-term (.6 months) decline in eGFR in the SPE group over the PEG group, without a 
higher risk of acute drop in eGFR. The pathologic feature of phosphate toxicity is calcium phosphate 
deposition within the tubular cells, the tubular lumen, and the interstitium, leading to obstruction and in-
flammation. The glomeruli are left relatively intact. This has been termed acute phosphate nephropathy.

	22.	 What	about	aluminum-based	binders?
In the early 1970s, aluminum hydroxide was one of the major binders used in the treatment of hyper-
phosphatemia in dialysis patients. It was assumed that most of the aluminum would bind to phospho-
rus and would be excreted in feces; however, aluminum accumulated in the CNS causes dementia, 
and aluminum accumulated in the bone results in osteomalacia and anemia. A more aggressive form 
of this dementia, called dialysis encephalopathy, presents as acute encephalopathy, with seizures and  
sometimes respiratory failure. Currently, the National Kidney Foundation guidelines recommend  
the use of aluminum only in patients who have an elevated phosphorus .7 mg/dL (2.3 mmol/L), 
refractory to other binders, and only for a limited time period (,4 weeks).

 1. Phosphorus is the main component of ATP, the basic energy molecule of all human cells.
 2. Hypophosphatemia is common, but clinically significant hypophosphatemia (,1 mg/dL) is rare, 

manifesting as muscle breakdown, decreased cardiac contractility, CNS dysfunction, lethargy,  
seizures, and death.

 3. There is an increasing amount of inorganic phosphorus in our diets, mostly from preservatives; 
however, intact kidneys maintain phosphate balance.

 4. Patients with acute or chronic kidney disease are highly susceptible to hyperphosphatemia.
 5. Rarely, excessive ingestion overwhelms the kidney’s ability to handle phosphorus; this can be seen 

with sodium phosphate cathartics and enemas.

KEY POINTS
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NORMAL MAGNESIUM PHYSIOLOGY

	 1.	 How	is	magnesium	measured?
The molecular weight of magnesium is 24.3 g/mol, with a 21 valence (Mg21). The normal serum 
magnesium level is 0.7 to 0.85 mmol/L, but it is often expressed as equivalents per liter, 1.4 to 1.7 mEq/L 
(mEq/L 5 mmol/L 3 valence), or in conventional units, 1.7 to 2.1 mg/dL (mg/dL 5 mmol/L 3 molecular 
weight divided by 10). Normal reference levels vary from laboratory to laboratory (Table 77.1).

	 2.	 Where	is	magnesium	found	in	the	body?
The average human body contains a total of 25 g of magnesium, which is roughly equivalent to  
2000 mEq or 1 mole of magnesium. Nearly 99% of this magnesium is intracellular, with just over half 
trapped in bone. Only 1% is extracellular, a third of which (2.6 mmol) is present in plasma (Fig. 77.1). 
Like calcium, only the ionized fraction of magnesium is metabolically active, and represents 55% to 
70% of serum magnesium.

The intracellular magnesium concentration is 10 to 20 mM/L; however, the majority of this  
magnesium is bound to adenosine triphosphate (ATP), while a smaller potion is bound to nucleotides 
and proteins. Only 5% of the cytosolic magnesium (0.5 to 1 mM/L) is unbound.

Table 77.1. Normal Magnesium Levels in Various Units

UNITS NORMAL MAGNESIUM CONCENTRATION

mmol/L 0.7–0.85 mmol/L

mEq/L 1.4–1.7 mEq/L

mg/dL 1.7–2.1 mg/dL

mg/L 17–21 mg/L

Soft tissue
19%

Muscle
27%

Bone
53%

RBC 0.5%Serum 0.3%

Figure 77.1. The distribution of magnesium in the body. 
RBC, Red blood cell.
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	 3.	 What	are	the	roles	of	magnesium?
Magnesium is a critical cofactor for over 600 enzymatic reactions. It maintains the stability of ATP as 
well as the tertiary structure of DNA. Given magnesium’s central role in ATP generation, it should not 
be a surprise that magnesium is important for muscle contraction, relaxation, normal neurological 
function, and release of neurotransmitters. Magnesium also has a role in DNA replication and repair, 
RNA transcription, amino acid synthesis, protein formation, and glucose metabolism.

There is evidence that magnesium has a role in insulin secretion, and some clinical trials have 
shown improved metabolic profiles in diabetics given magnesium supplementation.

	 4.	 What	are	the	primary	nutritional	sources	of	magnesium?
Dietary sources of magnesium are primarily dark leafy vegetables, whole grains, nuts, beans, and 
seafood. A typical Western diet contains less than the FDA recommended 420 mg for males and  
320 mg for women, because the soil in which fruits and vegetables are grown is depleted of magnesium. 
Also, Western diets are rich in refined grains, and as much as 90% of the Mg is lost in processing. 
Hard water is a source of dietary magnesium. Globally, magnesium intake has dropped due to  
increased consumption of processed (refined) grains and increased water softening.

	 5.	 How	does	the	gastrointestinal	(GI)	tract	absorb	and	excrete	magnesium?
Only about a quarter, or 100 mg, of the ingested magnesium is absorbed by the GI tract and the rest 
is excreted. Much of the absorption takes place through passive paracellular transport, driven by an 
electrochemical gradient and solvent drag. There is a second active transport system mediated by 
TPRM 6 and 7 channels (TRPM stands for “transmembrane receptor potential subfamily melastatin”). 
The active magnesium transport becomes more active with low magnesium status and is downregu-
lated with magnesium excess. This active transport system is more active in the terminal ileum and  
proximal colon (Fig. 77.2).

	 6.	 What	is	different	about	kidney	magnesium	handling	from	other	electrolytes?
Unlike most other electrolytes, where absorption takes place in the proximal tubule, magnesium  
reabsorption occurs predominantly at the thick ascending limb of the loop of Henle (TAH). That being 
said, roughly 20% of filtered magnesium is reabsorbed in the proximal tubule. About 70% of the filtered 
magnesium is absorbed in the thick ascending loop of Henle. This occurs through paracellular tight 
junctions down the electrical gradient. The electrical gradient is established by the renal outer medullary 
potassium (ROMK) channel, which allows intracellular potassium to flow into the tubule. Potassium is 
the rate-limiting reagent for the sodium, potassium, two chloride (NK2Cl) channel (Fig. 77.3).
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Figure 77.2. Potassium reabsorbed by the NaK2Cl channel flows back out through the renal outer medullary 
potassium channel, so the net movement of charge is two anions and one cation into the cell leaving the tubular 
fluid with a net positive charge. This charge drives the paracellular reabsorption of magnesium and calcium.
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The kidneys are able to dynamically adjust the reabsorption of magnesium to respond to 
changes in magnesium levels. In the presence of low magnesium, fractional reabsorption of  
magnesium can rise to 99.5%. With magnesium excess, the fractional excretion of magnesium  
can fall to 30%.

	 7.	 What	hormones	regulate	magnesium	levels?
No known hormone has any appreciable effect on renal magnesium handling.

HYPOMAGNESAEMIA

	 8.	 What	is	the	difference	between	hypomagnesemia	and	magnesium	deficiency?
Hypomagnesemia is defined as serum magnesium level less than 1.7 mg/dL (1.4 mEq/L or 0.7 mmol/L). 
However, since serum magnesium represents on 0.3% of total body magnesium, serum magnesium 
may not correspond with total body magnesium. Some patients with normal serum magnesium may 
have signs or symptoms of low magnesium. This is referred to as normomagnesemic magnesium  
depletion and should be considered in patients with risk factors for hypomagnesemia (alcoholics,  
patients with poorly controlled diabetes, or diarrhea), and refractory hypokalemia or unexplained  
hypocalcemia.

	 9.	 How	common	is	hypomagnesemia	and	who	is	at	risk	for	hypomagnesemia?
Hypomagnesemia is found in 10% of hospitalized patients. In the intensive care unit (ICU) this may  
be as high as 60%. Patients at risk include chronically malnourished, alcoholic, and patients with  
diabetes.

	10.	 What	type	of	GI	disorders	lead	to	hypomagnesemia?
GI losses occur with diarrhea and vomiting. Lower GI losses cause more hypomagnesemia due to a 
higher magnesium content in the secretions (up to 15 mEq/L with lower GI compared with 1 mEq/L 
with upper GI losses). This is particularly important in malabsorptive syndromes.
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Figure 77.3. When calcium binds the calcium sensing receptor it slows potassium efflux form the thick ascending limb 
of the loop of Henle cell, lowering the positive tubular charge that drives magnesium and calcium reabsorption, which  
antagonizes the renal outer medullary potassium.



542 ACID-BASE AND ELECTROLYTE DISORDERS

In acute pancreatitis, lipase metabolizes triglycerides to free fatty acids. The fatty acids are 
capped by carboxyl group with a charge of –1. The carboxyl group binds cations, specifically calcium 
and magnesium. The carboxyl complex precipitates out of solution lowering the calcium and magnesium. 
This process is called saponification.

Proton pump inhibitors can cause severe hypomagnesemia. The mechanism has not been fully 
worked out, but it appears that renal magnesium handling is intact and most attention is focused on 
active magnesium absorption by TRPMP6 channels in the terminal ileum and colon. It is hypothesized 
that the higher pH of intestinal secretions with proton pump inhibitor (PPI) decreases TPRM6/7 affinity 
for magnesium. It resolves with discontinuation of the drug but returns with rechallenge.

Primary intestinal hypomagnesemia is a rare congenital hypomagnesemic condition. Patients will 
typically also have renal magnesium wasting, because the molecular defect in the apical magnesium 
channel, TRPM6, is also found in the kidney. The condition has variable inheritance. It typically  
presents in infancy and early childhood but can present in young adults.

	11.	 What	type	of	kidney	disorders	lead	to	hypomagnesemia?
Kidney magnesium losses are increased with increased urine output. This occurs with diuretics,  
osmotic diuresis (as seen in diabetes), excessive intravenous saline, postobstructive diuresis, the  
recovery phase of acute tubular necrosis (ATN), and following a kidney transplant.

Loop diuretics specifically disrupt the NaK2Cl channel needed to generate the positive tubular 
lumen charge that drives magnesium and calcium reabsorption in the TAH. Thiazide diuretics induce 
hypomagnesemia by preventing the distal absorption of magnesium.

Hypercalcemia increases kidney magnesium wasting through a mechanism similar to that of 
loop diuretics. The cells of the TAH have a calcium-sensing receptor (CaSR) on the basolateral membrane. 
When activated, the CaSR antagonizes the ROMK channel, preventing the generation of the positive  
luminal charge that drives magnesium reabsorption (Fig. 77.3).

A number of other drugs can cause hypomagnesemia through increased kidney loss of magnesium, 
including:

 a. Aminoglycosides
 b. Amphotericin B
 c. Pentamidine
 d. Cisplatin
 e. Epidermal growth factor (EGF) monoclonal antibodies
 f. Calcineurin inhibitors

Chronic ethanol abuse causes a kidney magnesium leak. It can take weeks of abstinence to  
reverse this injury. In addition to the kidney leak, these patients often have poor dietary magnesium 
and increased GI losses, which contributes to the hypomagnesemia.

There are numerous inherited magnesium wasting nephropathies; none of them are common. 
The two most well known are Gitelman syndrome and Bartter syndrome.

Gitelman syndrome is an autosomal recessive disorder resulting from an inactivating mutation  
of the thiazide-sensitive sodium chloride cotransporter gene (NCCT) of the distal convoluted tubules. 
These patients present with signs and symptoms of chronic thiazide ingestion, including mild salt 
wasting, volume depletion, hypokalemia, metabolic alkalosis, and hypomagnesemia.

Bartter syndrome is a kidney sodium wasting nephropathy that mimics chronic loop diuretic use. 
It is typically autosomal recessive, though there is an autosomal-dominant form. Patients typically 
have low blood pressure, hypokalemia, metabolic alkalosis, hypocalcemia, and hypomagnesemia.  
The hypomagnesemia tends to be less severe than that seen in Gitelman syndrome.

The congenital kidney magnesium wasting syndromes are summarized in Table 77.2.

	12.	 What	other	conditions	lead	to	hypomagnesemia?
Decreased oral intake by itself is a rare cause of hypomagnesemia, but it can occur, more so in  
combination with other additional risk factors.

Hungry bone syndrome is an uncommon cause of hypomagnesemia. Following prolonged  
hyperparathyroidism, if a patient goes for a parathyroidectomy, it can result in sudden remineralization 
of the demineralized osteoid. This can result in sudden and prolonged consumption of serum electrolytes, 
including calcium, potassium, and magnesium.

	13.	 What	electrolyte	abnormalities	occur	with	hypomagnesemia?
Hypomagnesemia causes modest hypocalcemia. This is presumed to be due to bone resistance to 
parathyroid hormone.
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Hypomagnesemia causes treatment-resistant hypokalemia. Of note, many causes of hypomagnesemia 
also independently cause hypokalemia (diuretics, alcoholism, and chronic diarrhea, etc.), so some  
hypokalemia is not due to the hypomagnesemia, but rather due to the process causing hypomagnesemia. 
It is estimated that 50% of patients with hypokalemia also have a magnesium deficiency, and replacing 
potassium alone will not correct the hypokalemia. Magnesium binds the inner surface of the ROMK 
channel of the cortical collecting duct, limiting potassium efflux. With magnesium depletion, this  
inhibition of potassium efflux is lost, causing increased kidney potassium loss (Fig. 77.4).

	14.	 What	are	the	signs,	symptoms,	and	consequences	of	hypomagnesemia?
Since hypomagnesemia causes hypokalemia and hypocalcemia, all three electrolyte abnormalities 
commonly occur simultaneously. Because of this it is difficult to know if specific manifestations of  
hypomagnesemia are due strictly to the magnesium deficiency or to low calcium, potassium, or a 
mixture. Given that warning, here are the commonly reported manifestations of hypomagnesemia.

Neurologic manifestations are primarily hyperexcitability, which can present as muscle spasms, 
cramps, Trousseau and Chvostek signs, and tremors. Other symptoms include weakness, apathy,  
delirium, convulsions, and coma.

Table 77.2. Congenital Renal Magnesium Wasting Syndromes

SYNDROME INHERITANCE DEFECT PRESENTATION

Gitelman (most  
common)

AR Thiazide-sensitive sodium 
chloride cotransporter 
(SLC12A3)

Children/adolescents/ 
adults with salt wasting, 
hypokalemic metabolic  
alkalosis, and hypocalciuria

Bartter syndrome AR Loop-sensitive sodium, 
potassium, 2Chloride 
channel (Na-K-2Cl)

Neonate/Infancy with salt 
wasting, hypokalemic  
metabolic alkalosis, and 
hypercalciuria

Familial  
hypomagnesemia 
with hypercalciuria 
and nephrocalcinosis 
(FHHNC)

AR Caludin-16 gene Children/adolescent with 
hypercalciuria, recurrent 
nephrocalcinosis, and  
progressive renal failure

Isolated dominant  
hypomagnesemia 
with hypocalciuria

AD Gamma subunit of Na-K-
ATPase pump resulting in 
misrouting

Children with hypomagne-
semia and hypocalciuria 
and no stones

Voltage-gated  
potassium channel

AD Voltage-gated potassium 
channel (KCNA1), which 
interacts with TMRP6

Isolated hypomagnesemia 
and renal magnesium 
wasting

AD, Autosomal dominant; AR, autosomal recessive.
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Figure 77.4. In the distal convoluted tubule and cortical collecting duct, intracellular magnesium decreases the activity of 
the ROMK channel slowing potassium efflux. Hypomagnesemia can lower intracellular magnesium levels enough that this 
inhibition is lost, increasing renal potassium loss.
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Cardiovascular manifestations begin with widened QRS and peaked T-waves, and then  
progress to prolonged PR interval, further widening of the QRS, and loss of the T-waves with worsening 
hypomagnesemia. Atrial and ventricular arrhythmias including torsades de pointes are possible.

In retrospective analysis, low magnesium has been associated with increased mortality in  
multiple clinical scenarios, including ICU, general medicine wards, and in dialysis patients. Though this 
signal is seen even with controlling for severity of illness, prospective studies have not been done to 
show a decrease in mortality with replacing magnesium.

	15.	 How	should	one	approach	the	diagnosis	of	hypomagnesemia?
For most cases of hypomagnesaemia, the etiology can be elicited from a thorough history—focusing 
on diet, bowel habits, medications, comorbidities, diabetic control, and alcohol intake.

Additional testing includes the fractional excretion of Mg (FeMg; Equation 77.1). The serum  
magnesium is multiplied by 0.7 to account for the 30% of serum magnesium that is protein bound 
and not filtered at the glomerulus.
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Normal values were established in patients with preserved kidney function in the setting of 
normal and low serum magnesium levels. Typical levels of FEMg were provided by Elisaf in a study of 
216 patients (142 with normal magnesium and 74 with low magnesium of mixed etiologies). There 
was good separation of kidney wasting from extrarenal wasting in the study (Table 77.3).

A fractional excretion of magnesium over 4% is typical for kidney magnesium wasting, though 
some references say 3% and others 2%.

Twenty-four-hour urine for magnesium can also be done. Urine magnesium should be less than 
24 mg in the absence of treatment and extrarenal magnesium loss. If there is a magnesium kidney 
loss, the urinary magnesium will be greater than 24 mg.

	16.	 How	should	hypomagnesemia	be	treated?
Patients with severe symptomatic hypomagnesemia (i.e., seizures, tetany, or arrhythmia) need  
intravenous (IV) magnesium. One to 2 g of magnesium sulfate (8 to 17 mEq of magnesium) can be 
given by rapid IV push in patients in cardiac arrest or over an hour in patients with a pulse. This 
should be followed by a longer, slow infusion of another 4 to 8 g (33 to 66 mEq) of magnesium over 
24 hours. This continuous infusion can be repeated safely for up to 3 consecutive days in order to  
ensure adequate repletion of intracellular and bone stores. Doses should be lowered in chronic kidney 
disease. Intravenous magnesium inhibits magnesium reabsorption in the loop of Henle, so patients 
will have increased kidney magnesium wasting during treatment. Up to 50% of infused magnesium 
will be excreted within a day of the infusion.

Magnesium sulfate increases kidney losses of potassium. This can exacerbate hypokalemia, so 
concomitant therapy with potassium should be considered. In addition, magnesium sulfate can lower 
ionized calcium.

Patients with asymptomatic or mildly symptomatic hypomagnesemia can be treated with oral 
magnesium replacement. Patients should be prescribed 240 to 1000 mg of elemental magnesium 
daily, in divided doses. Oral magnesium can cause diarrhea, worsening the hypomagnesemia, so the 
dose needs to be adjusted to avoid this side effect. See Table 77.4 for a list of oral magnesium 
preparations.

Patients who cannot tolerate oral magnesium can be replaced with intravenous magnesium. 
Doses range from 1 to 8 g over 12 to 24 hours, depending on the severity of hypomagnesemia  
(Table 77.5).

Table 77.3. Fractional Excretion of Magnesium, Interpretation

CONDITION AVERAGE RANGE

Normal magnesium level 1.8% 0.5%–4%

Renal magnesium wasting 15%     4%–48%

Extrarenal magnesium wasting 1.4%    0.5%–2.7%

[Equation 77.1]
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HYPERMAGNESEMIA

	17.	 What	is	the	definition	and	prevalence	of	hypermagnesemia?
Hypermagnesemia occurs when serum magnesium rises over 2.1 mg/dL (1.75 mEq/L or 0.86 mmol/L). 
Hypermagnesemia is less common than hypomagnesemia. Nearly all hypermagnesemia goes  
undiagnosed. In a study of magnesium levels in 1179 consecutive blood samples sent for electrolytes 
among hospitalized patients, 59 (5.7%) had a magnesium level over 2.4 mg/dL (0.99 mmol/L), but a 
magnesium was requested in only 7 of those 59. Studies of outpatients in the community have  
shown rates from 3% to 10%, depending on the population and magnesium level used to define  
hypermagnesemia.

Hypermagnesemia is more common in patients with ESRD. In a screening of 101 asymptomatic 
dialysis patients, ingestion of as little as 281 mg of magnesium resulted in hypermagnesemia.

Though biochemical hypermagnesemia is rare, it is generally well tolerated, and symptomatic 
hypermagnesemia is quite unusual.

	18.	 What	condition	is	either	the	sole	cause	or	an	important	contributor	to	hypermagnesemia?
Almost all cases of hypermagnesemia have kidney failure as the primary or contributing etiology. The 
kidney is able to ramp up excretion of magnesium by minimizing magnesium reabsorption, so in most 
cases of clinically significant hypermagnesemia, there is a component of chronic kidney disease (CKD). 
In addition to CKD, there is usually another inciting event: increased GI intake, IV infusion, or cell  
destruction.

	19.	 Explain	how	increased	magnesium	intake	can	be	a	cause	of	hypermagnesemia.
Magnesium is an active ingredient in multiple laxatives and antacids. Epsom salt is magnesium  
sulfate. It can be taken as an enema or orally. Epsom salts are a folk remedy for a variety of ailments 
from abdominal pain (it is an effective cathartic) to cerebral edema (ineffective) to halitosis (unable to 
find convincing blinded analysis). One tablespoon of Epsom salt contains approximately 35 g of  
magnesium sulfate, which is 3.4 g of elemental magnesium.

Table 77.5. Empirical Treatment of Hypomagnesemia

SEVERITY
SERUM MAGNESIUM  

CONCENTRATION (MG/DL)
IV MAGNESIUM REPLACEMENT 
DOSEa,b

Mild to moderate 1.0–1.5 8–32 meq magnesium (1–4 g magnesium 
sulfate), up to 1.0 meq/kg

Severe ,1.0 32–64 meq magnesium (4–8 g magnesium 
sulfate), up to 1.5 meq/kg

aIn patients with normal renal function; patients with renal insufficiency should receive #50% of the initial 
empirical dose. Maximum rate of infusion 5 8 meq magnesium per hour (1 g magnesium sulfate per hour), 
up to 100 meq magnesium (approximately 12 g magnesium sulfate) over 12 hours if asymptomatic; up to  
32 meq magnesium (4 g magnesium sulfate) over 4–5 minutes in severe symptomatic hypomagnesemia.  
1 g magnesium sulfate 5 8.1 meq magnesium.

bThe authors suggest using adjusted body weight (AdjBW) in patients who are significantly obese (weight of 
.130% of ideal body weight [IBW] or have a body mass index of $30 kg/m2): AdjBW (men) 5 ([wt (kg) – 
IBW (kg)] 3 0.3) 1 IBW; AdjBW (women) 5 ([wt (kg) – IBW (kg)] 3 0.25) 1 IBW.

Originally published in Kraft, M. D., Btaiche, I. F., Sacks, G. S., et al. (2005). Treatment of electrolyte disorders in 
adult patients in the intensive care unit. American Journal of Health-System Pharmacy, Inc. 62(16), 1663-1682. 
All rights reserved. Reprinted with permission. (R1707).

Table 77.4. Oral Magnesium Preparations

DRUG ELEMENTAL MAGNESIUM

Magnesium oxide (Uro-Mag) 84.5 mg | 7.0 mEq | 3.5 mmol

Magnesium chloride (Slow-Mag) 71.0 mg | 6.0 mEq | 3.0 mmol

Magnesium l-lactate (MAG-TAB SR) 84.0 mg | 7.0 mEq | 3.5 mmol

Magnesium aspartate 65.0 mg | 5.4 mEq | 2.7 mmol
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IV magnesium leads to hypermagnesemia. Magnesium is the most common agent used to treat 
eclampsia and preeclampsia. Patients are typically loaded with 4 g of IV magnesium sulfate, followed 
by an infusion of 1 to 2 g/h. This typically produces stable magnesium levels of 6 to 8.5 mg/dL (2.5 to 
3.5 mmol/L). Most clinicians do not follow biochemical levels, but screen for toxicity by checking the 
patellar reflex. Loss of the reflex occurs at magnesium levels above 8.5 mg/dL (3.5 mmol/L). Magnesium 
for eclampsia and preeclampsia can occasionally cause a solute diuresis.

The intracellular concentration of magnesium is roughly 10 to 20 times as high as the extracellular 
concentration. Cell lysis due to rhabdomyolysis, infarction, or hemolysis releases intracellular magnesium, 
causing hypermagnesemia.

	20.	 What	types	of	kidney	conditions	cause	hypermagnesemia?
Since the kidney is responsible for clearing magnesium absorbed from the GI track, and the body  
has limited ability to regulate GI absorption, decreased kidney function (either acute or chronic) is an 
important cause of hypermagnesemia. Among hemodialysis patients, hypermagnesemia was associated 
with a daily magnesium intake greater than 281 mg (less than the RDA of magnesium: 420 mg for 
men, 320 mg for women).

In addition to generalized decreases in glomerular filtration rate (GFR), familial hypocalciuric  
hypercalcemia is a tubular disorder associate with modest hypermagnesemia. Hypocalciuric hypercal-
cemia is an autosomal dominant loss-of-function mutation of the CaSR. The abnormal CaSR is less 
responsive to serum calcium, so higher calcium concentrations are needed to suppress PTH and shut 
down calcium and magnesium reabsorption in the TAL (see Fig. 77.3).

	21.	 How	does	hypermagnesemia	present?
Hypermagnesemia decreases neuromuscular transmission. The first sign will typically be diminished 
deep-tendon reflexes (DTR), followed eventually by complete loss of DTR. As the magnesium level 
rises, patients develop progressive somnolence, paralysis, and ultimately apnea.

Cardiovascular effects occur due to magnesium acting as both a calcium and potassium channel 
antagonist. This leads to PR, QRS, and QT prolongation presenting as bradycardia and hypotension. 
Ultimately, hypermagnesemia can cause complete heart block and cardiac arrest.

Magnesium is tightly linked to calcium metabolism. Hypermagnesemia inhibits parathyroid  
hormone (PTH) release, leading to mild hypocalcemia; this may be of little consequence but can 
worsen QT prolongation and compound cardiac arrhythmia.

Table 77.6 has a summary of signs and symptoms according to severity of hypermagnesemia.

	22.	 How	is	hypermagnesemia	treated?
The best way to treat hypermagnesemia is preventing it from happening in the first place. Avoid  
magnesium-containing products in patients with CKD or those with AKI. Also, patients receiving  
magnesium infusions should be monitored regularly.

Treatment in patients with preserved kidney function or only mild CKD is primarily stopping all 
magnesium-containing medications and initiating intravenous fluids with normal saline. The addition 
of loop diuretics can further assist with kidney magnesium clearance.

Table 77.6. Symptoms of Hypomagnesemia Based on Serum Magnesium Level

MAGNESIUM 
LEVEL NEUROMUSCULAR CARDIOVASCULAR ELECTROLYTE OTHER

4–6 mEq/L  
4.8–7.2 mg/dL

Diminished DTR Flushing from vasomotor 
dilation, PR interval 
prolongation and QRS 
interval prolongation

Nausea,  
vomiting

6–10 mEq/L 
7.2–12 mg/dL

Loss of DTR Hypotension,  
bradycardia,

Hypocalcemia, 
suppression of PTH

Somnolence

.10 mEq/L 

.12 mg/dL
Paralysis, respiratory 
depression, apnea

AV dissociation,  
complete heart block, 
cardiac arrest

Coma

DTR, Deep-tendon reflexes.
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If the patient has severe CKD and significant symptomatic hypermagnesemia, the primary therapy 
is hemodialysis. IV calcium can be given to reverse the neuromuscular and cardiovascular effects of 
magnesium while preparing for hemodialysis.

	23.	 What	is	the	relationship	between	multifocal	atrial	tachycardia	(MAT)	and	magnesium?
MAT is a type of atrial tachycardia where the P-wave originates from multiple foci in the atrium,  
outside of the sinoatrial node. This results in multiple morphologies of the P-wave. IV magnesium is 
considered an effective therapy for MAT, especially when associated with hypomagnesemia.

	24.	 Is	there	an	association	between	hypomagnesemia	and	diabetes?
Magnesium has been linked to glycemic control in diabetic patients. Hypomagnesemia is common in 
patients with diabetes, occurring in 13% to 47% of diabetic, nonhospitalized patients. Magnesium 
tends to go down as glycemic control worsens. Hypomagnesemia has been linked to reduced insulin 
sensitivity, and supplementing magnesium in type 2 diabetic patients has been shown to improve  
insulin sensitivity and metabolic control. No major diabetic institutions have made any recommendations 
for chronic or routine magnesium supplementation in diabetic patients.

	25.	 What	is	the	role	of	magnesium	is	asthma?
There is a role for IV magnesium in status asthmaticus. A Cochrane meta-analysis revealed that magnesium 
is beneficial in patients with severe asthma exacerbations, resulting in reduced admissions and improved lung 
function. Typical protocols call for a rapid infusion of 1.2 to 2 g over a 15 to 30 minutes period.

	26.	 Is	magnesium	useful	in	myocardial	infarction?
Magnesium causes systemic and coronary vasodilation, platelet inhibition, and has antiarrhythmic  
effects. Consequently, it seems like an ideal agent in the setting of acute myocardial infarction (AMI). 
The LIMIT-2 trial, published in the Lancet in 1992, randomized more than 2000 patients suspected to 
have AMI to either placebo or IV magnesium infusion. This randomized, double-blind, controlled trial 
demonstrated a mortality benefit, with 24% relative risk reduction when magnesium was used over a 
placebo. Magnesium supplementation consisted of 8 mmol over 5 minutes followed by 65 mmol over 
24 hours. In the angioplasty era, the data seems less promising. In 2002, the MAGIC trial, published  
in the Lancet randomized over 6000 patients with ST elevation myocardial infarct (STEMI) to either 
placebo or a rapid (2 g over 15 minutes) followed by a slow (17 g of 24 hours) magnesium infusion. 
Both groups underwent percutaneous coronary intervention. There was no significant  
difference in the 30-day all-cause mortality between the two groups.

 1. Unlike other electrolytes that are primarily reabsorbed in the proximal tubule, magnesium is primarily 
reabsorbed in the thick ascending limb of the loop of Henle.

 2. Conditions associated with increased urine output predispose to low magnesium. This includes  
diuretics, IV fluids, and poorly controlled diabetes.

 3. Low magnesium causes other electrolytes to fall. Hypomagnesemia can cause hypokalemia and 
hypocalcemia.

 4. Hypermagnesemia is usually only found with renal failure, either acute or chronic.
 5. Increased magnesium causes decreased deep tendon reflexes and can ultimately cause muscle 

weakness and respiratory arrest.

KEY POINTS
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METABOLIC ACIDOSIS
The “secrets” of metabolic acidosis will be the emphasis of this chapter, given the breadth of this topic. 
This chapter is parsed into, first, a brief overview of relevant physiology and, second, an algorithmic,  
clinically relevant approach to the metabolic acidosis. The final section of the chapter will discuss, in more 
detail, specific examples of this diverse group of metabolic abnormalities.

BACKGROUND AND KEY PHYSIOLOGY

	 1.	 The	difference	between	acidemia	and	acidosis.
Acidemia describes the concentration of hydrogen ions ([H1]) in plasma; thus it includes all conditions 
where [H1] in plasma is higher than the values observed in normal subjects (40 6 2 nmol/L, or a 
pH less than 7.38). Acidemia has two general causes, and this leads to the concept of acidosis. An 
acidosis is any process by which there is increased [H1] and a decrease in the concentration and/or 
the content of bicarbonate (HCO3

2) in the extracellular fluid (ECF) compartment. As noted previously, 
there are two general processes whereby [H1] is increased in plasma. First, there may be a high 
carbon dioxide tension in arterial blood (i.e., the PaCO2—called a respiratory acidosis) or, second, a 
high [H1] in plasma from a low bicarbonate (called metabolic acidosis). Notably, an acidosis does 
not necessarily mean there is an acidemia. This is because there may be multiple processes—of 
metabolic or respiratory origin—that cause [H1] in plasma to fall despite there being an identified 
metabolic acidosis.

	 2.	 What	is	metabolic	acidosis?
A metabolic acidosis is a metabolic process resulting in increased [H1]; there are two main etiologies:

 A. The addition of an acid (Fig. 78.1, shift in equation 1 from left to right)
 B. The loss of HCO3, usually with sodium (Na1) (NaHCO3), or potassium (K1), or both (see Fig. 78.1, 

shift in equation 3 from right to left).

	 3.	 What	risks	does	metabolic	acidosis	entail	for	the	patient?
The risks that metabolic acidosis pose to the patient arise from multiple mechanisms:
• There is risk engendered by the underlying disorder responsible for the metabolic acidosis (e.g., 

shock).
• There are the adverse effects of high [H1] (binding of H1 to intracellular proteins in vital organs 

(e.g., brain and heart; see equation 2 in Fig. 78.1), as well as possible dangers associated with the 
anions that accompany the H1 load (e.g., chelation of ionized calcium during citric acidosis).

• There are risks from toxins produced in the metabolic process that lead to the production of these 
acids (e.g., formaldehyde produced during the metabolism of methanol to formic acid or glycoalde-
hyde produced during metabolism of ethylene glycol to glycolic acid) or as a marker of a serious 

Anion(1) Acid �H�

PTH-H�(2) Protein0�H�

CO2(3) HCO3
�� H2O�H�

Figure 78.1. Buffer systems to remove a H1 load. Although equations 2 and 3 describe buffer systems to remove 
H1 in terms of chemistry of this process, there is a different emphasis in physiologic terms. In this context, flux through 
equation 2 must be minimized. This occurs if these added H1 are forced to bind to bicarbonate (HCO3

2) by lowering the 
PCO2 in capillaries of skeletal muscles (equation 3) where this buffer system is most abundant, thereby pulling equation 
3 to the right, which lowers the concentration of H1 in plasma and minimizes binding of H1 to intracellular proteins in 
vital organs (e.g., brain and heart).
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metabolic threat (e.g., production of pyroglutamic acid after overdoses of acetaminophen, as this 
indicates depletion of the reduced form of glutathione—the protein that scavenges reactive oxygen 
species).

	 4.	 What	are	the	benefits	of	metabolic	acidosis?
It should also be recognized that there may be benefits from metabolic acidosis. Most importantly,  
the Bohr effect leads to a shift of the hemoglobin-O2 dissociation curve to the right, leading to more 
unloading of O2 to tissues. Whatever adverse effects occur as the result of acidosis, treatment of 
metabolic acidosis is not necessarily beneficial, particularly when acute. Administration of sodium  
bicarbonate may not lead to the expected benefit and can itself lead to adverse effects.

	 5.	 What	is	the	bicarbonate	buffer	system	(BBS)?
To minimize binding of H1 to intracellular proteins, another process must prevent [H1] from rising, 
despite the H1 load. This occurs if added H1 are forced to bind to bicarbonate (HCO3

2), the predominant 
extracellular buffer (see Fig. 78.1, equation 3), and this illustrates the BBS. The vast majority of HCO3

2 
is in skeletal muscle. If the BBS in skeletal muscle is not appropriately titrating, and therefore removing 
H1 in a patient with metabolic acidosis, acidemia will be more pronounced, and more of the H1 load 
will be titrated in vital organs (e.g., brain and heart; Fig. 78.2). Critically, for the BBS to function there 

Skeletal muscle buffers
most of the H�

Few H� bind to
proteins in brain cells

High blood
flow rate �
low venous

PCO2

PTN • H�

CO2 HCO3
�

CO2

Usual blood
flow rate �
low venous

PCO2

PTN • H�

CO2

HCO3
�

CO2

[H�]

Skeletal muscle BBS cannot function;
hence more H� bind to proteins

The BBS in brain cells fails so H�

bind to proteins in the brain

Low blood flow rate �
high venous PCO2
and this amputates

the BBS

PTN • H�

CO2 HCO3
�  � H�

Failure of cerebral
autoregulation � low
blood flow rate, high

venous PCO2

PTN • H�

CO2

HCO3
�

CO2

[H�]

Figure 78.2. Physiology of the bicarbonate buffer system (BBS). Skeletal muscle cells are shown to the left and brain
cells to the right; because the brain is one-twentieth the size of muscle, it has far less intracellular fluid (ICF) and therefore
less HCO2

3 . When the extracellular fluid (ECF) volume is low, the PCO2 in the venous blood draining muscle is high. This
minimizes the removal buffering of H1 by the BBS in its ECF and ICF. As a result, the [H1]plasma rises and more H1 will be
removed in brain cells. As the cerebral blood flow rate is autoregulated, the PCO2 in the jugular venous blood draining the
brain will change minimally, and hence the BBS in the brain will still function to titrate the H1 load. Furthermore, if the
degree of ECF volume contraction is severe, cerebral autoregulation fails and the blood flow to the brain falls. Hence
the PCO2 in brain cells will rise and more H1 will bind to proteins in brain cells. In contrast, when intravenous saline is
administered, blood flow to skeletal muscle rises, its venous PCO2 should fall, and more H1 are removed by its BBS.
As a result, the [H1]plasma falls and H1 will be released from proteins in brain cells.
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must be a low concentration of carbon dioxide (CO2) in capillaries around skeletal muscle; in other 
words, equation 3 must maintain its rightward direction (i.e., Fig. 78.1, equation 3).

	 6.	 How	do	you	assess	the	adequacy	of	the	BBS?
A high tension of capillary CO2 within skeletal muscle will lead to a failure to maintain rightward shift 
(equation 3 in Fig. 78.1), thus extinguishing the BBS. CO2 tension within muscle capillaries can be assessed 
with a venous blood gas (VBG). This is because the PCO2 in capillaries of skeletal muscle reflects the PCO2 
in its cells and interstitial space; further, there is no CO2 added once the blood leaves the capillaries and 
enters the veins. The secret here is that if the partial pressure of carbon dioxide in the venous effluent 
(PvCO2) is high, the BBS in skeletal muscle is less effective (i.e., the rightward direction of equation 3 is 
blunted). Acidemia will be more pronounced, as more of the H1 load will be titrated in vital organs.

	 7.	 What	are	the	major	reasons	for	a	high	PvCO2?
The PvCO2 is essentially the summation of the arterial PCO2 (PaCO2) entering the capillaries and the 
CO2 added by cellular metabolism. At the usual blood flow rate at rest, this results in a brachial PvCO2 
of 46 mm Hg, assuming a normal input arterial PaCO2 of 40 mm Hg. Accordingly, the reasons for a 
high PvCO2 are due to either a high PaCO2 (i.e., respiratory suppression/failure), which raises the 
lowest possible value for PvCO2, and/or a slow blood flow rate to muscle (e.g., poor perfusion states 
such as evolving shock). The reason that diminished tissue perfusion raises PvCO2 is outlined as follows:

 1. When capillary blood flow falls, tissue oxygen consumption remains constant.
 2. Constant oxygen consumption leads to constant CO2 production (as related by the respiratory 

quotient; i.e., 0.7 to 1.0 mmol of CO2 will be formed per mmol of O2 consumed).
 3. Despite constant CO2 production, in the context of low flow, there is relatively more CO2 added to 

each liter of blood volume; consequently, PvCO2 rises.

CLINICALLY RELEVANT APPROACH TO A PATIENT  
WITH METABOLIC ACIDOSIS

	 8.	 What	is	the	general	approach	to	metabolic	acidosis	evaluation?
Metabolic acidosis can be thought of as comprising two major subgroups: one underpinned by the  
addition of [H1] and the other driven by the loss of NaHCO3. The distinction here is generally guided 
by the calculation of the anion gap. Prior to this, however, it is prudent to identify and manage underlying 
threats to the patient’s life consequent to the acidosis. In addition, therapy for the acidosis may  
unmask adverse effects that should be anticipated. Examples will be considered later on in this  
chapter, during the discussion of specific disorders. Lastly, when able, assess the adequacy of the 
BBS by comparing the arterial and venous tensions of CO2. Therapy directed at lowering arterial 
PaCO2 should be instituted if there is concomitant respiratory failure, and tissue perfusion should be 
enhanced if there is a gradient (i.e., more than 10 mm Hg) between the PaCO2 and PvCO2. As noted 
previously, lowering the venous and therefore capillary CO2 shifts equation 3 rightward. In this way, 
bicarbonate rather than tissue proteins buffer the excess protons. The initial steps in our clinical  
approach to the patient with metabolic acidosis are illustrated in Fig. 78.3.

	 9.	 How	do	you	calculate	the	anion	gap?
The presence of new anions in plasma can be detected with the calculation of the PAnion gap.

Electroneutrality requires that Na1 1 unmeasured cations (UC) 5 Cl2 1 HCO3
2 1 unmeasured 

anions (UA). Actually, almost everything is measured, but for simplicity’s sake we pretend that the 
potassium, calcium, phosphate, and others are not.

Then, rearranging, Na1 – Cl2 – HCO3
2 5 UA – UC 5 anion gap. Assuming some usual normal 

values, 140 – 104 – 24 5 12 (normal range 6 to 12). The major UA is albumin—about 3 mEq 
negative charge for each g/dL. So with normal albumin concentration of 4.0 g/dL, it contributes 12 mEq/L, 
roughly equal to the anion gap. From that equation, it can be seen that an increase in the anion gap is 
due to an increase in the UA (e.g., lactate) and/or a decrease in the UC (e.g., globulins).

Accordingly, the baseline value of the PAnion gap must be adjusted for the PAlbumin. A rough guide 
for correcting the baseline value of PAnion gap for PAlbumin is that at PAlbumin of 4.0 g/dL (40 g/L), the 
PAnion gap is 12 mEq/L; hence for every 1.0 g/dL (10 g/L) decrease in PAlbumin, the PAnion gap will be lower 
by ,3 mEq/L. The converse is true for a rise in the PAlbumin (Box 78.1).

	10.	 In	a	patient	with	an	increased	anion-gap	metabolic	acidosis,	what	is	the	cause	of	overproduction	
of	acids?
A list of the causes of metabolic acidosis is provided in Box 78.2, and a clinical approach to the 
diagnosis of the cause of metabolic acidosis is summarized in Fig. 78.4.
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Metabolic acidosis
Is there a major threat in this patient?

Yes
Proceed to the right

side after this evaluation

Before therapy:
• Hemodynamic

emergency
• Cardiac arrhythmia
• Respiratory failure
• Toxins
• Metabolic/nutrition

issues

After therapy:
• Shift K� into cells
• Pulmonary edema
• Cerebral edema

in DKA
• Thiamin deficiency
• Rapid correction of

chronic hyponatremia

Ventilation:
Assess with
the arterial

PCO2

In muscle:
Assess with
the brachial

venous
PCO2

No
Is buffering adequate

by the BBS?

Figure 78.3. Initial steps in the clinical approach to a patient with metabolic acidosis. When the extracellular fluid 
(ECF) volume is significantly contracted, one must use a definition of metabolic acidosis that is based not only on the 
PHCO3

 but also on the content of HCO3
2 in the ECF compartment. Our initial step is to determine threats for the patient that 

may be present and anticipate those that may develop during therapy (left side of the flow chart). The next step is to 
assess buffering by the bicarbonate buffer system (BBS) in both the ECF and intracellular fluid of skeletal muscle by 
measuring brachial or femoral venous PCO2. DKA, Diabetic ketoacidosis.

Box 78.1. Abbreviations and Normal Values in Plasma

pH: 7.40 6 0.02
[H1]: 40 6 2 nmol/L
[HCO3

2] in plasma (PHCO3): 25 6 2 mmol/L
Arterial PCO2: 40 6 2 mm Hg
Brachial venous PCO2: ,10 mm Hg higher than the 
arterial PCO2.
Albumin in plasma (PAlbumin): 4.0 g/dL or 40 g/L. 
Accounts for ,12 mEq/L of the anionic charge in plasma.

Anion gap in plasma (PAnion gap): 12 6 2 mEq/L (must 
adjust for the valence from the PAlbumin)
Henderson equation: [H1] (nmol/L) 5 PCO2 (mm Hg) 3 
(25 or 24)/ PHCO3
To make the mathematics easier at the bedside, one 
can use 25 or 24 as the constant.

Box 78.2. Causes of Metabolic Acidosis

Acid Gain
With retention of anions in plasma:
 1. l-lactic acidosis
 A. Due predominantly to overproduction of l-lactic 

acid
Hypoxic lactic acidosis
Inadequate delivery of O2 (cardiogenic shock, 

shunting of blood past organs [e.g., sepsis], or 
excessive demand for oxygen [e.g., seizures])

Increased production of l-lactic acid in absence 
of hypoxia

Overproduction of NADH and accumulation of 
pyruvate in the liver (e.g., metabolism of  
ethanol plus a deficiency of thiamin)

Decreased pyruvate dehydrogenase activity  
(e.g., thiamin deficiency, inborn errors of  
metabolism)

Compromised mitochondrial electron transport  
system (e.g., cyanide, riboflavin deficiency, inborn 
errors affecting the electron transport system)

Excessive degree of uncoupling of oxidative 
phosphorylation (e.g., phenformin)

 B. Due predominantly to reduced removal of 
l-lactate: liver failure (e.g., severe acute viral 
hepatitis, shock liver, drugs)

 C. Due to a combination of reduced removal and 
overproduction of l-lactic acid
Antiretroviral drugs (inhibition of mitochondrial 

electron transport plus hepatic steatosis)
Metastatic tumors (especially large tumors with 

hypoxic areas plus liver involvement)
 2. Ketoacidosis (diabetic ketoacidosis, alcoholic  

ketoacidosis, hypoglycemic ketoacidosis including 
starvation, ketoacidosis due to a large supply of 
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Box 78.2.  Causes of Metabolic Acidosis (Continued)

short-chain fatty acids [i.e., acetic acid from  
fermentation of poorly absorbed carbohydrate plus  
inhibition of acetyl-coenzyme A carboxylase])

 3. Kidney insufficiency (metabolism of dietary sulfur-
containing amino acids and decreased kidney  
excretion of NH4

1)
 4. Metabolism of toxic alcohols (e.g., formic acid from 

metabolism of methanol, glycolic acid, and oxalic 
acid from metabolism of ethylene glycol)

 5. d-lactic acidosis (and other organic acids produced 
by gastrointestinal bacteria)

 6. Pyroglutamic acidosis
With a high rate of excretion of anions in urine:
 1. Glue sniffing (hippuric acid overproduction)
 2. Diabetic ketoacidosis with excessive ketonuria

NaHCO3 Loss
Direct loss of NaHCO3:
 1. Via the GI tract (e.g., diarrhea, ileus, fistula)
 2. Via the urine (proximal renal tubular acidosis or low 

carbonic anhydrase II or IV activity)
Indirect loss of NaHCO3 (low urinary NH4

1 secretion):
 1. Low glomerular filtration rate

 2. Renal tubular acidosis
 A. Low availability of NH3 (urine pH ,5) 5 problem 

in PCT ammoniagenesis: hyperkalemia, alkaline 
pH in PCT cells

 B. Defect in net distal H1 secretion (urine pH 
often ,7):
H1 ATPase defect or alkaline a-intercalated 

cells (a number of autoimmune disorders or 
disorders with hypergammaglobulinemia; 
e.g., Sjögren syndrome)

H1 back-leak (e.g., amphotericin B)
HCO3 secretion in the collecting ducts (e.g., a 

molecular defect in the Cl-/HCO3
2 anion 

exchanger leading to its mistargeting to the 
luminal membrane of a-intercalated cells, 
as in some patients with Southeast Asian  
ovalocytosis)

 C. Problem with both distal H1 secretion and 
medullary NH3 (urine pH ,6): Diseases 
involving the kidney interstitial compartment 
(e.g., sickle cell disease)

PCT, Proximal convoluted tubule.

Metabolic acidosis
Severe acidemia over a short period of time?

• Hypoxic lactic
acidosis

• Ingestion of an
ethanol in
patients with
thiamin deficiency

• Ingestion of an 
acid

New anions
in plasma?

Is NH4
�

excretion high?
Is the ECFV

very low?

Yes No

No Yes

Not Cl:
• Hippurate
• Ketoacid

anions

Cl:
• Diarrhea

What anion
is excreted
with NH4

�?

• RTA

Yes No

High POsm
gap?

• Renal
insufficiency

Very low
GFR?

• Diabetic KA
• Alcoholic KA

NoYes

NoYes

• Menthol
• Ethylene glycol

• Ingested acids
• D-lactic acidosis
• Non-hypoxic L-lactic acidosis

NoYes

Figure 78.4. Clinical approach to the diagnosis of the cause of metabolic acidosis. ECFV, Extracellular fluid volume; 
GFR, glomerular filtration rate; KA, ketoacid anions; RTA, renal tubular acidosis.
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A secret heuristic for the causes of an elevated anion gap is “KULT”:
• Ketones (diabetic, fasting and alcoholic ketoacidosis)
• Uremia (with retained phosphate and sulfate and others)
• Lactate (e.g., with hypoxia and septic shock)
• Toxic ingestions (especially ethylene glycol and methanol)

While ketones are typically detected from the clinical history, a secret is that ketonuria may not 
be detected on a standard urinalysis if there is a high NADH/NAD ratio (e.g., contaminant, ethanol  
intake). The reason is that beta-hydroxybutyrate (BHB) is favored when NADH is abundant, and BHB is 
not detected by the nitroprusside test, which is the urinalysis-based assay. The next test to be sought 
is the venous lactate measurement. When a VBG is available, also take note of the PvCO2, as noted 
previously. Lastly, consider assessing for toxic ingestions by calculating a serum osmolal gap  
(POsmolal gap). This will determine whether new uncharged particles are present in plasma:

POsmolal gap osm Glucosemeasured P (P� � � PP 2 P ), all in mmol/L units.Urea Na�

However, as the toxic alcohols ethylene glycol and methanol are metabolized to oxalate and  
formic acid, the osmolal gap falls as the anion gap rises. Early after ingestion, before metabolism has 
occurred, the osmolal gap is present. Subsequently, metabolism leads to a rising anion gap such that 
the time of the peak for both anion and osmolal gaps may not coincide (Table 78.1).

	11.	 Is	there	a	reproducible	quantitative	relationship	between	the	fall	in	[HCO3
2]	and	the	rise	in	the	

PAnion	gap	in	all	patients	with	metabolic	acidosis?
The relationship between the rise in the PAnion gap and the fall in the concentration of bicarbonate 
[HCO3

2] is used to detect the presence of coexisting metabolic alkalosis in a patient with metabolic 
acidosis (i.e., the rise in PAnion gap is larger than the fall in [HCO3

2]) and/or the presence of both an acid 
overproduction type and a NaHCO3 loss type of metabolic acidosis (i.e., the rise in PAnion gap is smaller 
than the fall in [HCO3

2]). It must be recognized, however, that this relationship uses concentration 
rather than content terms and therefore will underestimate the magnitude of the HCO3

2 deficit if there 
is significant contraction of the ECF. That is, diminished ECF volume will suggest an underlying alkalo-
sis (i.e., a process that is increasing the content of bicarbonate), when in fact there is none. This carries 
clinical relevance in bicarbonate-wasting metabolic acidosis, because the provision of bicarbonate-free 
fluid resuscitation may lead to a rapid, unexpectedly large fall in [HCO3

2] and unmask a severe metabolic 
acidosis, described as follows under specific disorders (e.g., diarrhea; see Table 78.1).

Table 78.1. Laboratory Tests in the Diagnosis of Metabolic Acidosis

QUESTION PARAMETER ASSESSED TOOLS TO USE

Is the content of HCO3
2 low in the 

ECF?
ECF volume Hematocrit or total 

plasma proteins

Have new acids accumulated? Appearance of new anions in the 
body or the urine

PAnion gap

Urine anion gap

Are toxic alcohols present? Detect alcohols as unmeasured  
osmoles

POsmolal gap

Is the renal response to acidemia 
adequate?

Examine the rate of excretion of 
NH4

1
Urine osmolal gap

If NH4
1 excretion is high, which anion 

was excreted?
GI loss of NaHCO3

Acid added, but its new anions are 
excreted

Urine Cl2 is high
Urine anion gap

What is the basis for a low rate or 
excretion of NH4

1?
Low net distal H1 secretion
Low NH3 availability
Both defects

Urine pH .6.5
Urine pH ,5.0
Urine pH ,6.0

Where is the defect in H1 secretion? Distal H1 secretion
Proximal H1 secretion

PCO2 in alkaline urine
FEHCO3, UCitrate

ECF, Extracellular fluid; GI, gastrointestinal.
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	12.	 Estimate	the	“corrected”	bicarbonate	concentration	when	there	is	significant	ECF	volume		
contraction.
The hematocrit or total protein levels in plasma may be used to obtain a quantitative estimate of the 
ECF volume.

Sample calculation: If the patient does not have preexisting anemia or polycythemia, use the 
hematocrit (though the concentration of albumin or total proteins in plasma may also be used) to  
obtain a quantitative estimate of the ECF volume and calculate its content of HCO3

2. In a normal adult, 
the usual hematocrit is 0.40 (40%); this represents a blood volume of 5 L (2 L of red blood cells [RBC] 
and 3 L of plasma):

Hematocrit (0.40) 2 L RBC/Blood volume (5� L total volume), (2 L RBC 3 L plasma)�

Therefore when the hematocrit is 0.50, the plasma volume equals the of RBC volume (i.e., 2 L):

Hematocrit (0.50) (4 L total volume, 2 L5 RRBC L blood volume)

The present blood volume is 4 L, and thus the plasma volume is 2 L. Hence the plasma volume 
is reduced by 1 L from its normal value of 3 L. Ignoring changes in Starling forces for simplicity, the 
ECF volume is diminished by ,33%; this implies that rapid restoration of ECF volume would lead to a 
[HCO3

2] that is 33% of its measured value.

	13.	 In	a	patient	without	an	elevated	anion	gap,	with	a	hyperchloremic	metabolic	acidosis,	estimate	the	
urinary	excretion	of	NH4

1.
If increased protons are added to the circulation with the “unmeasured” anions discussed previously, an 
increase in the anion gap occurs. But if such anions are not present, added protons will appear to have 
been added as hydrochloric acid, HCl. This is because when protons accumulate and serum bicarbonate 
falls, the kidney will have to reabsorb Na1 with Cl2, out of proportion to normal [Cl2]. The result is that 
the anion gap does not change and hyperchloremic acidosis ensues. A major example is renal tubular 
acidosis (RTA), where the kidney fails to excrete protons. The loss of HCO3

2 in the stool, with diarrhea, is 
another example. Again, Na1 is reabsorbed in the kidney with Cl2, and hyperchloremic acidosis occurs. 
For practical purposes, hyperchloremic metabolic acidosis is due either to diarrhea or RTA. Other disorders 
that lead to hyperchloremic metabolic acidosis generally fall into one of these categories.

In the context of a chronic hyperchloremic metabolic acidosis and normal renal function, the urinary 
excretion NH4

1 of should rise, and can exceed 200 mmol/day. Most laboratories do not measure UNH4 
(without good reason); therefore one way to indirectly estimate UNH4 is the urine osmolal gap (UOsmolal gap). 
Because NH4

1 is excreted with an anion, UNH4 is half the calculated value of UOsmolal gap.

UOsmolal gap OsmMeasured U Calculated U� � OOsm

Osm Na K UreaU 2 (U U ) UCalculated � � � aall in mmol/L

The concentration of glusoce iin the urine U should be added inGlucose( ) patients with hyperglycemia( ).
To convert UNH4 into an excretion rate, divide it by the concentration of creatinine in the urine 

(UCreatinine). If the ratio of UNH4/UCreatinine is considerably ,40 mmol/g creatinine (or ,4, in mmol/mmol 
terms), a low rate of excretion of NH4

1 is likely to be an important cause of the acidemia; such 
pathophysiology is a hallmark of RTA.

	14.	 In	a	patient	without	an	elevated	anion	gap	(with	hyperchloremic	metabolic	acidosis)	and	a	low	
rate	of	excretion	of	NH4

1,	what	is	the	basis	for	a	low	NH4
1 excretion	rate	(Fig.	78.5)?

The urine pH is most valuable to identify the pathophysiology of the low rate of excretion of NH4
1. If 

the urine pH is greater than 6.5, the low rate of excretion of NH4
1 is likely the result of a reduced net 

rate of distal H1 secretion. In contrast, if the urine pH ,5, the low rate of excretion of NH4
1 is usually 

the result of a disease, leading to a diminished production of NH4
1 in the proximal convoluted tubule

(PCT). However, if urine pH is ,6, there will be a defect that lowers the availability of both H1 and
NH3 in the lumen of the medullary collecting duct.

	15.	 In	a	patient	with	hyperchloremic	metabolic	acidosis	and	a	low	rate	of	excretion	of	NH1
4 ,	is	there	a

defect	in	H1	secretion	in	the	PCT?
Patients with defective reabsorption of NaHCO3 in the PCT have proximal RTA (also called Type 2 RTA).
Since the distal tubule secretes protons normally, such patients will usually have an acidic urine pH
(less than 6) as long as they are not administered alkali. While not readily available in most clinical
labs, urinary bicarbonate measurement can help detect a proximal defect. A fractional excretion of
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HCO3
2 that is more than 15% of the filtered load after giving a NaHCO3 load that increases the [HCO3] 

to ,24 mmol/L indicates a defect in H1 secretion (via the sodium-hydrogen exchanger [NHE3]) in the 
PCT. Only when given alkali will these patients experience an alkaline urine pH. This test, however, 
should not be performed in a patient with hypokalemia until the PK has been raised to the normal 
range, because of the risk of worsening hypokalemia and inducing a cardiac arrhythmia.

One secret for detecting the presence of reduced PCT function in patients with an alkaline PCT 
is the finding of a high rate of urinary citrate excretion. High urinary citrate excretion may result from 
isolated or generalized (e.g., Fanconi syndrome) PCT dysfunction. Other causes of metabolic acidosis 
(hyperchloremic metabolic acidosis or distal RTA) are expected to stimulate PCT reabsorption of citrate 
via a sodium-dicarboxylate cotransporter that is pH sensitive. Citrate, like other organic anions,  
represents a potential base, and should be reclaimed in states of metabolic acidosis.

	16.	 What	is	the	basis	of	hyperchloremic	metabolic	acidosis	in	a	patient	with	a	low	rate	of	excretion	of	
NH4

1 and	a	urine	pH	.6.5?
If the urine pH is .6.5, the low rate of excretion of NH4

1 is a result of a reduced net rate of distal H1 
secretion. Such patients have distal RTA (also called Type I RTA). Again, while not readily available in 
most clinical laboratories, the basis of the distal lesion can be elucidated by measurement of the PCO2 
in alkaline urine (see Fig. 78.5); one group has reported the use of blood gas analysis machines to 
measure urinary pH and carbon dioxide with calculation of urinary bicarbonate via the Henderson-
Hasselbalch equation. Patients with H1 pump defect (a congenital or an acquired defect resulting 
from a number of autoimmune or disorders with hypergammaglobulinemia; e.g., Sjögren syndrome) 
have a PCO2 in their alkaline urine that approaches its value in their arterial blood. Conversely, in 
disorders whereby HCO3

2 is secreted in the distal nephron (some patients with Southeast Asian 
ovalocytosis, with mutations in a Cl/HCO3 anion exchanger, AE1, present in RBC and in the nephron) or 
if H1 back-diffuse in the distal nephron (e.g., due to effects of drugs such as amphotericin B), the 
PCO2 in alkaline urine will be elevated. A high rate of urinary citrate excretion in these patients 
indicates that the underlying lesion also involves the proximal tubule cells (e.g., carbonic anhydrase II 
deficiency). These patients fail to excrete their daily proton load and are in positive acid balance.

	17.	 In	a	patient	with	hyperchloremic	metabolic	acidosis	and	a	high	rate	of	excretion	of	NH4
1,	what	

anion	accompanied	NH4
1 in	the	urine?

In a patient with hyperchloremic metabolic acidosis and a high rate of excretion of NH4
1, if the urine 

anion is Cl2, the cause of the hyperchloremic metabolic acidosis is usually loss of NaHCO3 via the GI 

HCMA and Low UNH4

What is the urine pH?

� 5.3: Low NH3 diseases
• Low NH4

� production
due to an alkaline
PCT cell pH (e.g.,
hyperkalemia)

• Low NH3 transfer

6.0: Low NH3 and
low net H�

• Medullary interstitial
diseases

� 6.5:
What is the PCO2
in alkaline urine?

~70 mm Hg:
• Distal HCO3

� secretion (SAO)
• Backleak of H� (amphotericin B)

~40 mm Hg:
Is citrate

excretion low?

Yes
• Low distal H� secretion

• Low distal H� ATPase
• Ca|| deficiency in proximal
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No
• Proximal RTA with
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Figure 78.5. Evaluating the basis for a low NH4
1 excretion rate. HCMA, Hyperchloremic metabolic acidosis; ICF, intracellu-

lar fluid; PCT, proximal convoluted tubule; RTA, renal tubular acidosis; SAO, Southeast Asian ovalocytosis.
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tract or, potentially, hyperchloremia from the infusion of normal saline, which has a higher [Cl2] 
than plasma. By contrast, if the anion is not Cl2, suspect that the cause of metabolic acidosis is 
overproduction of an organic acid, the anion of which is excreted in the urine at a very rapid rate  
(e.g., secreted hippuric acid in the patient with glue sniffing). The presence of a high rate of excretion 
of organic anions or HCO3

2 (very high urine pH) in the urine can be detected with the calculation of 
the urine anion gap (UNa 1 UK 1 UNH4 – UCl, all in mEq/L terms); for this calculation, the concentration 
of NH4

1 in the urine (UNH4) can be estimated using the urine osmolal gap as described previously 
(see Table 78.1).

	18.	 Does	the	strong	ion	difference	provide	an	improved	way	to	determine	the	cause	of	an	acid–base	
disorder?
The calculation of the strong ion difference (the Stewart approach) and the PAnion gap are used by 
clinicians to detect the addition of new acids in a patient with metabolic acidosis. Although the strong 
ion difference is popular with some specialists, the authors do not use it. The advantage of the strong 
ion difference approach is that its calculation takes into account the net negative charge on PAlbumin. 
The calculation of the strong ion difference is complex; this advantage over the calculation of the  
PAnion gap is easily negated if one were to adjust the baseline value of the PAnion gap for the PAlbumin routinely. 
Of note, both the strong ion difference and the PAnion gap approaches rely on the concentration of HCO3

2 

and ignore the content of HCO3
2 in the ECF compartment. Furthermore, as pointed out earlier, an 

important initial step in the clinical approach in patients with metabolic acidosis is to determine if  
the BBS in skeletal muscle is functioning effectively to remove the bulk of the added new H1 and 
minimize the rise in the concentration of H1 and thereby the binding of H1 to intracellular proteins in 
vital organs such as the brain and the heart; this information can be only obtained by measuring the  
brachial or the femoral venous PCO2. This is, however, not part of the usual clinical approach whether 
clinicians use the strong anion difference or the PAnion gap, because both approaches rely solely on the 
arterial PCO2 to assess buffering of H1 by the BBS.

SPECIFIC DISORDERS: THE ANION GAP ACIDOSES

	19.	 Does	the	presence	of	elevated	serum	lactate	indicate	the	presence	of	cellular	hypoxia?
The secret here is that lactate elevation, even during severe sepsis and septic shock, often  
occurs in cells that are not hypoxic. Both glycolysis and lactate formation are “anaerobic,” 
because oxygen is not required for these reactions to occur; it is anaerobic chemistry regardless 
of the status of the mitochondria and function of oxidative phosphorylation. The reason for lactate 
elevation under physiological stress is the activity of epinephrine on muscle and increased glycolysis 
(discussed later); lactate concentration falls with provision of volume, not because hypoxic  
tissue is reperfused, but because the stress response is mitigated, just as the heart rate falls in  
response to volume.

The formation of lactate does not generate an intracellular proton load (discussed later).  
Nevertheless, when oxygen consumption in tissue falls (e.g., in ischemic gut or arterial thromboses), 
true tissue-hypoxic physiology will take hold. In this situation, the protons generated by intracellular 
adenosine triphosphate (ATP) hydrolysis can no longer be recycled by oxidative phosphorylation.  
Lactate rises because oxidative phosphorylation has ceased, but it is not the lactate that is causing the 
acidosis; the elevation of lactate is coincident to the cessation of oxidative phosphorylation, which  
itself is the reason for the elaboration of intracellular protons.

	20.	 What	is	the	biomedical	basis	for	very	rapid	rates	of	production	of	l-lactate?
The secret to understanding this pathophysiology is that there are two substrates for glycolysis  
(glucose and adenosine diphosphate [ADP]). In addition, the availability of ADP controls the rate of 
conversion of glucose to pyruvate and, consequently, l-lactate:

 1. Work 1 ATP n ADP 1 Pi 1 H1

 2. Glucose 1 2Pi 1 2ADP 1 2NAD1 n 2Pyruvate 1 2ATP 1 2NADH 1 2 H1 1 2H2O
 3. 2Pyruvate 1 2NADH 1 2 H1 n 2Lactate 1 2NAD1

First, note that the conversion of glucose to pyruvate produces 2 protons, while metabolism of 
pyruvate to lactate consumes 2 protons (compare equations 2 and 3). Thus it is not the generation 
of lactate per se that causes acidosis. Second, l-lactate production from glucose also depends on 
having high levels of ADP as a substrate (equation 2).

Fast production of l-lactate occurs under states of increased biochemical/cellular work and high 
glycolytic flux. Increased work can be the result of physiological stress and epinephrine release, for 
example with strenuous exercise, seizure, and sepsis. Notably, the increase in cellular [H1] is not from 
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a malfunctioning electron transport chain. Rather, increased ATP hydrolysis releases protons and
increased glycolysis raises lactate—even under fully aerobic conditions. This reiterates the following
important—and often clinically confusing—distinction: lactate production is “anaerobic” only in that
oxygen is not chemically required for its synthesis; however, “anaerobic” chemistry does not necessitate
cellular hypoxia!

Nevertheless, in states of severe organ hypoperfusion, l-lactate will rise rapidly if tissue oxygen
delivery becomes so critical that tissue oxygen consumption falls (e.g., when systemic hemodynamics
is severely compromised); this usually requires a cardiac output of less than 2 L/min. Lactate elevation
in this situation is consequent to true tissue hypoxia.

Slower forms of l-lactate elevation occurs when the usual rate of lactate removal is
diminished. The major reason for this pathophysiology is a marked decrease in liver mass or
a compromised metabolism of pyruvate resulting from lower activities of the major enzymes
that catalyze pyruvate metabolism: pyruvate dehydrogenase (PDH) or pyruvate carboxylase. A
diminished activity of PDH may result from lesser amounts of the enzyme, the absence of one of
its essential cofactors (e.g., vitamin B1 or thiamine), or the presence of inhibitors of PDH activity
such as the products of oxidation of fat-derived fuels (e.g., high ATP or low ADP, high acetyl-
coenzyme A [CoA] or low CoASH, or high NADH or low NAD1). Similarly, low activity of pyruvate
carboxylase or the availability of its cofactor, biotin, can lead to the need for higher levels of
pyruvate (and hence l-lactate) in liver cells to permit the conversion of pyruvate to glucose or
glycogen.

	21.	 Under	what	circumstances	will	the	ingestion	of	ethanol	cause	a	serious	degree	of	l-lactate	elevation?
As shown in this equation, NADH is the other substrate for l-lactate dehydrogenase:

Pyruvate 1 NADH → L-Lactate 1 NAD1.

A means by which NADH rises within the cytosol is the metabolism of ethanol:

Ethanol 1 NAD1 → Acetate 1 NADH.

Hence the combination of a high concentration of pyruvate and a high concentration of NADH
will result in a very large accumulation of l-lactate. In other words, when the only lesion is thiamine
deficiency, the result will be a modest increase in the PL-lactate. Similarly, high rates of oxidation of
ethanol will result in a high concentration of NADH but only a modest rise in the rate of l-lactate
production and PL-lactate of ,4 to 5 mmol/L. Accordingly, should a patient—who is thiamine
deficient—consume a large amount of ethanol, plasma l-lactate may rise to a greater degree
than expected.

	22.	 What	is	the	basis	of	chronic	l-lactate	elevation	in	patients	who	are	malnourished?
• Thiamine deficiency: Thiamine (vitamin B1) deficiency is reasonably common in chronic alcoholics.

Absence of this cofactor retards the conversion of pyruvate into acetyl-CoA because thiamine is a
component of the active form of PDH. Importantly, because the oxidation of glucose via PDH must
occur in the brain, these patients need therapy with thiamine at the outset to prevent the development
of Wernicke-Korsakoff encephalopathy.

• Riboflavin deficiency: Deficiency of riboflavin (vitamin B2) impairs oxidative phosphorylation because
vitamin B2 is a necessary cofactor for the conversion of ADP to ATP in mitochondria. This is more
likely if the patient is taking a tricyclic antidepressant drug, because this class of drugs prevents
the formation of the active form of riboflavin.

	23.	 Discuss	lactate	elevation	and	acidosis	in	metformin	toxicity.
Metformin—and its predecessor phenformin—provide another opportunity to distinguish between
lactate elevation and acidosis. The mechanism of the acidosis is the inability of oxidative phosphorylation
to function properly. These antidiabetic medications act as uncoupling agents (i.e., poisons that
carry H1 across the inner mitochondrial membrane, which decreases the rate of regeneration of
ATP by mitochondria). Thus the proton load, which needs to be dealt with by the BBS, comes from
dysfunctional mitochondria. The lactate elevation is coincident to impaired oxidative phosphorylation,
but is not, in and of itself, the etiology of the proton bolus.
• Metformin is not very soluble in lipids and is therefore a weak uncoupler; it rarely (in the absence

of an acute overdose) is the sole cause of lactate elevation and acidosis. In contradistinction,
phenformin is a much stronger uncoupler because it is much more soluble in the lipid in the inner
membranes of hepatic mitochondria. Consequently, to a much greater degree, it prevents the
conversion of ADP 1 Pi 1 H1 n ATP when oxygen is consumed. Because ADP 1 Pi are the
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other substrates for glycolysis, there is much more l-lactate formed than can be removed by 
metabolic means:

Work

Glu e

ATP ADP PI H

2

4 3 2� � �

�

� � � �→

cos PPi 2ADP 2NAD 2Pyruvate 2ATP 2NA� � � �� → DDH 2 H 2H O

2Pyruvate 2NADH 2 H

2� �

� �

�

� → 22Lactate 2NAD� �

As noted previously, the secret here is that instead of oxygen acting as the terminal electron/proton 
consumer (converted to water), pyruvate acts as the electron and proton consumer and is converted to 
lactate. The result of uncoupling, therefore, is metabolic acidosis with coincident lactate elevation.

The current recommendation is to initiate metformin in patients only when their estimated  
glomerular filtration rate (eGFR) is above 45 mL/min/1.73 m2; consider the risks and benefits of 
continuation when eGFR is between 30 and 45 mL/min/1.73 m2 and discontinue when eGFR is less 
than 30 mL/min/1.73 m2. Notably, lactic acidosis associated with metformin use, though rare, is more 
likely at lower levels of glomerular filtration rate (GFR). The fact that the incidence of metformin- 
associated lactic acidosis remains extremely low, and that the drug is associated with significant  
benefit for hyperglycemia, has led to some controversy and debate about these recommendations.

	24.	 Discuss	d-lactate	elevation.
There are multiple putative mechanisms for d-lactate elevation and its clinical consequences. First, 
there is a functional separation between glucose absorption in the jejunum and bacteria, which are  
located primarily in the colon. If this functional segregation is disturbed, the risk of d-lactate elevation 
is increased because it is gut bacteria, which elaborate d-lactate. Disruption of normal bacterial flora 
(e.g., from antibiotic therapy) may result in their abnormal migration and proliferation in the small  
intestine. Further, certain sugars (e.g., fructose) that are poorly absorbed in the small intestine may  
be delivered to the colon when their intake is high. In addition, decreased bowel motility (e.g., blind 
loops, drugs) increases the contact time for bacteria and sugar, and as a result, more organic acids 
may be produced. Lastly, antacids or drugs that inhibit gastric H1 secretion may lead to a higher pH 
that is more favorable for bacterial growth and metabolism.

Organic acids, noxious alcohols, aldehydes, amines, and mercaptans produced during fermentation 
may lead to many of the central nervous system symptoms that are observed in this disorder.

Humans metabolize d-lactate more slowly than l-lactate. d-lactate may also be excreted in 
the urine, and hence the rise in the PAnion gap may be lower than expected, as judged from the fall in 
bicarbonate concentration.

The usual laboratory test for “lactate” detects l-lactate but not d-lactate. Hence a specific assay 
for d-lactate must be performed to confirm the diagnosis. An anion gap will be present, but the lactate 
measurement will be falsely low.

Treatment should be directed at the gastrointestinal (GI) problem. The oral intake of fructose and 
complex carbohydrates should be decreased. Antacids should be avoided, and drugs that diminish GI 
motility should be stopped. Poorly absorbed antibiotics (e.g., vancomycin) could be used to change 
the bacterial flora. Insulin may be helpful by lowering the rate of oxidation of fatty acids and hence 
permitting a higher rate of oxidation of organic acids.

	25.	 Discuss	alcoholic	ketoacidosis	as	a	cause	of	metabolic	acidosis.
One substrate of acetyl-CoA production is ethanol: both contain two carbon atoms. In starvation, a substrate 
for acetyl-CoA are the fatty acids. Acetyl-CoA has multiple fates, one of which is the genesis of ketoacids. 
For high levels of ketoacids to accumulate, however, the conversion of acetyl-CoA to fatty acids (lipogenesis) 
must cease. Acetyl-CoA carboxylase is the key enzyme that transforms acetyl-CoA into fatty acids, and  
it is inhibited by epinephrine, which may be present in alcoholics due to subtle volume depletion from  
deficient solute intake. In addition, hypoglycemia (described later) stimulates epinephrine release.

There is an important difference, however, between ketoacid formation from fatty acids (e.g.,  
starvation) versus ethanol as a major substrate. When long-chain fatty acids are the foundation for  
ketogenesis, there is a lag period before ketoacids are produced at a rapid rate; there is no lag when 
ethanol is the substrate. Thus, in alcoholic ketoacidosis, there tends to be a “rapid ketosis.” Nevertheless, 
the degree of acidemia may be blunted by the presence of metabolic alkalosis (e.g., from vomiting) or 
respiratory alkalosis (e.g., hyperventilation from aspiration pneumonia or alcohol withdrawal).

Patients with alcoholic ketoacidosis can be classified into two groups with regard to their clinical 
presentation. The first group consists of normal subjects who consumed a large amount of ethanol, 
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and the second group consists primarily of chronic alcoholics who had a binge intake of ethanol. The 
PGlucose on admission may help identify each group because patients in the latter group who are mal-
nourished will usually have hypoglycemia. This point is emphasized because these patients are likely to 
have other nutritional deficiencies (e.g., thiamine deficiency). It is critical to administer thiamine (and 
probably riboflavin) early in therapy in these patients; this will permit aerobic oxidation of glucose in the 
brain once ketoacids disappear and prevent the development of Wernicke’s encephalopathy.

These patients are likely also to be potassium depleted (especially if there is a prolonged  
history of vomiting), despite normokalemia and perhaps hyperkalemia on presentation, because the 
a-adrenergic surge inhibits the release of insulin and causes potassium to shift out of cells. Once 
the effective arterial blood volume is expanded, the a-adrenergic surge disappears, insulin is 
released, and potassium moves back into the cells. Do not wait for hypokalemia to develop before  
administering KCl.

No specific therapy is needed for ketoacidosis because excessive production of ketoacids 
ceases once the alcohol disappears. Furthermore, utilization of ketoacids by the brain (as the ethanol 
level falls) and the kidney (as GFR improves) increases. Therapy with NaHCO3 is not needed in most 
cases (and may be dangerous if the patient is potassium depleted).

	26.	 What	is	the	basis	of	hypoglycemia	in	alcohol	dependence?
When ethanol is oxidized in the liver, there is a rise in the NADH:NAD1 ratio in hepatocytes. This leads 
to the conversion of pyruvate to lactate, because these two metabolic intermediates can be interconverted 
by a NAD1-like dehydrogenase with a very large catalytic capacity. This reduces the rate of formation 
of glucose from pyruvate (i.e., hepatic gluconeogenesis) and leads to hypoglycemia in the malnourished 
alcoholic. This high NADH:NAD1 ratio also leads to conversion of acetoacetic acid to b-hydroxybutyric 
acid, which becomes the major form of ketoacids released from the liver. This leads to less formation 
of acetone, and hence its odor may not be detected in exhaled air at the bedside. Furthermore, the  
nitroprusside test result, which is used as a quick assay for ketones, may be falsely negative because 
it detects acetone and acetoacetate but not b-hydroxybutyrate.

	27.	 Discuss	starvation	ketoacidosis	as	a	cause	of	metabolic	acidosis.
The brain needs biochemical fuel to oxidize the regeneration of the ATP consumed when work is  
performed in this organ. Its major fuels are glucose in the fed state and ketoacid anions during  
starvation.

When there is hypoglycemia, insulin levels decline because the major stimulus to release insulin 
from b cells of the pancreas is glucose. Further, when glucose is low, more epinephrine is released, 
which augments lipolysis in adipose tissue and promotes hepatic ketogenesis by inhibiting acetyl-CoA 
carboxylase, the key enzyme in the conversion of acetyl-CoA to fatty acids (described previously). As 
the concentration of acetyl-CoA rises in hepatocytes, the synthesis of ketoacids increases.

The degree of acidemia in pure starvation is usually modest (PHCO3 ,19 mmol/L, with a normal 
ECF volume so there is a very modest decrease in the content of HCO3

2 in the ECF compartment), 
although the rate of production of ketoacids may be as high as in a patient with diabetic ketoacidosis 
(DKA). This is because there is a relatively rapid rate of removal of ketoacids in the brain (the PGlucose is 
low, which permits a higher rate of ketoacid oxidation in the brain) and in the kidneys (GFR is not low, so 
the kidneys will oxidize more fuel [ketoacid anions] to provide the ATP needed to reabsorb the filtered Na1).

Treatment of starvation ketoacidosis is simply the provision of glucose.

	28.	 Discuss	DKA	as	a	cause	of	metabolic	acidosis.
DKA is a very broad topic. A few secrets to consider are cerebral edema (CE), gastric emptying, and 
the notion of 1:1 change in the anion gap to fall in venous bicarbonate.

CE occurs in very young patients and is responsible for mortality or significant morbidity in ,1 
of 150 children treated for DKA, even in the best pediatric medical centers. CE occurs more commonly 
during the first episode of DKA, which is often more severe, possibly because of the long delay in 
making the diagnosis. CE usually becomes evident, with little warning, 5 to 15 hours after therapy is 
instituted.

CE is a clinical diagnosis—it should be suspected if a headache or vomiting develops, if there is  
unexpected deterioration in neurologic status, or if there is an unexpected rise in blood pressure and a fall 
in heart rate. Therefore these patients should be admitted to a unit where they can be observed closely, 
because therapy must be instituted without delay to minimize the risk of permanent brain damage.

The secret here is that because serum [Na1] tends to fall in the setting of hyperglycemia, one 
may be tempted to think that rapid correction of serum glucose, with consequent rise in serum [Na1], 
would place the patient at risk for osmotic demyelination syndrome. The risk, however, is cerebral 
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edema. The intracellular volume is the largest intracranial compartment; the shift of glucose into cells 
will be accompanied by water with subsequent cell swelling. Therefore it is imperative that one pre-
vent a fall in the effective osmolality in plasma (PEffective osm). Because the most common cause for a 
large fall in the PEffective osm is the large decrease in the PGlucose early during therapy, the PNa must rise 
by one half of the fall in the PGlucose (glucose in mmol/L) to prevent a fall in the PEffective osm; Fig. 78.6).

There may be an “occult” factor that contributes to the development of a rapid infusion of free 
water into the vascular compartment. Although stomach emptying is usually slow in the patient with a 
high PGlucose, it is a source of an infusion of water with or without glucose but with few electrolytes. 
Although this is more likely to occur once the PGlucose has decreased, it may also occur at other times.

	29.	 What	are	the	clues	to	suggest	that	there	was	an	occult	stomach	emptying?
When a subject drinks a beverage that contains sugar to quench his or her thirst, some of this glucose 
(and water) will remain in the stomach because hyperglycemia slows stomach emptying. This will 
represent a gain of water after this fluid is absorbed and its glucose is removed by metabolic means. 
The following observations, however, are clues that stomach emptying and absorption of a sugar- 
containing solution occurred in a patient with hyperglycemia. However, a fall in PEffective osm may 
suggest that stomach emptying and absorption of water has occurred.
• A rise in PGlucose in the absence of an infusion of solutions containing glucose or a precursor of 

glucose, such as l-lactate
• A sudden large rise in the urine output as a result of a glucose-induced osmotic diuresis
• Absence of a sufficient fall in PGlucose despite the excretion of glucose in the urine

	30.	 What	therapy	should	be	given	if	CE	is	suspected?
Because there is such a high mortality and morbidity rate once CE develops as a result of brain  
herniation, one must draw water out of the brain. This means that the patient must be given a rapid 
intravenous infusion of hypertonic saline, using the clinical response as the guide to further therapy. 
The goal is for an increase in [Na1] to oppose the decrease in PGlucose. Do not send the patient for 
imaging studies, because the CE can worsen very quickly. Be aware because the stomach may contain 
fluid that will become hypotonic after it is absorbed and the glucose is removed by metabolic means.

	31.	 Will	the	venous	bicarbonate	fall	to	the	same	degree	as	the	rise	in	anion	gap?
Consider a 50-kg patient with DKA, a PHCO3 of 10 mmol/L and the “expected” 1:1 relationship between 
the rise in the plasma anion gap (PAnion gap) and the fall in the plasma bicarbonate concentration 
[HCO3

2]. The patient had a normal ECF volume of 10 L before DKA developed, but as a result of the 
glucose-induced osmotic diuresis, his current ECF volume is 8 L. Examine the contents of bicarbonate 
and ketoacids (Table 78.2), when the fall in the bicarbonate concentration and the rise in the ketoacid 
concentration are equal. The deficit of HCO3

2 is 170 mmol, but the quantity of new anions in the ECF 
is only 120 mEq; in other words, more bicarbonate is lost than one would predict using only  
concentrations, not contents, as a guide (see Table 78.1).

But why is more bicarbonate lost? There was an indirect loss of HCO3
2 when ketoacids were 

added; some of the ketoacid anions were excreted in the urine with Na1, an indirect form of NaHCO3 
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Figure 78.6. Defense of the effective osmolality of plasma. A rise in the PNa is needed to prevent a fall in the PEffective Osm 
when there is a fall in the PGlucose. If the PNa on admission is close to 140 mmol/L, the PNa should rise to 155 mmol/L when 
the PGlucose falls from 50 mmol/L (900 mg/dL) to 20 mmol/L (360 mg/dL) to maintain a constant PEffective Osm.
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loss. This loss of HCO3
2 is not reflected by an increase in PAnion gap. Hence the rise in PAnion gap did not 

reveal the actual quantity of ketoacids that were added, and the fall in bicarbonate concentration did 
not reflect the actual magnitude of the deficit of HCO3

2. With re-expansion of the ECF volume with the 
administration of saline, the true deficit of HCO3

2 will become evident because the fall in the PAnion gap 
will not be matched by an equal rise in the [HCO3

2]. In addition, the anion gap will fall to a greater 
degree, as more ketoacid anions will be lost in urine. This is because their filtered load is increased 
with the increase in GFR as a result of re-expansion of effective arterial blood volume.

	32.	 Discuss	toxin-induced	metabolic	acidosis.
Ingestion of methanol, propanediol, or ethylene glycol should be suspected in a patient with metabolic 
acidosis, an elevated PAnion gap, and no obvious cause for these findings, especially if the ECF volume is 
not significantly contracted. Failure to make this diagnosis can be devastating. If ingestion of these alcohols 
is suspected, one must calculate the POsmolal gap; be suspicious if this value is considerably greater than 
20 mOsm/kg H2O. As discussed previously, the POsmolal gap may be present early in the presentation and 
the PAnion gap only later. As the former disappears, the latter increases. It is not the ingested parent com-
pound that is toxic, but rather the downstream metabolites. Because of this, the metabolism must be 
stopped with fomepizole, an alcohol dehydrogenase inhibitor. Fomepizole is preferred in the treatment of 
patients with methanol or ethylene glycol poisoning instead of ethanol, which itself leads to reduced  
levels of consciousness and other adverse effects. Fomepizole is easy to dose and administer, and side 
effects are rare; its main disadvantage is its high cost. It may not be available in all locations. Adminis-
tering fomepizole or ethanol to prevent metabolism of the alcohols to their toxic metabolites (oxalate for 
ethylene glycol and formaldehyde and formic acid for methanol) is appropriate when these ingestions 
are suspected, even before the facts are made clear by direct assays for toxic alcohols.

	33.	 What	type	of	metabolic	acidosis	develops	in	patients	who	receive	propane	1,2-diol?
Propane 1,2-diol (propylene glycol) is commonly used as a diluent for many intravenous (or intramuscular) 
drug preparations (e.g., lorazepam, which may be used in large doses as a sedative in the intensive 
care unit and to treat delirium tremens). It is also used as a solvent for other drugs like cough medicine 
and, at times, without proper labeling. When given in large quantities, this alcohol can be detected  
by finding a large POsmolal gap. The danger associated with its use is that one of its metabolites is an 
aldehyde, which is in general very toxic.

Propane 1,2-diol is a 50:50 mixture of d and l isoforms. Approximately 40% of the administered 
dose is excreted unchanged in the urine, whereas 60% is metabolized in the liver by alcohol dehydro-
genase to lactaldehyde. l-lactaldehyde is then metabolized by aldehyde dehydrogenase to l-lactic acid 
(Fig. 78.7). d-lactaldehyde, however, is not a good substrate for aldehyde dehydrogenase. Therefore it 
accumulates and leads to many of the toxic effects observed in this setting. d-lactaldehyde can be 
metabolized in the liver via an alternate pathway that uses reduced glutathione (GSH) as a cofactor  
to d-lactic acid. Because d-lactic acid is metabolized much slower than l-lactic acid, the acid that 
accumulates is principally d-lactic acid. The most important step in therapy is to stop the formation 
of d-lactaldehyde by giving ethanol or fomepizole. This must be followed up by removal of propane 
1,2-diol by hemodialysis.

	34.	 What	are	considerations	in	patients	who	ingest	rubbing	alcohol?
The principal use of isopropanol (commonly known as “rubbing alcohol”) is as a topical antiseptic. 
This three-carbon alcohol has the b-OH group on the middle carbon. When oxidized by hepatic 

HCO3
2 KA2

CONDITION
ECF  

VOLUME
CONCENTRATION 

(Mmol/L)
CONTENT 

(Mmol)
CONCENTRATION 

(Mmol/L)
CONTENT 

(Mmol)

Normal 10 L 25 250 0 0

DKA 8 L 10 80 15 120

Balance -2 L — 170 — -120

Table 78.2.  Changes in the Content of HCO3
2 and New Anions in the Extracellular Fluid 

Compartment

DKA, Diabetic ketoacidosis; ECF, extracellular fluid; KA–, ketoacid anions.
In these calculations, we ignored changes in the PAlbumin for simplicity.
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NAD1-linked alcohol dehydrogenase, the alcohol group is converted to a keto group forming 
acetone:

Isopropyl alcohol NAD Acetone NADH1 11 →

Thus there is no accumulation of H1 in this metabolic process. The acetone is volatile and has a 
characteristic fruity odor; it reacts with the Ketostix reagent, yielding a positive test for ketones, which 
in the absence of metabolic acidosis and a high value for the plasma osmolal gap should lead the  
clinician to the correct diagnosis.

No toxic effects can be attributed to acetone. Patients may appear intoxicated and should be 
managed in a similar fashion to patients with ethanol overdose. Hemodialysis is rarely indicated,  
except in patients with massive ingestion who are hemodynamically unstable despite aggressive  
supportive measures.

	35.	 What	is	the	danger	in	patients	who	have	high	levels	of	pyroglutamic	acid?
In this situation, with acetaminophen overdoses, the metabolic acidosis is a marker of a more serious 
underlying disorder; the threat to life results from depletion of glutathione and hence compromised 
ability to detoxify reactive oxygen species. The metabolic acidosis warns the clinician of this patho-
physiology; the treatment is not directed at the acidosis, but rather at the repletion of glutathione. The 
clinician should consider administering N-acetyl cysteine to prevent potentially lethal hepatic toxicity. 
Riboflavin should also be given because flavin nucleotides are cofactors for glutathione reductase.

SPECIFIC DISORDERS: THE NON-ANION GAP ACIDOSES

	36.	 Discuss	diarrhea	as	a	cause	of	metabolic	acidosis.
Contemplating a case of severe diarrhea can help reveal some of the physiological secrets of the  
non-anion gap metabolic acidoses.

Case: A previously healthy 25-year-old man develops massive diarrhea over 24 hours (stool 
volume was estimated ,5 L) after he drank contaminated water. His blood pressure is 90/60 mm Hg 
with a pulse of 110 beats/min, and his jugular venous pressure is low. He has no urine output  
since arrival. Acid–base measurements in arterial blood reveal a pH of 7.39, PHCO3 12 mmol/L, 
and a PaCO2 of 21 mm Hg; his PAnion gap is 20 mEq/L, his hematocrit is 0.60 and total protein of 11 g/dL.

L-propane 1,2-diol

AlcDH

AldDH

AlcDH

(GSH) Slow

D-propane 1,2-diol

L-lactaldehyde D-lactaldehyde

Fast removal pathways Slow removal pathways

L-lactic acid D-lactic acidCO2 CO2Glucose Glucose

Figure 78.7. Metabolism of propane 1,2-diol to l-lactic acid and d-lactic acid. When a large quantity of propane 
1,2-diol is ingested, the body is presented with a racemic mixture. Both the l-form (shown to the left of the vertical 
dashed line) and the d-form (shown to the right of the vertical dashed line) are substrates for alcohol dehydrogenase 
(AlcDH); hence their metabolism occurs in the liver. The products are l-lactaldehyde and d-lactaldehyde, which are 
substrates for aldehyde dehydrogenase (AldDH), but the d-form is a much poorer substrate, and the d-lactaldehyde 
accumulates and is responsible for most of the toxicity. The cofactors, NAD1 and NADH, are not shown for simplicity. 
GSH, Glutathione.
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	37.	 Does	this	patient	have	a	metabolic	acidosis?
Recall from the previous discussion the difference between acidosis and acidemia. An acidosis is a 
process that contributes to a low serum pH (i.e., addition of protons or loss of bicarbonate), yet this 
does not guarantee an acidemia, which is a measured proton excess in the blood. One can have an 
acidosis without an acidemia if there is a compensatory or competing alkalosis. Therefore the patient 
does not have an acidemia, but certainly has an underlying, severe acidosis, as evidenced by the low 
serum bicarbonate.

	38.	 What	are	the	concurrent/competing	alkaloses?
Importantly, because the bicarbonate concentration reflects the content of HCO3

2 in the ECF compart-
ment divided by the ECF volume, the measured concentration is elevated by a very large decrease in 
the ECF volume. Notably the hematocrit of 0.60 provides a quantitative, minimum estimate that his 
plasma volume was reduced from 3.0 L to ,1.3 L (i.e., .50%).

Furthermore, the patient has a mild respiratory alkalosis potentially triggered by anxiety or  
volume depletion itself. Using Winter’s formula ([1.5 3 {HCO3

2}] 1 8 6 2), the expected PaCO2 is 
24 to 28 mm Hg; his is measured at 21 mm Hg. Accordingly, there is a mild respiratory alkalosis.

Thus he has multiple, concurrent acid–base disorders: metabolic acidosis secondary to  
bicarbonate/potential bicarbonate loss from the gut and metabolic alkalosis from the very low ECF 
volume. In addition, there is a mild respiratory alkalosis. The competing processes resulted in a  
normal proton concentration (pH).

	39.	 What	is	the	basis	for	the	high	PAnion	gap?
One must distinguish between a process leading to a deficit of HCO3

2, for example (as suggested by a 
history of diarrhea, and a process that caused the addition of acids [as suggested by the rise in PAnion gap]) 
because of different implications for therapy. The high PAnion gap resulted mainly from a very high PAlbumin 
(as evidenced by the high total protein) rather than the addition of new acids. This was confirmed  
because the concentrations of lactate and ketoacid anions in plasma were less than 2 mmol/L. An  
increase in the anion gap secondary to hyperproteinemia in cholera has been well described and may 
be considered an important secret.

	40.	 What	dangers	should	be	anticipated	when	this	patient	is	given	a	large	infusion	of	isotonic	saline?
• A very severe degree of acidemia: There will be a fall in the bicarbonate concentration when a 

large volume of saline without NaHCO3 is given to a patient who has a very severe degree of ECF 
volume contraction, because this infused solution will lower the bicarbonate concentration by  
dilution. In fact, it is reported that when saline was infused very rapidly, a subset of these patients 
developed pulmonary edema before the ECF volume was totally re-expanded. Putatively, this is the 
result of a severe acidemia and consequent redistribution of blood from the peripheral to the central 
circulating blood volume. It is important to recognize this complication, because pulmonary edema 
can be prevented and treated successfully with an infusion of fluid that contains NaHCO3 (or an 
anion that can be metabolized quickly to produce HCO3

2; e.g., l-lactate in Ringer lactate solution). 
In addition to dilution, two other mechanisms may lead to an unanticipated severe acidemia with 
the infusion of a large amount of saline in these patients.

• Loss of more NaHCO3 in diarrhea fluid: Re-expansion of the arterial blood volume will increase 
splanchnic blood flow if the heart is fluid responsive. This will permit a much larger volume of Na1 and 
Cl2 to be secreted in the small intestine. When a large volume of luminal fluid containing Na1 and Cl2 
reaches the colon, more Cl2 will be reabsorbed in exchange for HCO3

2, as compared with the reabsorption 
of Na1 in exchange for secreted H1; hence the loss of NaHCO3 in diarrhea fluid might rise 
markedly.

• Back titration of HCO3
2 by H1 that were bound to intracellular proteins in muscle: With 

increased flow through the muscles, less CO2 will be added to each liter of blood, as carbon dioxide 
production will remain the same. Hence the tissue PCO2 and the venous PCO2 will decline. As a 
result of the fall in tissue PCO2, equation 3 (see Fig. 78.1) will shift rightward and bicarbonate will 
be consumed in the ICF and ECF compartments of muscle. The protons that combine with the  
bicarbonate are unbound from intracellular proteins; hence the concentration HCO3

2 of in the ECF 
compartment will decline (see Fig. 78.2).

• Hypokalemia: Despite an important degree of K1 depletion from loss of K1 in diarrhea fluid, 
hypokalemia may not be present on admission, presumably because K1 shifts out of cells. The 
mechanism for K1 shift can be a stress-induced (i.e., adrenergic-related) insulin deficiency. The 
stimulus for epinephrine release is the contracted arterial blood volume. Hence one should anticipate 
a significant drop in the PK with re-expansion of the ECF volume, because this will lead to a fall in 
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circulating a-adrenergic hormone levels and a rise in plasma insulin levels. One should also be
aware that the degree of hypokalemia may become more severe with the infusion of NaHCO3, and
more aggressive therapy with KCl will likely be needed. If a severe degree of K1 depletion with
hypokalemia develops, bowel motility may diminish to a degree such that intestinal secretions are
pooled in the gut and diarrhea is no longer observed.

	41.	 Does	this	patient	have	respiratory	acidosis?
Because the pH and PaCO2 (39 mm Hg) in arterial blood were in the normal range, he does not have
a hypoventilation form of respiratory acidosis. His brachial venous PvCO2, however, was much higher
(i.e., 55 mm Hg) than the usual value of ,6 mm Hg step-up from the PaCO2. This is because the
blood flow rate to muscle was very low as a result of the significant degree of effective circulating
blood volume contraction. Hence more O2 was extracted from each liter of blood, and almost an
identical amount of CO2 was added to capillary blood, raising the muscle venous PvCO2. The higher
concentration of CO2 in interstitial space and in cells of muscles abrogates the BBS.

	42.	 Discuss	RTA	as	a	cause	of	metabolic	acidosis.
As considered previously, there are essentially two types of RTA: proximal RTA (type II) and distal RTA
(type I). Although both types have a low rate of excretion of NH1

4 , in type II RTA there is also decreased
capacity for the reabsorption of HCO2

3  in the PCT.
Proximal, or type II, RTA may present as an isolated defect in reabsorption of HCO2

3  in the PCT or
as a component of a generalized PCT dysfunction—that is, Fanconi syndrome. When there is general-
ized reduction of PCT function, there will also be glucosuria, aminoaciduria, and increased excretion of
urate, phosphate, and citrate, in addition to the loss of HCO2

3 . The most common cause of Fanconi
syndrome in the pediatric population is cystinosis, whereas common causes in adult population are
paraproteinemias and autoimmune disorders. The steps in the clinical approach and differential
diagnosis in patients with RTA were outlined in Fig. 78.5.

In patients with proximal RTA, treatment with NaHCO3 does not maintain the PHCO3 near the
normal range, because bicarbonaturia ensues as the distal capacity for the reabsorption of HCO2

3  is
exceeded. Do not be aggressive with the administration of NaHCO3, because bicarbonaturia may lead
to the development of hypokalemia and the alkaline urine pH may increase the risk of formation of
calcium phosphate stones. Conversely, NaHCO3 seems to be beneficial in still-growing pediatric
patients with proximal RTA and growth retardation.

In patients with distal, or type I, RTA from a defect in net distal H1 secretion, the major threat to
the patient on presentation is cardiac arrhythmia resulting from hypokalemia. Hypokalemia may also
cause respiratory muscle weakness and severe acidemia from superimposed respiratory acidosis.
NaHCO3 should not be given until enough potassium is given to raise plasma potassium to a safe level
(,3 mmol/L). After the plasma bicarbonate concentration (PHCO3) is corrected, the dose of NaHCO3

needed to maintain PHCO3 in the normal range is usually less than 30 to 40 mmol/day (i.e., enough to
titrate the acid load produced from the metabolism of sulfur-containing amino acids).

Patients with distal RTA, unlike those with proximal RTA, are in net positive proton balance, as
they cannot secrete their daily proton load, assuming a “Western,” acid-producing diet. Some of these
protons are titrated by bone, leading to release of some calcium from bone, causing decreased bone
mineral density and hypercalciuria. Hypocitraturia results as absorption of citrate in the PCT is stimu-
lated. Citrate binds calcium and keeps it soluble, while in its absence, calcium can bind to oxalate or
phosphate and form stones. With the alkaline urine pH of distal RTA, calcium phosphate deposition is
favored over calcium oxalate. The result is that patients may have diminished GFR due to nephrocalci-
nosis and may have frequent stones. Administration of potassium citrate, sometimes with thiazides to
reduce urine calcium excretion, is often appropriate.

The diagnostic category of type III RTA was never clearly defined and did not stand the test of
time; most of these patients probably had a combination of proximal and distal RTA, with findings
similar to that of patients administered carbonic anhydrase inhibitors. The term “type IV RTA” is
usually used to describe the constellation of findings of hyperkalemia and metabolic acidosis resulting
from a low rate of excretion of NH1

4 . These patients are usually said to have hyporenin, hypoaldoste-
ronism, though the actual endocrine findings are highly variable when they are assessed. While
the syndrome is often noted in diabetics, the most common cause today is the use of angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers.

It is important to realize that there are two ways that hyperkalemia and a low rate of excretion
of NH1

4  may coexist. In one, hyperkalemia, attributed to reduced aldosterone secretion, is responsible
for the low rate of excretion of NH1

4  because hyperkalemia is associated with an alkaline PCT cell pH,
which leads to inhibition of ammoniagenesis. The urine pH is then invariably acid, given the lack of
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buffer, with distal proton secretion intact. In these patients, if the plasma potassium is corrected, the 
metabolic acidosis should also resolve. Since these patients often have hypertension and reduced 
GFR, administration of furosemide or thiazides may be appropriate. However, in a second subset of 
patients, hyperkalemia is not the major reason for the low rate of excretion of NH4

1; rather, these 
patients have medullary interstitial disease, causing the low rate of excretion of NH4

1, which also 
involves the cortical distal nephron, leading to hyperkalemia. Distinguishing these two etiologies may 
not always be possible. In both groups, the administration of NaHCO3 or sodium citrate is appropriate, 
as it will ameliorate hyperkalemia, both by causing shift of potassium into cells and by increasing  
distal tubular sodium delivery. In addition, recent evidence suggests that alkali may be beneficial for  
reducing the progression of chronic kidney disease in diabetic nephropathy and possible other causes 
of chronic kidney disease.

	43.	 Can	you	summarize	the	approach	to	the	diagnosis	of	metabolic	acidosis?
• Initial steps in the diagnostic approach in a patient with metabolic acidosis include the following:

 1. Identify and deal with emergencies; at times one may need to know the etiology to institute therapy.
 2. Anticipate and prevent risks that are likely to develop during therapy.

• Two major amendments are needed to the traditional approach to the patient with metabolic  
acidosis:

 1. One should not rely solely on concentration terms to determine if metabolic acidosis 
is present when the ECF volume is contracted. Rather, a quantitative estimate of the ECF 
volume is needed to calculate the content of HCO3

2 in this setting. Use the hematocrit to calcu-
late the plasma volume and thereby to calculate the content of HCO3

2 in the ECF compartment, 
especially if this latter volume may be contracted.

 2. One may assess the effectiveness of the BBS. When the BBS is compromised in skeletal 
muscle, more H1 will bind to proteins in cells of vital organs (e.g., brain, heart), and this may 
compromise their essential functions. One should not rely solely on the arterial PaCO2 for this 
assessment. Rather, the brachial or femoral venous PvCO2 reflects the capillary CO2 tension in 
that drainage bed. This is required to evaluate the effectiveness of the vast bulk of this buffer 
system to remove added H1.

• Determine whether the basis of the metabolic acidosis is a result of added acids and/or a 
deficit of NaHCO3: Look for new anions in plasma (high PAnion gap adjusted for the PAlbumin) and urine 
(high urine anion gap) and assess the rate of excretion of NH4

1. At times the new anions may cause 
serious other problems (e.g., chelation of ionized calcium by citrate anions).

• Assess the rate of excretion of NH4
1: The major renal response in chronic metabolic acidosis is a 

high rate of excretion of NH4
1. The urine osmolal gap provides the best indirect test to detect very 

high urinary NH4
1 concentration.

	44.	 How	is	acute	metabolic	acidosis	treated?
The treatment of metabolic acidosis must focus on the underlying disorder. Treatment of diarrhea with 
antibiotics, oral rehydration solutions, or antimotility medications might be appropriate. Treating the 
acidosis per se, in order to increase the arterial pH, requires the administration of bicarbonate or  
potential base, such as citrate. However, administration of alkali for acute metabolic acidosis is not 
clearly beneficial and constitutes a topic of some long-standing controversy.

Acute metabolic acidosis is especially controversial, since few data demonstrate that administra-
tion of sodium bicarbonate in acute lactic acidosis leads to the changes in outcomes one would hope 
for. There are various etiologies that may explain this failure of administration of alkali in such circum-
stances. Most importantly, the evidence does not show that intracellular pH changes in the desired 
manner. Bicarbonate may fail to have the desired effect on what is ultimately most important to cellu-
lar and protein function. In some settings, especially in the face of cardiac arrest and cardiopulmonary 
resuscitation, intravenous bicarbonate is titrated by protons and forms CO2 that can enter cells readily, 
faster than HCO3, and lower intracellular pH. Acute administration of sodium bicarbonate has other 
adverse effects. It leads to an increase in extracellular volume and a risk of pulmonary edema. It is 
hypertonic and can lead to hypernatremia. The titration of protons off albumin exposes negative 
charges that can bind calcium and cause a fall in extracellular ionized calcium, leading to a risk  
for arrhythmia, reduced cardiac contractility, and hypotension; perhaps administering intravenous  
calcium when bicarbonate is administered would be appropriate, but this strategy has not been tested 
adequately. The current “Surviving Sepsis” guidelines recommend against administration of sodium 
bicarbonate for arterial pH of 7.15 or more, and express uncertainty about whether giving it when pH 
is lower has any utility.
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In DKA, administration of insulin will lead to metabolism of acetoacetate and BHB, consuming 
a proton and, in effect, generating bicarbonate. Administration of bicarbonate is generally not 
needed unless the pH is extremely low, and can lead to metabolic alkalosis once the ketosis is  
terminated.

Alternative therapies for metabolic acidosis have been studied and thus far are not in common 
use. Tris-hydroxymethyl aminomethane (THAM) is a base that can neutralize protons without produc-
ing CO2, but has not found widespread use. Carbicarb is a preparation of sodium bicarbonate and 
sodium carbonate, which similarly also produces less CO2 when neutralizing protons. Currently there 
are studies attempting to show that blockade of sodium/hydrogen exchange may protect from an  
effect of bicarbonate that increases intracellular calcium driving cellular injury.

	45.	 How	is	chronic	metabolic	acidosis	treated?
Chronic metabolic acidosis, the result of chronic kidney disease (CKD) or RTA, more clearly benefits 
from treatment. Recent data suggest that the treatment of acidosis, even if relatively mild with serum 
bicarbonate concentrations less than 24 mEq/L, is associated with a decrease in the progression of 
CKD. Perhaps even patients with normal serum bicarbonate concentrations benefit from the administration 
of alkali, either in the form of sodium citrate or sodium bicarbonate. Some people tolerate sodium  
citrate better than they do sodium bicarbonate because the latter is associated with some production 
of CO2 in the stomach, with the base titrated by gastric HCl. Most preparations of sodium citrate 
include citric acid, which increases palatability but has no net effect on acid–base balance. This is  
because all organic acids, such as citric acid, malic acid, and acetic acid (vinegar), will be metabolized, 
yielding bicarbonate that is titrated by the accompanying proton, so that the effect on acid–base  
balance is nil. This accounts for the fact that citrus juices have an acidic pH but increase (rather than 
decrease) urine pH. This is due to the fact that some of the carboxyl anions are accompanied by  
potassium, yielding bicarbonate, and some are accompanied by protons, yielding no net change in 
acid–base balance.

The benefit may be the result of the ensuing decline in ammoniagenesis, with some evidence 
that ammonia is capable of activating complement in the kidney. Another possibility is that alkali an-
tagonizes the effects of endothelin, which both increases blood pressure and stimulates inflammation. 
In any case, the administration of alkali to patients with CKD appears to be safe and not linked to the 
increases in blood pressure associated with increased intake of NaCl. In addition, the treatment of 
metabolic acidosis appears to decrease muscle wasting in CKD.

The treatment of the acidosis resulting from RTA has other benefits. First, it is associated with 
preservation of bone mineral density. Second, the administration of citrate is useful to prevent kidney 
stones, and may also reduce the progression of nephrocalcinosis, a cause of reduced GFR. Citrate  
is an antagonist of calcium crystallization, inhibiting both calcium oxalate and calcium phosphate  
precipitation. Some of the citrate will be metabolized, chiefly in the liver, and consume protons, the 
equivalent of generating bicarbonate. Though in the case of stone prevention the goal is to increase 
urinary citrate, there will inevitably also be an increase in urine pH. While it is suggested that the  
increase in urine pH may promote calcium phosphate precipitation, the increase in citrate appears  
to largely overcome this effect, as the anecdotal evidence shows that stones are inhibited by citrate  
administration in RTA.

For RTA, citrate administration is usually achieved by giving potassium citrate, rather than  
sodium citrate, since the patients are often hypokalemic. Some people have dyspepsia from the  
preparation, in which case potassium bicarbonate may be better tolerated. Another reason that  
sodium citrate is to be avoided is because the sodium load will be accompanied by an increase in  
urinary calcium excretion, which is undesirable when kidney stone prevention and improved bone 
mineral density are the goals.

LABORATORY DATA

pH 5 7.20 (64 [H1] nmol/L)
PCO2 (arterial) 5 25 mm Hg 
HCO3

2 5 11 mmol/L
Glucose 5 180 mg/dL (10 mmol/L)
Creatinine 5 1.8 mg/dL (160 mmol/L)
Calcium (total) 5 10 mg/dL (2.5 mmol/L)

Na1 5 143 mmol/L
K1 5 6.3 mmol/L
Cl2 5 99 mmol/L
Albumin 5 4.5 g/dL (45 g/L)
Blood urea nitrogen (urea) 5 8.4 mg/dL (3.0 mmol/L)
l-lactate 5 2.0 mmol/L
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 1. The diagnostic category of metabolic acidosis is made up of two major subgroups: one where the basis of the 
disorder is the addition of acids, and the other where the basis is a major loss of NaHCO3.

 2. When the extracellular fluid (ECF) volume is significantly contracted, one must use a definition of metabolic  
acidosis that is based not only on the plasma HCO3 but also on the content HCO3

2 of in the ECF compartment.
 3. In patients with proximal renal tubular acidosis (RTA), one should not be too aggressive with the administration of 

NaHCO3, because bicarbonaturia may lead to the development of hypokalemia and the alkaline urine pH may 
increase the risk of formation of calcium phosphate stones. In patients with distal RTA from a defect in net distal 
H1 secretion, the major threat to the patient on presentation is cardiac arrhythmia from hypokalemia. Osteoporosis, 
nephrocalcinosis with chronic kidney disease, and kidney stones are also risks.

 4. The elaboration of lactate consumes protons when pyruvate becomes the terminal electron acceptor under states 
of either increased physiological stress/work or when there is true tissue hypoxia/impaired oxidative phosphorylation. 
Under either condition, glycolysis and lactate production are “anaerobic” only in that their chemistry is independent 
of tissue oxygen. Thus the finding of lactate elevation does not necessarily mean true tissue hypoxia is present. 
The underlying etiology of hyperlactatemia must be sought and treated rationally.
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INTRODUCTION AND PHYSIOLOGY

	 1.	 What	is	metabolic	alkalosis?
The metabolic alkaloses represent a heterogeneous group of disorders that have in common a high 
concentration of plasma bicarbonate [HCO3

2] and a low concentration of H1 in plasma. This constellation 
of findings can be seen in a number of different pathophysiologic entities. Hence metabolic alkalosis 
is a syndrome of metabolic findings and not a final diagnosis.

As addressed in the chapter on metabolic acidosis, an alkalosis is a process that favors an  
alkaline blood pH or alkalemia. However, an alkalosis does not guarantee alkalemia, and other  
processes, such as acidosis, may be concurrent.

	 2.	 What	are	the	mechanisms	by	which	metabolic	alkaloses	develop	and	persist?
Traditionally, the factors responsible for a rise in [HCO3

2] have been classified as those that directly 
raise [HCO3

2] and those that account for the failure of the kidneys to excrete the excess bicarbonate 
anions (Fig. 79.1). Six broad mechanisms are recognized. A and B are processes that generate 
metabolic alkalosis; C to E are contributors to the maintenance of metabolic alkalosis.

Generation:
 A. The loss of a nonvolatile acid from the extracellular fluid (ECF) compartment (e.g., vomiting)
 B. Addition of exogenous alkali (e.g., ingestion of NaHCO3)
 C. Loss of NaCl-rich fluid, leading to reabsorption of NaHCO3 (e.g., loop and thiazide diuretics)

Maintenance:
 D. Increased reabsorption of bicarbonate within the proximal tubule
 E. Increased regeneration of bicarbonate at the distal nephron
 F. Increased bicarbonate produced from the bicarbonate buffer system

With respect to A, the most common clinical example is vomiting or nasogastric suction causing 
loss of HCl (Fig. 79.2). These are common generators of metabolic alkalosis. Addition of base (B) is 
also a possible underlying mechanism but a relatively infrequent event, such as ingestion of NaHCO3. 
A large input of NaHCO3 cannot maintain metabolic alkalosis because the kidneys will readily excrete 
sodium (Na1) and HCO3

2 or potential HCO3
2 (citrate) very quickly, unless reduced kidney function is 

present. Milk-alkali syndrome is an example in which base administration occurs, and reduced glomerular 
filtration rate (GFR) accounts for a reduction in the kidney’s ability to excrete the excess base.

The secrets surrounding direct HCl loss are elaborated in much more detail later.
In the metabolic alkalosis frequently seen with the use of both loop and thiazide diuretics, the urine 

produced contains mostly NaCl and KCl, removing a portion of plasma that will lead to a higher [HCO3]. This 
initial generating phase is termed “contraction” alkalosis. The failure of the kidney to correct the [HCO3] is 
due to the ensuing deficiency of both Cl and K, leading to maintenance of the contraction-initiated alkalosis.

Augmentation of proximal bicarbonate reabsorption (D) is considered a perpetuator of alkalosis 
rather than a trigger. Bicarbonate reabsorption at the proximal convoluted tubule (PCT) is driven 
largely by angiotensin II and hypokalemia, both of which favor PCT proton excretion, which captures 
filtered bicarbonate for reabsorption. These processes, which help maintain metabolic alkalosis, are 
important mediators in states of extracellular volume depletion, or reduced effective arterial blood  
volume, which stimulate renin and angiotensin II production. When there is a reduction in effective  
arterial blood volume, reabsorption of sodium predominates over the kidney’s ability to maintain  
acid-base balance. Angiotensin directly stimulates proximal Na1/H1 exchange (NHE3), leading to 
reabsorption of NaHCO3 regardless of [HCO3

2]. Because loss of gastric acid, or the action of diuretics, 
causes loss of Cl, the reabsorption of Na1 in the PCT must be accompanied by HCO3. Potassium 
depletion with both vomiting and diuretic effects also contribute to the maintenance process.

Distal bicarbonate regeneration (E) occurs in response to distal sodium delivery and the action of 
aldosterone. These two prerequisites allow for sodium-proton exchange; the excreted proton leaves 
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the urine as ammonium chloride. Thus hyperaldosteronism is a potential generator of alkalosis. A  
secret here is that aldosterone promotes the action of the distal proton-ATPase (H1-ATPase); this 
protein lies on the luminal side of the distal convoluted tubule and excretes hydrogen ions into the  
lumen such that bicarbonate is reclaimed. In addition, hypokalemia enhances distal proton-potassium-
ATPase (H1/K1-ATPase)—a luminal facing hydrogen ion, potassium antiporter—which also leads to 
bicarbonate absorption. Thus hypokalemia and hyperaldosteronism independently potentiate the 
magnitude of renal proton excretion (or distal bicarbonate regeneration). Another secret is that 
chronic elevations of arterial carbon dioxide tension (PaCO2) up-regulate the expression of distal 
H1-ATPase and H1/K1-ATPase—the basis for metabolic compensation for chronic respiratory 
acidosis; note that these processes most appropriately are considered “compensation” rather than  
“primary metabolic alkalosis.” Stimulation of both distal H1-ATPase and H1/K1-ATPase are associated with 
enhanced appearance of bicarbonate in the blood as long as the generated protons appear in the urine.

Lastly, bicarbonate can come from underperfused muscle (F). In states with a low effective  
arterial blood volume and diminished blood flow to muscles, PCO2 in capillary blood rises. Because 
CO2 must diffuse from cells to capillaries, it follows that the intracellular PCO2 must also be high. As 
shown in Fig. 79.3, this high PCO2 will drive its conversion to H1 and HCO3

2 within skeletal muscle. 
The H1 binds to proteins in cells while the HCO3

2. exits via the Cl-/HCO3
2 anion exchanger. This 

condition will persist as long as the blood flow rate to muscles remains low.

HCO3H�

Cl� Cl�

Cl� ion channel

Balances
– HCO3 gain
– Cl� deficit

�

�
�

Stomach

CA

CO2 � H2O

Figure 79.2. Electroneutrality during the deficit of HCl. The stylized structure is the stomach with a parietal cell on its 
right-hand border. In this cell, CO2 1 H2O are converted to H1 and HCO3

– by a reaction catalyzed by carbonic anhydrase 
(CA). H1 are secreted into the lumen of the stomach by the H1/K1-ATPase, whereas K1 recycle back into the parietal cell 
(not shown for simplicity). Cl– from the extracellular fluid compartment enter parietal cells on the basolateral Cl–/HCO3

– 
anion exchanger; Cl– enter the lumen of the stomach via Cl– ion channels. Overall, there is a loss of Cl– and a gain of 
HCO3

– in the body. Thus there is also electroneutrality in all compartments.

Loss of HCl
via the GI tract

Deficit of KCl
and excretion of NH4Cl

Deficit of NaCl
(also adds HCO3 from cells)

Input of
NaHCO3

�

HCO3

ECF volume

�

Figure 79.1. Mechanisms that may lead to a rise in the PHCO3. ECF, extracellular fluid; GI, gastrointestinal.
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	 3.	 How	does	hypokalemia	affect	the	excretion	of	HCO3
2?

Loss of potassium from the extracellular space is associated with movement of potassium from the 
intracellular space to the extracellular space, necessitating movement of protons into cells. The result 
is lower intracellular pH in cells of the PCT causing activation of the NHE3 in the luminal membrane of 
this nephron segment. Consequently, there is augmented secretion of H1, leading to more reabsorption 
of NaHCO3 during hypokalemia, frequently contributing to the maintenance of metabolic alkalosis. 
Hypokalemia and the associated fall in PCT intracellular pH also stimulate ammoniagenesis, increasing 
ammonium ion (NH4

1) production and excretion:

Glutamine0 n 2 NH4
1 2 HCO3

2.

Each ammonium appearing in the urine represents the addition of an HCO3
2 to the plasma.

	 4.	 Is	there	a	tubular	maximum	for	the	renal	reabsorption	of	filtered	HCO3
2?

Under normal conditions, the kidneys reabsorb greater than 90% of filtered HCO3
2 in the PCT. As 

stated earlier, the stimuli for this process are the ambient level of angiotensin II and the usual intracellular 
pH in cells of the PCT. Consequently, to inhibit this reabsorption of HCO3

2, the effective arterial blood 
volume must be corrected (e.g., create a positive Na1 balance in cases of reduced total body Na1 
content or improve cardiac output in cases of congestive heart failure) to diminish the release of  
angiotensin II, or the pH in the cells of the PCT must rise. In addition, low GFR is often invoked as a 
perpetuator of alkalosis because low GFR prevents the high [HCO3

2] present during alkalosis from 
exceeding the maximum reabsorption (Tm) of bicarbonate. That is, the low GFR prevents greater 
HCO3

2 filtration from occurring so that Tm is not reached. In that case, there is no bicarbonaturia and 
systemic alkalosis is maintained. Bearing this in mind, we shall examine the conditions that were 
present in experimental studies that were interpreted to indicate that there is a renal threshold (Tm) 
for the reabsorption of HCO3

2 by the kidneys.
• Data to suggest that there is a renal threshold for the reabsorption of HCO3

2 by the kidneys: 
In the seminal experiments by Pitts et al. in the late 1940s, the infusion of NaHCO3 was large 
enough to expand the ECF volume sufficiently to diminish circulating levels of angiotensin II and to 
raise the pH in cells of the PCT. Hence the two physiologic stimuli for the proximal reabsorption of 
HCO3

2 were removed. Rather than relate these findings to the changes in physiologic variables, the 
conclusion was that there is a tubular maximum for the renal reabsorption of HCO3

2.
• Data to suggest that there is not a renal threshold for the reabsorption of HCO3

2: The 
design of these experiments (e.g., Purkerson et al.) was to avoid a large expansion of the ECF  
volume while creating a positive balance of NaHCO3. Even though the HCO3

2 rose, there was little 
bicarbonaturia, and hence a tubular maximum for the renal reabsorption of NaHCO3 was not 
observed. In support of this view, the range for the [HCO3

2] is from 22 to 31 mmol/L in normal 
subjects consuming a typical Western diet, and there is no appreciable bicarbonaturia at the upper 
range values for the [HCO3

2], despite much higher filtered loads for HCO3
2, because the GFR is 

relatively constant throughout the day.

Diarrhea
or DKA

Low ECFV

↑ Venous
PCO2

↑ PHCO3

↑ CO2 H� � HCO3

H•Protein�Protein

HCO3 to body� �

Figure 79.3. Generation of new HCO3
2 in skeletal muscle when there is a deficit of NaCl. The oval represents a cell 

membrane containing HCO3
2 and protein buffer systems. When the effective arterial blood volume is contracted, the 

rate of blood flow is reduced. The subsequent extraction of most of the O2 from each liter of blood flowing through the 
capillaries raises both the capillary and the intracellular fluid PCO2 (left portion of the figure). The higher PCO2 in the 
interstitial fluid and in these cells drives the synthesis of H1 and HCO3

2; the H1 bind to intracellular proteins while 
the HCO3

2 is exported to the extracellular fluid (right portion of the figure). The net result is a rise in the PHCO3. After the 
infusion of enough saline, there is a decline in capillary and, thereby, the PCO2 in cells. When these events are reversed, 
there will be a fall in the PHCO3. DKA, Diabetic ketoacidosis; ECFV, extracellular fluid volume.
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In summary, the enthusiasm for a Tm for HCO3
2 reabsorption in the PCT is based on data from

experimental conditions that removed the usual stimuli for the reabsorption of filtered HCO3
2.

Furthermore, an infusion of NaHCO3 does not represent a normal physiologic occurrence.
Two other points merit emphasis. First, a steady state with metabolic alkalosis can be achieved

and maintained when the blood pH rises sufficiently to overcome the stimulatory actions of angioten-
sin II of the reabsorption of HCO3

2 in cells of the PCT. Second, the excretion of potential HCO3
2 in the

form of organic anions such as citrate is augmented by a high pH in cells of the PCT. Higher intracellular
pH inhibits the action of the sodium-dicarboxylate cotransporter in the PCT, leading to excretion of
citrate.

	 5.	 What	other	mechanism	may	lead	to	a	rise	in	the	plasma	bicarbonate	concentration?
Because concentrations have numerators and denominators, the [HCO3

2] will rise when there is a net
addition of HCO3

2 to the ECF compartment and/or when the volume of the ECF compartment declines
(see Fig. 79.1):

PHCO3 � Content of HCO�
3 / ECF volume

The secret here is that the deficit of Na1 and Cl2 raises [HCO3
2] for two reasons. As noted

earlier, the first reason is a fall in the denominator of the ratio of HCO3
2 to ECF volume (see equation in

Question 4); this is because the major function of Na1 is to retain water in the ECF compartment.
Second—as in part 2D earlier—there is generation of new HCO3

2 in skeletal muscle because the
blood flow declines appreciably to this organ for hemodynamic reasons. To maintain steady oxygen
consumption, more oxygen is extracted per liter of blood flow. This oxygen is converted to CO2, which
leads to a high capillary PCO2 and thereby a higher intracellular PCO2 (see Fig. 79.3). As protons are
buffered by proteins, bicarbonate leaves the cell in exchange for chloride.

	 6.	 What	is	the	most	reliable	way	to	perform	a	quantitative	analysis	of	the	ECF	volume	in	patients
with	metabolic	alkalosis?
Accurate quantitative data about the ECF volume are not reliably obtained by the physical examination;
instead, the hematocrit or total protein level in plasma can often be used to obtain this information.
The hematocrit or the concentration of hemoglobin in blood will rise when there are more red blood
cells (RBCs) or fewer liters of plasma. If one ignores the Starling forces across capillaries, the changes
in the plasma volume will reflect alterations in the ECF volume. The hematocrit on admission provides
helpful information to guide initial decisions about intravenous fluid therapy and to decide when to
slow down this infusion rate.

For example, assume that the hematocrit is 0.40 and the blood volume is 5 L. Therefore the
plasma volume will be 3 L and volume of RBCs is 2 L:

Hematocrit (0.4) � RBC volume (2L)/plasma vlloume (3 L)� RBC volume (2 L)

If the hematocrit on admission is 0.60 in a patient who does not have polycythemia, the new
plasma volume can be calculated as follows:

Hematocrit of (0.6) 5 RBC volume (2L)/Blood volume (XL)

On rearranging this equation, 0.6 X 5 2.0 L and X is 3.3 L. Because 2 of these liters are red
blood cells, the remaining volume is the plasma volume (3.3 L – 2.0 L 5 1.33 L). Thus the plasma
volume has fallen from 3 to 1.33 L, and, by inference, the ECF volume is reduced to 44% of its normal
volume (i.e., 100 3 1.33 L/3.0 L 5 44%). Because hematocrit values of 0.6 can be seen in patients
with diabetic ketoacidosis or in states with severe diarrhea (e.g., cholera), the measured [HCO3

2]
will be more than twofold higher than in a similar patient who did not have such a contracted ECF
volume.

	 7.	 What	causes	the	contraction	of	the	ECF	volume?
When there is a deficit of NaCl without a simultaneous loss of NaHCO3, the content of HCO3

2 in the
ECF compartment does not change, but the [HCO3

2] rises because the denominator of the content of
HCO3

2/ECF volume (see equation in Question 4) is diminished. This contraction type of metabolic
alkalosis is particularly important when there is a large decrease in the ECF volume (e.g., in patients
with massive diarrhea or when diuretics are given to patients with congestive heart failure).

	 8.	 Are	the	abnormalities	in	metabolic	alkalosis	restricted	to	the	ECF	compartment?
No. There are abnormalities in both the ECF and intracellular fluid (ICF) compartments in patients
with metabolic alkalosis. The primary stimulus for these changes largely arises secondary to deficits
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of compounds that contain Cl2. In a small number of patients, there will be a positive balance for 
NaHCO3, but in these patients, hypokalemia plays a central role. To understand the pathophysiology, 
one must examine how electroneutrality and balance were achieved in the ECF and ICF compartments 
and in the urine, as highlighted in the following clinical example.

CLINICAL EXAMPLES OF METABOLIC ALKALOSIS

	 9.	 Loss	of	gastric	contents:	what	is	the	impact	of	a	deficit	of	H1	and	Cl2?
Removal of HCl from the stomach was first studied in seminal experiments performed by Schwartz 
and Kassirer. The initial loss of gastric contents is considered the generation phase for metabolic  
alkalosis. A deficit of Cl2 without a deficit of Na1 or K1 occurs. Based on electroneutrality, this must 
represent a deficit of an equimolar amount of H1. Hence there is a net gain of an equimolar amount 
of HCO3

2 in the body, causing alkalemia and a higher [HCO3
2]. Because gastric fluid contains relatively 

little Na1 and K1, there are no important changes in Na1 or K1 balance. Hence there are no important 
changes in the ICF compartment, merely a loss of Cl2 and an equivalent gain of HCO3

2 in the ECF 
compartment.

When the deficit is purely HCl, one could, in theory, give HCl to the patient. This choice is rarely 
made, because the administration of HCl via intravenous infusion is somewhat inconvenient. Alterna-
tively, one could give NaCl, because the expanded ECF volume will result in the excretion of the  
administered Na1 with the extra HCO3

2 that was present in the ECF compartment. The administered 
Cl2 will be retained.

However, as this initial period of gastric acid loss persists, additional events occur before the 
steady state develops. The rise in serum [HCO3

2] leads to an increase in filtered [HCO3
2]. This is 

because sodium is not yet lost and there is not a significant stimulus for renin and angiotensin II;  
consequently, there is little bicarbonate reabsorption in the PCT. Bicarbonaturia ensues, demonstrated 
by an increase in the urine pH, and obligating loss of Na1 and K1. The loss of extracellular fluid 
volume (ECFV) and the development of hypokalemia are therefore the result of renal, not gastric, 
losses. Increased renin and angiotensin II then follow.

Untreated, even were the vomiting and loss of gastric fluid to stop, a maintenance period would 
follow. The deficiency of both Cl2 and K1 will prevent the excretion of the excess generated [HCO3

2]. 
During this phase, as the filtered HCO3

2 is reabsorbed in the PCT, there is no further bicarbonaturia, 
and the urine pH is acidic. This observation is the paradoxical aciduria of metabolic alkalosis, repre-
senting the failure of the kidneys to excrete the excess generated bicarbonate. Further urinary losses 
of Na1 and K1 do not occur. Because the deficit is now mostly of KCl, the administration of 
KCl is most important. Giving NaCl alone will not correct the deficit of KCl acutely. To the extent that 
the ECFV is contracted, administration of NaCl is appropriate and will allow suppression of renin and 
angiotensin II. Repletion of Cl2 allows the kidneys to reabsorb Na1 with Cl2 instead of HCO3

2, and 
repletion of K1 suppresses other mechanisms associated with bicarbonate reabsorption discussed 
previously.

	10.	 What	are	the	diagnostic	hallmarks	of	metabolic	alkalosis	resulting	from	depletion	of	HCl?
Because of the deficit of Cl2, the urine should be virtually free of Cl2. Despite a contracted ECF 
volume, Na1 may be excreted if the urine contains bicarbonate, or anions other than Cl2. This is 
particularly the case in the generation phase when bicarbonaturia occurs, urine pH is higher than 6.0, 
and urinary Na1 and K1 losses are occurring. The secret here is that the fractional excretion of 
sodium may be high in the context of volume depletion secondary to loss of gastric acid. In addition, 
the urine may contain K1 even though the patient has chronic hypokalemia.

	11.	 What	is	the	pathophysiology	of	metabolic	alkalosis	in	patients	with	primary	high	mineralocorticoid	
activity?
In patients with primary hyperaldosteronism, caused by either benign adrenal adenomas or bilateral 
adrenal hyperplasia, metabolic alkalosis and hypertension are expected. H1-ATPase activity is directly 
stimulated. There is an initial positive balance of NaCl as a result of actions of mineralocorticoids.  
Distal tubular and collecting duct epithelial sodium channel (ENaC) activity are increased and  
hypertension results. Renin and angiotensin II secretion are suppressed. Secondly, there is excretion 
of K1. Mineralocorticoids facilitate kaliuresis through several mechanisms. Stimulation of ENaC activ-
ity makes the luminal potential difference more negative, facilitating K1 secretion by the renal outer 
medullary K1 channel, ROMK. ROMK channel open activity also is increased. In addition, this negative 
luminal potential difference facilitates the activity of H1-ATPase, further stimulating distal proton 
secretion.
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The resulting deficit of K1 and hypokalemia acidifies proximal convoluted tubular cells, stimulates 
proximal NaHCO3 reabsorption, and stimulates sodium/citrate reabsorption, causing retention of 
dietary alkali and lowering excretion of citrate. However, this process is opposed by suppression of  
renin and angiotensin II by the volume-expanding effect of aldosterone, suppressing NHE3 activity. An 
increased rate of excretion of NH4

1 due to hypokalemia also follows.
In total body terms, there is net gain of NaHCO3. When plasma bicarbonate rises sufficiently to 

return the ICF pH toward normal, these patients can achieve acid-base balance by excreting appropriate 
amounts of NH4

1 and organic anions in the urine, as dictated by their dietary intake but at a higher 
[HCO3

2]. Note that these patients are not Cl2 depleted and urine Cl2 is not low. As H1-ATPase activity is 
stimulated, urine pH is generally 6.0 or less.

CLINICAL APPROACH

	12.	 What	is	the	optimal	clinical	approach	to	the	patient	with	metabolic	alkalosis?
A concise and clinically relevant approach to the patient with metabolic alkalosis is provided in  
Fig. 79.4. The first step is to rule out the common causes of metabolic alkalosis: vomiting and use of 
diuretics. Although this may be evident from the clinical history, some patients may deny the intake  
of diuretics or previous vomiting. Examining the urine electrolytes is particularly helpful for this  
diagnosis. The traditional classification distinguishes those with Cl2-responsive alkalosis from those 
with Cl2-unresponsive alkalosis, so begin with the concentration of Cl2 in the urine (UCl). A very low 
UCl is expected when there is a deficit of HCl and/or NaCl as in vomiting. The recent intake of diuretics 
will cause the urinary excretion of Na1 and Cl2 to be elevated. However, note that after diuretic action 
wears off, UCl will be low, so that diuretics should be seen as causing Cl2-responsive alkalosis. The 
UNa may be high if there is a recent episode of vomiting, representing further generation of metabolic 
alkalosis, in which case bicarbonaturia and higher urine pH are expected. This increase in UNa during 
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Is the UCl ~ 0?

• May be denied
• Recent diuretics
  UCl will be low if
  diuretic is stopped

• Recent vomiting,
  especially if the
  urine [Na] is high

• Remote vomiting
• Remote diuretics

• Bartter’s-like syndromes
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Figure 79.4. Clinical approach to the patient with metabolic alkalosis. The UCl should be close to nil if the cause of 
metabolic alkalosis is vomiting or the remote use of diuretics. If the UCl is not low, an assessment of “effective” arterial 
blood volume and blood pressure helps separate patients with disorders of high primary mineralocorticoid activity from 
those with Bartter’s-like syndromes. CaSR, Calcium sensing receptor in thick ascending limb of the loop of Henle; UCl, 
concentration of Cl– in the urine.
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the generation of metabolic alkalosis is why the UCl is considered the best test because it is low 
whether the patient is in the generation or maintenance phases.

Another state of Cl2-responsive metabolic alkalosis is posthypercapneic metabolic alkalosis. This 
occurs in patients with chronic respiratory acidosis whose metabolic compensation in response to  
increases in PCO2 leads to increases in serum [HCO3

2]. If exacerbation of pulmonary disease leads to 
sudden intubation and some degree of hyperventilation with a decrease in PCO2, the bicarbonate 
is now high, the PCO2 is near normal, and metabolic alkalosis is present. This posthypercapneic 
alkalosis is a state of Cl2 depletion as the kidneys were responding to the respiratory acidosis by 
preferentially reabsorbing Na1 in the PCT with HCO3

2 and excreting Cl2. Correction of the serum 
[HCO3

2] will occur only when Cl2 is administered. Because giving Na1 is often undesirable in such 
situations, when heart failure may be present and the goal is to keep the alveoli dry, KCl is usually the 
preferred therapy. 

Cl2-unresponsive metabolic alkalosis is generally associated with syndromes that have 
increased mineralocorticoid activity. If the UCl is not low, assessment of effective arterial blood 
volume and blood pressure will help diagnose patients with disorders of high primary mineralocorti-
coid activity (effective arterial blood volume is not low, hypertension is present). These patients may 
be separated from those with syndromes causing tubular dysfunction of normal Na1-reabsorptive 
processes. These patients resemble those taking diuretics because they have mutations in genes 
coding for Na1 transporters. Patients with mutations in genes that lead to changes in the activity 
of the K-dependent sodium chloride transporter in the thick ascending limb of the loop of Henle  
have Bartter syndrome and have a phenotype similar to those taking loop diuretics. Those with  
mutations causing dysfunction in the sodium chloride cotransporter expressed in the distal tubule 
have Gitelman syndrome and appear as though they are taking thiazides. Both have low effective  
arterial blood volume with the absence of hypertension. Both have hypokalemia and metabolic  
alkalosis. However, the patients with Gitelman have low urine calcium, consistent with the effects  
of thiazides, whereas those with Bartter have increased urine calcium, consistent with the effect  
of loop diuretics. Another secret for distinguishing genetic abnormalities from surreptitious diuretic  
use is serial measurements of UCl in spot urine samples. Patients with Bartter or Gitelman syn-
dromes should have persistently high UCl, whereas those with diuretic abuse will have intermittently 
high UCl.

	13.	 What	is	the	major	differential	diagnosis	in	a	patient	who	has	metabolic	alkalosis,	a	urine	Cl2	
concentration	that	is	not	low,	and	a	contracted	ECF	volume?
In this setting, one must look for the basis for a deficit of HCl, KCl, and/or NaCl. The most common 
cause is the chronic use of diuretics; to reiterate, the UCl is low when the diuretics are not working. 
There is also one other group of causes to exclude—the presence of a drug, cation, or cationic  
protein that binds to the calcium-sensing receptor (Ca-SR) in the basolateral membrane of the thick 
ascending limb of the loop of Henle. The major ligands for the Ca-SR are a high concentration of  
ionized calcium in plasma, cationic antibiotics such as gentamicin, and circulating cationic proteins  
as seen in immunologic disorders or with disorders such as multiple myeloma. A clue for the latter 
condition is a lower-than-expected value for the anion gap in plasma adjusted for the concentration of 
albumin in plasma.

	14.	 When	is	base	administration	associated	with	persistent	metabolic	alkalosis?
Base administration may be a generation phase of metabolic alkalosis when kidney function is  
reduced and the kidneys do not excrete the bicarbonate as rapidly as usual. Occasionally patients 
with kidney failure may take NaHCO3 as an antacid and with very low GFR develop metabolic alkalosis. 
They may have correction of the high [HCO3] at the time of their next dialysis treatment, at which time 
they should undergo hemodialysis with a lower dialysate [HCO3]. Eventually, normal metabolism and 
diet will lead to production of protons that will also reduce the [HCO3].

Another cause is the milk-alkali syndrome. Administration of calcium-containing antacids, 
mostly calcium carbonate, cause reduced GFR, hypercalcemia, and hypercalciuria. Deposition of 
calcium phosphate in the kidney parenchyma is a cause of nephrocalcinosis and chronic kidney 
disease, which also reduces GFR. The carbonate is potential base, titrating protons, and vomiting is 
sometimes present as well. Metabolic alkalosis contributes to perpetuating the hypercalcemia as it 
stimulates distal tubular reabsorption of calcium. Hypercalcemia worsens GFR by causing renal va-
soconstriction and stimulating the Ca-SR, leading to natriuresis and diuresis and volume depletion. 
Suppression of PTH leads to reduced bone turnover, which suppressed the ability of bone to take 
up calcium.
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 1. Concentrations have numerators and denominators. Thus the [HCO3
2] will rise when the content of 

HCO3
2 increases and/or when the volume of the extracellular fluid (ECF) compartment declines. 

Hence metabolic alkalosis represents a heterogeneous group of disorders.
 2. Support for a Tm for HCO3

2 reabsorption in the proximal convoluted tubule is derived from data from 
the infusion of Na1 1 HCO3

2, but this is not a physiologically relevant setting.
 3. Classification of the common forms of metabolic alkalosis should be based on deficits of HCl, KCl, 

and/or NaCl (i.e., do not focus only on Cl2 deficiency because this is a partial description of the 
pathophysiology).

 4. Measuring the concentration of Cl2 in the urine is an excellent first step in the clinical approach to 
patients with metabolic acidosis.

 5. A quantitative estimate of the degree of contraction of the ECF volume is helpful because it will  
indicate the magnitude of the deficit or surplus of HCO3

2 in the ECF compartment.
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OVERVIEW OF PALLIATIVE CARE AND ROLE IN NEPHROLOGY CARE

	 1.	 What	is	palliative	care?
Palliative care is specialized care that treats the symptoms and burdens associated with serious  
illness. Palliative care is delivered by an interdisciplinary team that includes physicians, nurses, social 
workers, and chaplains.

Palliative care is not synonymous with hospice care (see later).

	 2.	 What	are	the	domains	of	palliative	care?
Palliative care collaboratively addresses multiple domains for patients with serious illness. These  
domains include:
• treatment of distressing physical and psychological symptoms
• help outline goals and preferences for treatment decision making and end of life
• support spiritual needs and beliefs
• address caregiver needs

	 3.	 How	does	palliative	care	differ	from	hospice?
Palliative care is appropriate at any stage of serious illness. Hospice care is a Medicare benefit  
provided to patients with terminal illness or when prognosis is likely less than 6 months and the goals 
of care have shifted toward symptom management rather than life-prolonging therapies. The broad  
domains of palliative care are still used, but the structure of care is focused on symptom relief and 
bereavement needs as patients’ approach end of life.

A helpful schematic (Fig. 80.1) shows the gradual shift from curative to palliative care and 
eventual hospice care over the illness course.

	 4.	 What	age	group	of	the	chronic	kidney	disease	(CKD)	population	has	the	highest	rates	of	dialysis	initiation?
Based on data from the US Renal Data Service (USRDS), adults older than 75 years have the highest 
rates for dialysis initiation. This subset of patients presents an important challenge to nephrologists 
due to their limited prognosis, high symptom burden, and increased need for palliative care.

	 5.	 How	can	palliative	care	be	helpful	in	nephrology	practice?
Nephrologists care for a medically complex population who are at risk for having untreated symptoms, 
medical setbacks, and limited survival. Palliative care domains that specifically address nephrology 
needs fall into three domains:
• Symptom management
• Shared decision making
• Advance care planning

Curative treatment

Palliative care

Hospice

Bereavement
care
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Figure 80.1. Focus of care through chronic disease. The spectrum of curative treatment, palliative care, and hospice through
chronic disease. (Modified from Ferris, F. D., Balfour, H. M., Bowen, K., Farley, J., Hardwick, M., Lamontagne, C., . . . West, P. J.
(2002). A model to guide patient and family care: Based on nationally accepted principles and norms of practice. Journal of
Pain and Symptom Management, 24, 115. Elsevier.)
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SYMPTOM MANAGEMENT

	 6.	 What	is	the	prevalence	of	symptoms	in	end	stage	kidney	disease	(ESKD)?
Studies from patients with ESKD have shown that physical symptoms such as pain, fatigue, and  
pruritus are present in a majority of hemodialysis patients. The severity of symptom burden correlated 
with decreased health-related quality of life. Dialysis patients are at increased risk for depressive 
symptoms, with a prevalence of approximately 20%.

	 7.	 Is	there	a	substantial	difference	in	the	symptoms	reported	by	patients	with	CKD	versus	those	who	
have	started	dialysis?
The prevalence of patient-reported symptoms, quality of life, and presence of depression are not  
substantially different between patients with CKD and those who have started dialysis.

	 8.	 What	are	the	most	common	symptoms	reported	by	patients	with	advanced	CKD	or	ESKD?
Fatigue, worrying, pruritus, dry skin, dry mouth, feelings of sadness, sleep disturbances, irritability, 
loss of libido, and muscle cramps were reported by at least 40% of patients in either the CKD or  
ESKD group in a study of 177 patients.

From the same study, at least 20% of patients in either the CKD or ESKD group reported having 
pain or soreness, shortness of breath, anxiety, constipation, edema, restless legs, diarrhea, anorexia, 
headache, cough, nausea, lightheadedness or dizziness, and lower extremity paresthesias.

	 9.	 How	aware	are	nephrologists	of	symptoms	reported	by	patients?
Symptom management is a top priority for patients. Despite this, these symptoms are not commonly 
identified or known by their treating nephrologists. Based on a study of dialysis patients and their  
providers, at least 25% of providers answered “Don’t know” for the 10 most commonly reported 
symptoms by patients. Current evidence suggests that nephrology providers’ unawareness of  
symptoms is one of the main barriers to improving quality of life for patients with renal disease.

	10.	 What	screening	tools	are	available	to	help	nephrologists	uncover	symptoms?
Four commonly used tools are the Palliative Care Outcome Scale, Dialysis Symptom Index, Kidney 
Disease Quality of Life, and Edmonton Symptom Assessment System.

	11.	 What	are	the	treatment	options	for	these	common	symptoms?
A variety of treatment options exist with a wide spectrum in the quality of the underlying evidence. 
See Table 80.1 for a summary of the general approach to three common symptoms that affect 
nephrology patients.

Table 80.1. Approaches to Address Symptoms Associated With Kidney Disease

SYMPTOM GENERAL APPROACH

Fatigue Evaluate for common conditions such as anemia, hypothyroidism, severe  
hyperparathyroidism, depression, malnutrition, sleep disturbances, or hypotension.
Perform a careful medication review

Adverse drug reactions (especially from antihypertensives) are common.
Consider adjustments to the dialysis prescription.

This may include changes to shift timing, treatment duration, and treatment frequency.

Pruritus Evaluate for common conditions such as uremia, hyperphosphatemia, hypercalcemia, 
hyperparathyroidism, dry skin, contact dermatitis, anemia, or drug sensitivity/allergies.
Skin care measures include

Minimizing use of harsh soaps and fragrances
Use of topical emollients
Avoidance of hot water during bathing or showering
Use of humidifiers in winter seasons

Potential pharmacologic therapies include:
Low-dose gabapentin
Phototherapy
Topical camphor or menthol

Dermatologic consultation may be needed for select patients
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Table 80.1.  Approaches to Address Symptoms Associated With Kidney Disease 
(Continued)

SYMPTOM GENERAL APPROACH

Pain Assess for description of pain; whether the pain is episodic or constant; and whether 
the duration is expected to be acute or chronic
Distinguish pain from dialysis associated cramping
Determine whether pain is thought to be nociceptive or somatic (or both)

Analgesics should target appropriate pain type
Individualized plan for analgesic selection based on age and comorbidities

Inquire about ongoing psychosocial distress, depression, anxiety, sleep complaints,  
or labile mood

If present, addressing these first may be beneficial
Consideration can be given to nonopioid treatments and nonpharmacologic  

measures such as mild to moderate exercise or cognitive behavioral therapy
Use of opioids should be used if other measures fail

With proper assessment of risk for misuse, opioids can be safely used in dialysis 
patients

Opioids safe in dialysis patients include fentanyl and methadone. Hydromorphone 
and oxycodone can be used though doses should start low with longer time  
intervals between doses (e.g., every 6–8 h as needed instead of every 4 h).

SUPPORT SHARED DECISION MAKING

	12.	 What	is	shared	decision	making?
Shared decision making is a collaborative process through which the clinician and patient arrive at
a decision that is mutually agreeable to both of them and informed by the patient’s values and
preferences. A shared expertise is necessary to develop a patient-centered plan of care—the clinician
as the expert in current evidence and best practice, with the patient as the expert in his or her own
values and preferences.

	13.	 What	characteristics	of	patients	with	kidney	disease	underscore	the	importance	for	shared
decision	making	in	this	population?
• Limited life expectancy: Survival among patients with ESKD is comparable to many common

malignancies, and 1-year mortality for nursing home patients initiated on dialysis is more than
50%. Shared decision making is therefore an essential mechanism to deliver care that is consistent
with patients’ values and preferences.

• Unmet symptom and end-of-life needs: Nephrology patients report substantial unmet needs in
palliative care, and hospice use remains low for ESKD patients. Shared decision making encourages
providers and patients to discuss and plan for future burdens and setbacks related to a given
treatment path.

• Modality selection: For those initiating renal replacement therapy, modality selection is fundamentally
based on the process of shared decision making.

	14.	 How	can	prognostication	facilitate	shared	decision	making?
Most patients want to hear prognostic information. Knowing their prognosis may help patients make
decisions that are consistent with their values and preferences and be more engaged in their care,
not just with nephrology providers, but with their family and/or surrogate decision makers.

	15.	 Are	there	tools	to	help	estimate	prognosis?
Validated prognostication tools have been described in the literature. It is important to emphasize that
these tools share the same limitations as any prediction algorithm; the accuracy of their results tends
to be highest at an aggregate, population level. Their accuracy is limited in evaluating individual
patients. Table 80.2 describes some of these prediction models.

	16.	 Do	patients	want	to	know	their	prognosis?
Based on data from a Canadian study involving 584 patients with advanced CKD, more than
90% reported that it was somewhat or extremely important for them to be informed about their
prognosis.
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Table 80.2. Studies Examining Survival Prediction in Kidney Disease

PROGNOSTIC 
MODEL VALIDATION COHORT USEFUL FOR DESCRIPTION

Cohen LM et al.a Patients on maintenance 
hemodialysis at outpatient 
centers in the northeastern 
United States

Estimating chance 
of survival at  
6 months

An integrated model that 
uses five components:
 1. Advanced age
 2. Dementia
 3. Peripheral vascular disease
 4. Decreased albumin
 5. Positive “surprise question”
(“Would I be surprised if the 
patient died within the next 6 
months?”)

Moss AH et al.
“Surprise  
question”

Patients on maintenance 
hemodialysis at outpatient 
centers in West Virginia

Identifying  
patients who 
may benefit from 
palliative care  
intervention

Nurse practitioners were 
asked if they would be  
surprised if the patient died 
in the next 12 months. The 
odds ratio for death in  
12 months in the “no” group 
versus the “yes” group was 
3.5 (95% CI, 1.4–9.1)b

Thamer M et al. Retrospective observational 
cohort study of 69,441  
patients who started dialysis 
in the United States with 
an analysis of pre-ESKD 
Medicare claims to build a 
prediction model

Estimating risk of 
3- and 6-month 
mortality for  
incident dialysis 
patients

A simple risk score is  
computed from common  
clinical characteristics. 
Scores range from 0 to 9, 
with higher scores correlating 
with shortened survival.

Couchoud CG  
et al.a

Retrospective observational 
cohort study of 24,348  
patients who started  
dialysis in France

Estimating risk of 
3-month mortality 
for incident  
dialysis patients

A risk score is computed 
from common clinical  
characteristics. Scores range 
from 0 to 25, with higher 
scores correlating with  
shortened survival.

aDenotes that an online calculator is available at https://www.qxmd.com/calculate/.
bDenotes confidence interval.

	17.	 Aside	from	renal	replacement	therapy	and	transplantation,	what	treatment	options	are	available	to	
patients	with	advanced	CKD?
Although an individualized approach is essential, there are two main options:
• Comprehensive conservative care (CCC): a multidisciplinary approach using the principles of  

nephrology, palliative care (and hospice when necessary), to manage CKD without dialysis.
• Time-limited trial of dialysis: initiation of dialysis for the purpose of achieving predetermined goals 

within a specified timeframe.

	18.	 What	is	the	philosophy	of	comprehensive	conservative	care?
To use medical therapies such as blood pressure and volume control, anemia management, nutritional 
interventions, and palliative care assessments to maximize quality of life. There is a shift in focus from 
biochemical optimization to aggressive symptom management.

Data from Cohen, L. M., Ruthazer, R., Moss, A. H. & Germain, M. J. (2010.) Predicting six-month mortality 
for patients who are on maintenance hemodialysis. Clin J Am Soc Nephrol 5, 72–79; Moss, A. H. et al. 
(2008.) Utility of the ‘surprise’ question to identify dialysis patients with high mortality. Clin J Am Soc 
Nephrol 3, 1379–1384; Thamer, M. et al. (2015.) Predicting Early Death Among Elderly Dialysis Patients: 
Development and Validation of a Risk Score to Assist Shared Decision Making for Dialysis Initiation. Am. 
J. Kidney Dis. 66, 1024–1032; Couchoud, C. G. G., Beuscart, J.-B. R. B., Aldigier, J.-C. C., Brunet, P. J. & 
Moranne, O. P. (2015). Development of a risk stratification algorithm to improve patient-centered care and 
decision making for incident elderly patients with end-stage renal disease. Kidney Int. 88, 1178–1186.

http://www.qxmd.com/calculate/
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	19.	 Are	there	subsets	of	patients	for	whom	the	benefit	of	initiating	dialysis	is	unclear?
There are two broad categories of patients for whom dialysis may be of unclear benefit. The first  
category is in the outpatient setting, where patients with advanced CKD and other comorbidities may 
be candidates for CCC. CCC is ideal for patients for whom dialysis is unlikely to add benefit and may 
cause substantial burdens. These characteristics include but are not limited to:
• Advanced age (.75 years) with frailty or ischemic heart disease with reduced ejection fraction
• Patients who have limited prognosis due to advanced coexisting conditions
• Patient goals that are consistent with maximizing quality of life and for whom dialysis would  

negatively impact quality of life
• Presence of geriatric syndromes such as cognitive or functional impairment.

The second category is in the inpatient setting, where critically ill patients with acute kidney injury 
prompt dialysis discussions. In these situations, in which the chances for meaningful recovery are 
very small or the burdens of the dialysis treatment itself are great, withholding dialysis or a time- 
limited trial may be suitable. These decisions often depend on the patient’s goals and preferences.

ADVANCE CARE PLANNING (ACP)

	20.	 What	is	advance	care	planning?
Advance care planning is the process through which healthcare providers engage patients and their 
caregivers about their preferences for current and future care with emphasis on facilitating future 
choices. This process typically includes a discussion about advanced therapies (such as dialysis or 
chemotherapy) and end-of-life preferences.

	21.	 What	is	an	“illness	trajectory”?
Illness trajectories describe the time-related decline of functional status across a spectrum of illnesses 
(Fig. 80.2). The concept is useful at an epidemiologic scale and may help clinicians predict future 
care needs and care preferences. Variability and uncertainty among illness trajectories, including  
sudden declines in functional ability, highlight the importance of timely discussions of patients’  
preferences and identification of surrogate decision makers.

	22.	 Is	there	an	ideal	time	to	discuss	advance	care	planning?
ACP is appropriate for all patients with kidney disease and not merely reserved for the elderly, frail,  
or those suffering from a terminal illness. It is not necessarily limited to the end-of-life context, but  
includes decision making about curative, invasive, or advanced therapies throughout the illness 
course. When dealing with a CKD population, a discussion of ACP topics should therefore be woven 
throughout longitudinal interactions with patients.

Time

Functional
status

Colon cancer

Dementia

ESRD, heart failure,
COPD (beaded line)

Figure 80.2. Illness trajectories in serious illness. COPD, Chronic obstructive pulmonary disease. ESRD, End stage renal 
disease. (Data from Holley, J.L. (2012). Advance care planning in CKD/ESRD: an evolving process. Clin J Am Soc Nephrol, 
7:1033–1038, and Murtagh, F.E.M., Addington-Hall, J.M. (2007). Symptoms in advanced renal disease: a cross-sectional 
survey of symptom prevalence in stage 5 chronic kidney disease managed without dialysis. J Palliat Med. 10:1266–1276.)
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	23.	 Who	should	be	involved	in	ACP?
Evidence suggests that patients think communication about ACP topics is important. Specifically, 
stronger involvement of the nephrologist is something that patients may desire when it comes to  
discussing their values and preferences. This process should also involve family and caregivers who 
often serve as surrogate decision makers when a patient no longer has capacity or is too medically ill 
to participate in end-of-life decision making.

	24.	 What	are	some	of	the	documents	used	in	ACP?
There are many documents beyond the Do Not Resuscitate form that may be useful for ACP. Some  
of these include physician orders for life-sustaining treatment, Five Wishes, and state- or institution- 
specific advance healthcare directives. Table 80.3 provides an overview of the purpose of many of 
these forms. Reviews of useful advance directives, as well as their limitations, are available in the  
literature (Holley JL, Clin J Am Soc Nephro, 2012).

	25.	 How	can	ACP	help	patients?
The ACP process results in delivery of care that aligns with patients’ preferences and therefore results 
in increased patient satisfaction. In addition, because identification of a surrogate decision maker  
is an important part of ACP, involvement of family and caregivers results in an improvement in  
bereavement outcomes, such as depression and anxiety among surviving family members.

	26.	 What	is	known	about	end-of-life	preferences	for	dialysis	patients?
There are limited data on this issue, but survey results suggest patients want to know more about 
hospice services and withdrawal from dialysis. Furthermore, results from a single study suggest that 
patients may prefer to die at home or in hospice rather than in a hospital.

	27.	 What	is	the	end-of-life	experience	in	ESKD?
A study examining the last month of life for ESKD Medicare recipients older than 65 years in the 
United States found that 76% were hospitalized, approximately half were admitted to an intensive 
care unit (ICU), and 29% received at least one intensive procedure (defined as cardiopulmonary  
resuscitation, mechanical ventilation, or insertion of a feeding tube). In addition, approximately  
45% died in a hospital. Only 20% of ESKD patients used hospice services in the last month of life, 
whereas those with cancer or heart failure had hospice use rates at least twofold higher than  
dialysis patients.

Table 80.3. Advance Directives

TYPE DESCRIPTION OR PURPOSE

Generic advance directive or 
“living will”

A document of variable length, specificity, and interpretability 
that aims to clarify a patient’s preferences about medical  
therapies and/or end-of-life care.

Declaration of surrogate  
decision-maker

Identifies an adult individual who can make healthcare decisions 
for the patient when he/she is unable to do so.

Physician Orders for Life  
Sustaining Treatment (POLST)

An actual physician signed order that outlines a patient’s care 
goals, including code status and preferences for life-sustaining 
treatments. Because POLST forms are a translation of a patient’s 
goals and preferences into an order, they are less ambiguous 
than some typical advance directive documents. POLST forms 
are available in most states and document names will differ by 
state.

Do not resuscitate (DNR) A physician order (sometimes with patient co-signature) that 
prohibits initiation of cardiopulmonary resuscitation in the event 
of cardiac arrest. A patient who elects a DNR plan of care is still 
able to receive curative therapies such as invasive procedures, 
intensive care unit care, chemotherapy, mechanical ventilation, 
or dialysis.

To maintain broad applicability, general terminology is used. There is state-level variability in terminology and 
legal differences exist throughout the United States.
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 1. Palliative care focuses on treating or alleviating the symptoms and burdens associated with any  
serious illness.

 2. Palliative care can be provided at any time during the course of a serious illness and is not synonymous 
with hospice, which is a Medicare benefit for patients with a terminal illness or a prognosis less 
than 6 months.

 3. Incorporating palliative care principles into nephrology can help improve symptom management, 
shared decision making, and advanced care planning for patients with CKD or ESKD.

 4. Hemodialysis patients have very high symptom burden and low health-related quality of life. A  
majority of them report pain, fatigue, and pruritus.

 5. Shared decision making is a collaborative process through which the clinician and patient attempt 
to align goals in order to arrive at a decision that is mutually agreeable to both of them.

 6. In situations in which dialysis is thought to have minimal benefit, other treatment options include 
comprehensive conservative management or a time-limited trial of dialysis.

KEY POINTS

	28.	 What	is	known	about	the	dialysis	withdrawal?
There is heterogeneity in the literature in how to define deaths due to dialysis withdrawal. However, 
estimates from USRDS suggest that approximately 20% of patients with ESKD die due to withdrawal 
from dialysis.

Based on a retrospective analysis, patients who discontinued dialysis had a mean survival of  
7 days after enrollment into hospice. This is significantly shorter than patients who enroll for reasons 
unrelated to renal failure. Clinical characteristics that predicted shortened survival include male sex, 
low functional status, referral from a hospital, and the presence of peripheral edema.

	29.	 Are	there	guidelines	about	dialysis	initiation	and	withdrawal	from	dialysis	that	nephrology		
providers	can	use?
A multidisciplinary clinical practice guideline including input from the Renal Physicians Association 
and the American Society of Nephrology has been published and makes recommendations focusing 
on many concepts covered in this chapter.
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	 1.	 Why	the	history	of	nephrology?
“To understand a science it is necessary to know its history,” said August Comte (1798–1857), 
founder of modern sociology. Rooted in sociology, this saying evolved into what is now known as the 
theory of path dependence, which explains how decisions made in any given new circumstance are 
determined and limited by decisions made in the past, even though past circumstances may no  
longer be directly relevant to present ones. This almost intuitively self-evident truth of social behavior 
applies to the science of decision making in general and has led to three Nobel Prizes. This is why the 
history of any science, and that of nephrology in particular, does matter.

Broadly defined, one can argue that the history of diseases of the kidney can be traced to  
antiquity. On the other hand, strictly defined, the specialty dedicated to the study of the kidney and its 
diseases, nephrology, is a relatively new discipline that emerged in the latter half of the 20th century. 
Although the term nephrology appears in medical dictionaries of the 1840s, and most nephrologists 
trace their origins to Richard Bright’s description of the association of proteinuria with kidney disease 
in 1827, the term did not enter medical parlance until the 1960s (see the following section of this 
chapter). As such, nephrology has a rather short albeit rapidly expanding history.

Why then the history of nephrology? From the outset, it is important to admit that historical knowledge 
is not necessary to the practice of good medicine by any well-rounded nephrologist, or to doing solid  
nephrology research by any well-trained investigator. The once lofty answer that, as a learned profession, 
medicine has interests that transcend its utilitarian purpose is no longer tenable. However, the fact re-
mains that most notable leaders and contributors to the medical sciences are well versed in the humani-
ties and knowledgeable of the history of their discipline as any reading of the acceptance lectures of 
past Nobel laureates in chemistry or physiology or medicine will clearly reveal (see: nobelprize.org). And 
as stated by a founder of scientific medicine, William Osler (1849–1919), “History and the knowledge of 
men are as much part of medicine as the latest technical devices and the knowledge of science.”

That may sound as a tenuous argument, particularly by those enamored with the rapid pace  
of nephrologic advances, who in their quest for new truths reject the past as obsolescent. In this  
regard, it is worth noting that current research can be appreciated best when considered in its  
historical context. This should be evident to all medical investigators, no matter how narrow their  
field of research and whether or not they realize it, and not only because they are part of a grand  
historical tradition. More importantly, however limited their care for the history of nephrology, their  
ultimate research motivation is to discover some new truth to change the course of their very  
research topic. Stated otherwise, they are actually doing research in a quest for a place in history.  
As such, the realization of their own rich professional heritage and the very raison d’être of research 
can only enrich their intellectual satisfaction and will provide them with reassurance when facing the 
trials and tribulations of research. In essence, belittling the past is detrimental only to their own full 
appreciation of the very work they are engaged in.

By the same token, one may ask whether the practice of nephrology deprived of its history 
makes one an inferior clinician. Surely not. However, as a first consideration, it is worth noting that 
history is engrained in the very practice of medicine. Any good clinician—even those with no interest 
in history—must be a good historian who can dig up and record the facts of the “past medical history” 
of every patient encountered. That is the aim of every aspiring clinician so well promulgated by one 
considered the ultimate clinical scholar, William Osler, whose statement on the importance of the  
history of medicine has been quoted earlier. Osler’s statement can be taken with a grain of salt in  
current rapidly evolving science of medicine, but familiarity with the work of one’s predecessors does 
add to the appreciation and enjoyment of one’s daily practice of medicine.

To sum up, why history in general, and that of nephrology in particular, is important may have 
been answered best by the English historian, Thomas Fuller (1608–1661):

History maketh a young man to be old, without either wrinkles or grey hairs; privileging him with the experiences of age, 
without either the infirmities or inconveniences thereof. Yea, it not only maketh things past, present; but enableth one to 
make a rational conjecture of things to come.



590 NEPHROLOGY BEGINNINGS

August Comte may have been right after all. Knowing the history of nephrology will not only 
make it easier to understand the science of nephrology but will also enrich its daily practice by those 
pursuing it as an avocation.

	 2.	 When	did	nephrology	emerge	as	a	medical	specialty?
Words involving the Greek root nephros for the kidney have been used for centuries. The word 
“nephrology” as a discipline for the study of the kidney in health and disease came into use in the 
opening decades of the 19th century but did not actually enter the parlance of medicine until the  
middle of the 20th century, at which time several events contributed to the emergence of nephrology 
as a medical specialty. First was the continued and increasing number of published articles on kidney 
function that had been prompted by the World War II medical effort to study shock, climatic adaptation, 
renal clearance of drugs, and hemodynamics. Second was technological advances that were of direct 
clinical relevance to kidney disease, specifically dialysis, kidney transplantation, and kidney biopsy.

The first physician to call himself a “nephrologist,” as one who specializes in diseases of the 
kidney, was Arthur Arnold Osman (1893–1972) in 1945, who went on to help found the U.K. Renal  
Association in 1950 and served as its first president for the next 6 years. The Italian Società Italiana di 
Nefrologia was founded thereafter in 1957, and the French Société de Nephrologie in 1959. The first 
medical publication devoted to the discipline, Minerva Nefrologica, appeared in Italy in 1957. As the 
number of physiologists, pathologists, and clinicians interested in the kidney increased, the membership 
of these societies increased and new national organizations were established. In 1960 the first  
international meeting of nephrologists was held in Evian, leading to the establishment of the International 
Society of Nephrology in 1961 and the launching of its first official journal, Nephron, in 1964. The 
American Society of Nephrology was founded in 1966, and its official journal, the Journal of the 
American Society of Nephrology, was published in 1990.

As a result, all the “nephrophiles” of the past and the budding “nephrologists” thereafter now 
had a discipline to rally around.

	 3.	 When	was	the	first	artificial	kidney	used	in	humans?
Thomas Graham (1805–1869), a physical chemist whose seminal work on osmotic forces of fluids 
paved the way to hemodialysis, has been dubbed the father of modern dialysis. His studies on the  
behavior of biological fluids across a semipermeable membrane presaged the development of an  
artificial kidney and formulated the scientific basis of clinical dialysis, specifically that blood flowing in 
a semipermeable membrane that is in contact with an electrolyte solution (dialysate) allowed for the 
diffusion of small molecules from blood into the dialysate.

The first use of dialysis in vivo, so called vividiffusion, was in rabbits and dogs by John Jacob 
Abel (1857–1928) and his associates at Johns Hopkins in 1912 and 1913. His primitive attempts at 
dialyzing a few patients were utter failures, but it was his machine that was first dubbed an “artificial 
kidney” by a correspondent of the London Times. Tentative attempts at dialysis of humans were undertaken by 
Georg Haas (1886–1971) in Giessen in the 1920s, using collodion membranes and hirudin as anticoagulant 
that had also been used by Abel. Collodion and hirudin had to be prepared fresh, were not standardized, were 
difficult to sterilize, and soon led to the abandonment of clinical dialysis.

Practical dialysis became possible in the early 1940s as a result of two new substances: a  
cellulose acetate (cellophane) membrane and a new anticoagulant heparin. Three early pioneers to 
use the new membrane and anticoagulant in clinical dialysis were Gordon Murray (1884–1972) in 
Canada, Niels Alwall (1906–1986) in Sweden, and Willem Kolff (1911–2009) in the Netherlands; but it 
was Kolff working in Kampen under the tensions and difficult conditions of war-torn Holland who 
achieved the first clinically successful hemodialysis in humans. Kolff’s “rotating drum hemodialyzer” 
was a wooden, pumpless drum, wrapped 30 times with 130 feet of cellophane tubing (connected to 
the circulation) immersed in a ceramic bathtub containing a saline solution. Beginning in 1942, Kolff 
experimented with his artificial kidney. His first 16 patients never recovered and went on to succumb 
to kidney failure. Only 2.5 years later did his first patient, Sofia Maria Schafstadt, survive. Ironically,  
she had been a Nazi collaborator who was actually imprisoned. She had cholecystitis, developed  
septicemia, and was treated with one of the recently available sulfonamides. Her acute kidney injury 
was a result of sulfonamide crystal precipitation in the tubules, a common side effect of these early 
wonder antibacterial drugs then in use.

	 4.	 Who	was	the	first	patient	to	benefit	from	chronic	maintenance	hemodialysis?
The artificial kidney introduced after World War II remained experimental and was used mainly in  
exploratory attempts to sustain the lives of selected patients with acute kidney injury through the 
1950s. The need for repeated access to the circulation limited the use of hemodialysis to the short 
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term only in patients with acute kidney injury. Even in patients with acute kidney injury with delayed
recovery, prolonged dialysis presented insurmountable problems that led to its abandonment before
kidney function had recovered. The breakthrough came in March 1960, when Belding Scribner
(1921–2003), a nephrologist, and Wayne Quinton (1921–2015), an engineer, working in Seattle,
developed the so-called Quinton-Scribner shunt using Teflon, which had become available recently
and was being used to coat implantable cardiac pacemakers. Shortly thereafter, the shunt was modified
to be made from more flexible silicone tubing with Teflon tips inserted into the radial vasculature. The
first patient to benefit from this new device was Clyde Shields (1921–1971), a 39-year-old Boeing
machinist. In April 1960 Scribner took Clyde to the annual meeting of the American Society for
Artificial Internal Organs in Atlantic City, New Jersey for a private demonstration of the shunt. The
news traveled with lightning speed, and suddenly long-term maintenance hemodialysis became
possible. For the first time in medicine, technology and creativity allowed the replacement of the
functions of a vital body organ. Literally overnight, repeated hemodialysis allowed survival from the
otherwise fatal disease described by Richard Bright (1789–1858) some 150 years earlier.

That was when dialysis moved from its rudimentary beginnings in the 1950s to a chronic life-sustaining
modality of treatment, for which Kolff and Scribner were to share the Lasker Award in 2002. Unfortunately,
the extremely limited resources then available in Seattle necessitated the creation of a committee to select
who received maintenance dialysis (later dubbed “Life and Death Committee”). Even when restricted funds
were made available, dialysis remained limited and choices of who was dialyzed continued to be made,
albeit based on “medical criteria” and “first come, first served” basis imposed by the limited means and
available dialysis machines. It was not until 1973, when Public Law 92-603 amendment to the 1972 Social
Security Act went into effect, that dialysis care became accessible to almost everyone.

In response to mounting needs for maintenance dialysis, hospital-based dialysis centers moved
into for-profit outpatient facilities and proliferated. The rush to save the life of otherwise dying patients
outpaced the science of dialysis, resulting in the delivery of a treatment that was primarily empiric.
Over the decades that followed, the complications of dialysis and the significant morbidity and mortality
associated with it emerged as serious concerns of all stakeholders. Some of the early complications of
dialysis (aluminum toxicity, water purity, hepatitis, anemia) were soon resolved; others (mineral bone
disease, cardiovascular disease) linger on, while that of adequacy of dialysis still awaits resolution.

All those problems and concerns notwithstanding, Clyde Shields survived 11 years on dialysis,
succumbing to a myocardial infarction in 1971.

	 5.	 When	were	the	first	kidney	biopsies	performed?
Biopsies of the kidney on the operating table were performed by surgeons through the first decades
of the 20th century for various reasons. Relevant to the history of nephrology was an open biopsy
performed in 1896 by a British urologist, Reginald Harrison (1837–1908), as part of a kidney decapsulation
procedure for the treatment of Bright disease. The first open kidney biopsy for a diagnostic purpose
was performed in 1923 in Toronto by Norman B. Gwyn (1875–1952), a nephew and student of William
Osler. The first report of systematically studied kidney biopsies was in subjects undergoing dorsolumbar
sympathectomy for hypertension published in 1943 by a Boston surgeon, Reginald Smithwick
(1899–1987), and a pathologist, Benjamin Castleman (1906–1982), better known for his long
editorship of the clinicopathologic case reports in the New England Journal of Medicine.

Percutaneous needle biopsy of the kidney was introduced after the successful use of cutting needles
in liver biopsy. Nils Alwall (1904–1986) of Lund, also a pioneer of hemodialysis, performed the first
systematic needle kidney biopsies in 1944. An early death of a patient after a biopsy led him to abandon
the technique. He did not publish his results until 1952. In the meantime, Poul Iversen (1889–1966) and
Claus Brun (1914–2014) of Copenhagen began using the technique in 1949. The initial needles, known as
Vim-Silverman needles, were a modification of the liver biopsy cutting-edge needles. Apart from the skill
needed in handling these needles, positioning of the kidney presented a major challenge in those early
days. Credit for improvements and for popularizing the clinical utility of kidney biopsies is due to Robert
M. Kark (1911–2002), Robert C. Muehrcke (1921–2003), and Conrad L. Pirani (1915–2005) from Chicago.
The first international meeting on kidney biopsies was held in 1961, and meetings to discuss kidney
pathology were precursors of the kidney pathology societies that emerged thereafter.

Subsequent improved imaging and kidney ultrasound, together with new disposable gun biopsy
needles, have literally revolutionized the procedure, which has evolved increasingly into another
procedure undertaken by invasive radiologists.

	 6.	 How	did	the	concept	of	acid-base	balance	emerge?
Variable notions of acid and alkali have been part of medicine since antiquity. The concept of acidity
and alkalinity were well known from their sensory perception, either gustatory from their taste or
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visual from the color changes they produced in certain dyes. Their taste is what provided their initial 
nomenclature. Acids tasted sour, hence the origin of the term “acid” from the Latin acere (sour), and 
its prototype the taste of acetic acid in vinegar, still known in Italian as aceto. Alkali, referring to that 
of the ash of charred wood or plants, whose principal constituent is potassium carbonate, is derived 
from the Arabic, al-qali, the word for roasting. Its taste is harder to describe, but, as the opposite of 
acid, it lacks tartness but leaves a distinctive sleek, somewhat soapy aftertaste in the mouth.

The changes in color they produce were first explored by the Catalan scholar Arnaldus de Villa 
Nova (1240–1311) using litmus, a dye extract from lichen, to test acidity. They were expanded and 
systematized by Robert Boyle (1622–1691), who described plant extracts that changed color in the 
presence of acids and bases. One such was an extract of violets that is blue but turns green in  
solutions that are basic and red when acid.

Early chemical studies in the 17th century by Johann Glauber (1607–1673) working in Amsterdam 
identified salts that resulted from the union of various acids and bases and attributed disease to  
disturbances in their balance in the body. A German chemist, Justin Liebig (1803–1873), ascribed 
acidity to the presence of hydrogen ions. With methodologic advances in chemical measurement, it 
was then recognized that blood is alkaline and the urine is acidic. One of the earliest studies on uri-
nary acid and base constituents was published in 1812 by the Swedish chemist, John Jacob Brezilius 
(1770–1843), considered one of the founding fathers of chemistry. Interest in acid-base balance grew 
thereafter but remained descriptive in the main. The theory of electrolyte dissociation in aqueous  
solutions and the presence of hydrogen ions in acids and hydroxyl ions in bases proposed by the 
Swedish physicist Svante Arrhenius (1859–1927) in 1887 were instrumental in the subsequent  
development of concepts of acid-base solutions and buffers. For his contributions, Arrhenius was 
awarded the 1903 Nobel Prize for Chemistry “in recognition of the extraordinary services he has 
rendered to the advancement of chemistry by electrolytic theory of dissociation.” His concept was 
expanded by the Danish chemist Johannes N, Brønsted (1879–1947) and the Englishman Thomas  
M. Lowry (1874–1936), working independently, into the present Brønsted-Lowry theory characterizing 
acids by their affinity as proton donors and of alkali as proton acceptors.

Subsequent refinements in the instrumentation to measure the concentration of hydrogen and 
hydroxyl ions provided much of the advances in acid-base balance that followed. Research was  
stimulated by epidemics of cholera and subsequently diabetic ketoacidosis by such early pioneers in 
kidney physiology as Bernhard Naunyn (1839–1925), Lawrence Henderson (1878–1942), and Donald 
Van Slyke (1883–1971).

In 1911 Henderson introduced an equation for evaluating the buffering properties of weak acids 
and bases from their dissociation constant. The logarithmic transformation of Henderson’s equation  
by Karl Hasselbach (1874–1962) in 1917 yielded what is known now as the Henderson-Hasselbach 
equation. The fundamental importance of this mathematic equation in the subsequent elucidation of 
acid-base disorders notwithstanding, its complexity remains the principal cause of the difficulty  
encountered by most in understanding acid-base disorders. The use of hydrogen ion concentration 
expressed in nanomoles would resolve much of the difficulty associated with the continued, but  
unnecessary, use of the negative logarithmic expression of pH, which is just understood by a select 
few but is confusing to everyone else.

Structured studies in acid-base homeostasis and the role of the kidney in maintaining acid-base 
balance were undertaken during the period between the two world wars. The role of the kidney in the 
process was elucidated in the 1940s to a great extent by the studies of Robert F. Pitts (1908–1977) 
and his associates at Cornell University.

	 7.	 When	was	the	first	successful	kidney	transplant	performed?
Experimental allotransplants and xenotransplants of the kidney in animals were begun in the latter 
half of the 19th century. By the opening decades of the 20th century, unsuccessful attempts at  
xenotransplantation in humans were undertaken in Vienna by Emerich Ullman (1861–1937), who 
transplanted a pig kidney in the elbow of a young woman with uremia, and in Lyon by Mathieu  
Jaboulay (1860–1913), who transplanted a sheep kidney in one patient and a pig kidney in another. 
The first cadaveric kidney transplant was performed on April 3, 1933 in Kiev by Yuri Voronoy (1895–1961), 
who transplanted the kidney from a 60-year-old woman who had died from head injury to a 26-year-
old woman with acute kidney injury from mercury poisoning, a common cause of kidney injury at the 
time. The patient died 48 hours later.

Technical difficulties and lack of an understanding of the immunologic basis of organ rejection 
hampered early efforts at organ transplantation. Their respective study and partial resolution resulted 
in two Nobel Awards in Physiology or Medicine: the first in 1912 to the French surgeon Alexis Carrel 
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(1873–1944) “in recognition of his work on vascular suture and transplantation of blood vessels and 
organs,” and the second in 1960 to the British biologist Peter Medawar (1915–1987) and the Australian 
virologist Frank Macfarlane Burnet (1899–1985) “for discovery of acquired immunological tolerance.” 
The first documented kidney transplant in the United States was performed on June 17, 1950 on a 
44-year-old woman with polycystic kidney disease in Evergreen Park, Illinois. The kidney was rejected. 
The first successful kidney transplant was performed in Boston by a team led by the nephrologist  
John P. Merrill (1917–1984) and the plastic surgeon Joseph Murray (1919–2012), who on December 23, 
1954 transplanted a kidney from one identical twin, Ronald Herrick, to his brother, Richard. This was 
before chronic maintenance hemodialysis became feasible, and it generated considerable interest and 
excitement in the future treatment of kidney failure.

Richard Herrick recovered kidney function, married the recovery room nurse who had cared for 
him after the transplant, had two children, and enjoyed good health until his death in March 1963. In 
1990 Joseph Murray received the Nobel Prize in Physiology or Medicine, shared with another American 
physician E. Donnall Thomas (1920–2012), for their contribution to “organ and cell transplantation in 
the treatment of human disease,” the third Nobel prize to be granted for work on transplantation.

	 8.	 What	is	the	origin	of	the	term	“uremia”?
Much of our understanding of the pathophysiology of diseases comes from the analysis of body fluids 
that were being introduced into medicine in the 19th century. These early biochemical studies were 
instrumental in shaping much of the subsequent nomenclature and progress in the study of diseases 
in general and that of the end-stage kidney disease described by Richard Bright (1789–1858) at 
about that time.

Large volumes were necessary for the rather crude analytic methods available then, and it was 
generally easier to use the readily accessible and substantial quantities of urine rather than blood. Of 
the various chemical substances that were identified in the urine, it was probably that of urea which 
contributed most to what followed. First characterized as a “urinary salt” in 1662 and an “unusual 
saponaceous salt residue of urine that tasted different than sea salt” in 1732, urea was finally isolated 
as a pure salt by the Frenchmen François Fourcroy (1755–1809) and Nicolas Vaquelin (1763–1829)  
in 1799. By 1817 the properties, appearance, and chemical reactions of urea were described by the 
Englishman William Prout (1785–1850), who alluded to its presence in the blood. Shortly thereafter, in 
1828 the German Friederich Wöhler (1800–1882) synthesized urea from two inorganic molecules, 
ammonia and cyanic acid, which prompted him to write triumphantly to his mentor Jöns Jacob  
Berzelius (1779–1848): “I can make urea without the use of kidney, either man or dog.” This was a 
major breakthrough and turning point in the history of science that placed the notion of vitalism, 
which had dominated medical concepts theretofore, to rest and validated the chemical approach to 
biology that was to launch the new basic sciences of organic chemistry and biochemistry. Wöhler’s 
discovery literally coincided with the description of Bright disease. Within a year, Robert Christison 
(1797–1882) reported increased urea levels in the serum of patients with Bright disease, which by 
1847 led to the introduction by Pierre Piorry (1794–1879) of the term urémie (uremia), literally urine 
in the blood, to describe patients with high blood urea levels.

Over the years, the term uremia has come to encompass all the clinical manifestations of the 
failing kidneys. The sole role of urea to account for the symptom complex of uremic patients with  
advanced kidney disease was questioned from the outset. George Johnson (1818–1896), a contem-
porary of Richard Bright and a prominent authority on kidney disease who described the microscopic 
changes of Bright disease, wrote in 1852, “It is in the highest degree probable that urea is a poisonous 
agent, but we have no proof that it is more so than other urinary constituents which must be  
retained or accumulated in the blood, when the kidneys are so much disorganized as they are often 
found to be.” A truth that still holds, notwithstanding which the uremia of Piorry remains in use to this 
day as a rather vague and catch-all medical term used to refer to abnormalities of kidney failure that 
remain unexplained and presumed to result from the still elusive chemical product(s) that should have 
been excreted by the kidneys.

Of note, it was the continued studies of urea that were to provide much of the experimental  
and theoretic concepts that led to the discovery of the artificial kidney. It was the studies of Thomas 
Graham (1805–1869) on the diffusion and osmotic properties of urea that laid the very conceptual 
foundations of hemodialysis, and it is the proportional clearance of urea from the body by dialysis 
(urea reduction ratio) that now provides a measure of the adequacy of dialysis in treating patients 
with kidney failure.

It was also studies on the clearance of urea that paved the way to the study of kidney function, 
introduced the concept of renal efficiency, and provided for the classification of kidney disease. Early 
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studies of progressive ablation of kidney mass to produce uremia were refined by measurement
of blood levels of urea and its renal clearance in patients with kidney disease by George Widal
(1862–1929) in France and Hermann Strauss (1864–1944) in Germany. Widal meticulously evaluated
the gradual retention of nitrogenous end products (azotémie), which he went on to classify as
azotemia that is alarming, grave, and fatal, the first classification of kidney diseases based on the
severity of lost kidney function.

	 9.	 What	is	the	origin	of	the	term	nephrotic syndrome?
Nephrotic syndrome as a diagnostic term came into use in the 1920s to describe the triad of
heavy proteinuria, hypoalbuminemia, and edema, usually with associated dyslipidemia and lipiduria.
The common presenting symptom of edema, once called dropsy, has an ancient history. It was the
association of dropsy with proteinuria that established the link of edema with kidney disease and
launched the discipline that was to become nephrology. Dropsy, or the accumulation of fluid, was
regarded as an entity of its own until the end of the 18th century. Its association with cirrhosis of the
liver was well known in antiquity, its association with kidney disease was also described, particularly
in patients with oliguria, but its association with diseases of the heart was indirect and generally
ascribed to the broader concept of diseases of the chest, when fluid was detected in the lungs or
pleural space of some patients with dropsy. Two landmark publications laid the foundations that
were to clarify the role of the kidneys and the heart in dropsy, their interrelationships in health and
disease, and ultimately the identification of edema as a symptom of underlying diseases rather than
a disease itself.

First was the publication in 1785 of An Account of the Foxglove and Some of Its Medical Uses by
William Withering (1741–1799), who showed that the administration of an infusion of the leaves of
foxglove (digitalis purpurea) produced a diuresis and an amelioration of dropsical symptoms. However,
it was obvious from the outset, including a third of the cases reported by Withering, that not all
patients with dropsy responded to the infusion and that some of the nonresponders who died while
taking the infusion were suffering from cirrhosis of the liver with ascites. No comment was made on
the kidney of these nonresponders. The determination of the kidney as a principal cause of dropsy
had to await a second landmark publication in 1827 of the Reports of Medical Cases by Richard
Bright (1789–1858), which contained his description of end-stage kidneys and led to the distinction
of dropsy as a result of kidney disease by the presence of heat-coagulable albuminous material
in the urine.

The link of dropsy with hypoalbuminemia was suspected shortly thereafter from the low specific
gravity of the serum of patients with Bright disease who had the heaviest albuminuria reported by
Robert Christison (1799–1882) of Edinburgh in 1829 but had to await improved chemical methods to
define it as due to hypoalbuminemia.

Although it was clear from the outset that kidney disease is not always associated with dropsy
or albuminuria, Bright disease soon came to be accepted as a diagnostic term for albuminuric kidney
disease. It was studies to differentiate the various kidney lesions of Bright disease and the evaluation
of their possible association with proteinuria that determined the course of subsequent events in the
emergence of nephrology. Richard Bright had described three principal types of the gross appearance
of the kidneys he reported: (1) a hard, small (one-half normal size) kidney with cysts; (2) a soft, mottled,
yellowish-grey kidney of normal size; and (3) a swollen, large (twice normal size), soft, pale kidney. It
was the latter, which was associated with anasarca and heavier proteinuria, that ultimately came to
be associated with nephrotic syndrome. The descriptive morphologic term nephrosis, derived from the
German nephrotische, was introduced in 1905 by Friedrich von Müller (1858–1941), a pathologist
working in Munich, to differentiate the morphologic features of these large kidneys from those of the
small kidneys due to the inflammatory lesions of nephritis. The subsequent grouping of the common
clinical manifestations of the various lesions of nephrosis under the term syndrome of nephrosis,
nephrosis syndrome, and nephrotic syndrome were introduced between 1924 and 1929 in the
writings of Henry A. Christian (1876–1951) of Boston. Of those, nephrotic syndrome received the
better acceptance and entered medical parlance thereafter.

	10.	 When	did	clinical	nephrology	begin	its	transformation	into	a	science?
Thomas Addis (1881–1949), a pioneer in nephrology, was one of the first clinicians to systematize
the study of kidney disease, quantify the cellular (especially red blood cells) constituents of the urine
sediment, use the recently developed clearance technique to determine kidney function, and introduce
dietary treatment for those with kidney failure. His book, titled Glomerular Nephritis: Diagnosis and
Treatment, published in 1948, remains a reference worth perusal by anyone seriously interested in
the beginnings of clinical nephrology. His most famous patient was the double Nobel laureate for
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Chemistry and Peace, Linus Pauling (1901–1994), whom Addis treated with a protein-restricted diet. 
Relevant to the current debate on healthcare, it is of special interest that shortly before his death,  
Addis resigned from the American Medical Association in objection to its campaign against President 
Truman’s national plan for health insurance.

The heritage of Addis is best summed in one of his sayings, “When the patient dies the kidneys 
go to the pathologist, but when he lives the urine is ours. It can provide us day by day, month by 
month, and year by year, with a serial story of the major events going on within the kidney,” a 
statement that deserves to be remembered and propagated daily by every nephrologist.

 1. Richard Bright discovered the connection of proteinuria to kidney disease.
 2. Willem Kolff conducted the first successful dialysis for acute kidney injury in a human (1944).
 3. Clyde Shields was the first person to receive chronic dialysis via the newly invented Scribner shunt.
 4. Joseph Murray performed the first successful kidney transplant by taking the organ from one twin 

brother (Ronald Herrick) and placing it in to the other (Richard Herrick), who had ESKD (1919–2012), 
on December 23, 1954.

KEY POINTS
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