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Here, you will find updated information on diabetes mellitus, disorders of the pituitary gland, disorders of the thyroid gland,
disorders of the adrenal glands, reproductive disorders, and calcium and bone disorders. All of these topics are uniquely
focused on the needs of generalists and subspecialists outside of endocrinology and metabolism.

The publication of the 16th edition of Medical Knowledge Self-Assessment Program heralds a significant event, culminating
2 years of effort by dozens of leading subspecialists across the United States. Our authoring committees have strived to help
internists succeed in Maintenance of Certification, right up to preparing for the MOC examination, and to get residents ready
for the certifying examination. MKSAP 16 also helps you update your medical knowledge and elevates standards of self-learning
by allowing you to assess your knowledge with 1,200 all-new multiple-choice questions, including 84 in Endocrinology and
Metabolism.

MEKSAP began more than 40 years ago. The American Board of Internal Medicine’s examination blueprint and gaps between
actual and preferred practices inform creation of the content. The questions, refined through rigorous face-to-face meetings,
arc among the best in medicine. A psychometric analysis of the items sharpens our educational focus on weaknesses in prac-
tice. To meet diverse learning styles, we offer MKSAP 16 online and in downloadable apps for PCs, tablets, laptops, and
smartphones. We are also introducing the following;:

High-Value Care Recommendations: The Endocrinology and Metabolism section starts with several reccommendations based
on the important concept of health care value (balancing clinical benefit with costs and harms) to address the needs of
trainees, practicing physicians, and patients. These recommendations are part of a major initiative that has been undertaken by
the American College of Physicians, in collaboration with other organizations.

Content for Hospitalists: This material, highlighted in blue and labeled with the familiar hospital icon (), directly addresses
the learning needs of the increasing number of physicians who work in the hospital setting, MKSAT 16 Digital will allow vou
to customize quizzes based on hospitalist-only questions to help you prepare for the Hospital Medicine Maintenance of
Certification Examination.

We hope you enjoy and benefit from MKSAP 16. Please feel free to send us any comments to mksap_editors@acponline.org
or visit us at the MKSAP Resource Site (mksap.acponline.org) to find out how we can help you study, carn CME, accumulate
MOC points, and stay up to date. I know I speak on behalf of ACP staft members and our authoring committees when I say

we are honored to have attracted your interest and participation.

Sincerely,

Patrick Alguire, MD, FACP
Editor-in-Chief

Senior Vice President

Medical Education Division
American College of Physicians
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Introducing the MKSAP Resource Site
(mksap.acponline.org)

The MKSAP Resource Site (mksap.acponline.org) is a con-
tinually updated site that provides links to MKSAT 16
online answer sheets for print subscribers; access to MKSAP
16 Digital, Board Basics® 3, and MKSAP 16 Updates; the
latest details on Continuing Medical Education (CME) and
Maintenance of Certification (MOC) in the United States,
Canada, and Australia; errata; and other new information.

ABIM Maintenance of Certification

Check the MKSAP Resource Site (mksap.acponline.org) for
the latest information on how MKSAP tests can be used to
apply to the American Board of Internal Medicine for
Maintenance of Certification (MOC) points.

RCPSC Maintenance of Certification

In Canada, MKSAP 16 is an Accredited Self-Assessment
Program (Section 3) as defined by the Maintenance of
Certification Program of The Royal College of Physicians
and Surgeons of Canada (RCPSC) and approved by the
Canadian Society of Internal Medicine on December 9,
2011. Approval of Part A sections of MKSAP 16 extends
from July 31, 2012, until July 31, 2015. Approval of Part B

sections of MKSAD 16 extends from December 31, 2012, to
December 31, 2015. Fellows of the Royal College may earn
three credits per hour for participating in MKSAP 16 under
Section 3. MKSAP 16 will enable Fellows to earn up to 75%
of their required 400 credits during the 5-year MOC cycle. A
Fellow can achieve this 75% level by earning 100 of the maxi-
mum of 174 AMA PRA Category 1 Credits™ available in
MKSAP 16. MKSAP 16 also meets multiple CanMEDS
Roles for RCPSC MOC, including that of Medical Expert,
Communicator, Collaborator, Manager, Health Advocate,
Scholar, and Professional. For information on how to apply
MKSAP 16 CME credits to RCPSC MOC, visit the MKSAP
Resource Site at mksap.acponline.org.

The Royal Australasian College of
Physicians CPD Program

In Australia, MKSAP 16 is a Category 3 program that
may be used by Fellows of The Royal Australasian College
of Physicians (RACTP) to meet mandatory CPD points.
Two CPD credits are awarded for each of the 174 AMA
PRA Careggory 1 Credits™ available in MKSAP 16. More
information about using MKSAP 16 for this purpose is
available at the MKSAT Resource Site at mksap.acpon-
line.org and at www.racp.edu.au. CPD credits earned
through MKSAP 16 should be reported at the MyCPD
site at www.racp.edu.au/mycpd.

Continuing Medical Education

The American College of Physicians is accredited by the
Accreditation Council for Continuing Medical Education
(ACCME) to provide continuing medical education for
physicians.

The American College of Physicians designates this endur-
ing material, MKSAP 16, for a maximum of 174 AMA
PRA Category 1 Crediss™. Physicians should claim only the
credit commensurate with the extent of their participation
in the activity.

Up to 12 AMA PRA Category 1 Credits™ are available
from December 31, 2012, to December 31, 2015, for the
MKSAP 16 Endocrinology and Metabolism section.

Learning Objectives

The learning objectives of MKSAP 16 are to:

¢ Close gaps between actual care in your practice and pre-
ferred standards of care, based on best evidence

* Diagnose discase states that are less common and some-
times overlooked and confusing

e Improve management of comorbid conditions that can
complicate patient care

¢ Determine when to refer patients for surgery or care by
subspecialists



e Pass the ABIM Certification Examination
e Pass the ABIM Maintenance of Certification Examination

Target Audience

* General internists and primary care physicians

¢ Subspecialists who need to remain up-to-date in internal
medicine

* Residents preparing for the certifying examination in
internal medicine

* Physicians preparing for maintenance of certification in
internal medicine (recertification)

Earn “Same-Day” CME Credits Online

For the first time, print subscribers can enter their answers
online to earn CME credits in 24 hours or less. You can
submit your answers using online answer sheets that are
provided at mksap.acponline.org, where a record of your
MEKSAP 16 credits will be available. To carn CME credits,
you need to answer all of the questions in a test and earn a
score of at least 50% correct (number of correct answers
divided by the total number of questions). Take any of the
following approaches:

1. Use the printed answer sheet at the back of this book to
record your answers. Go to mksap.acponline.org, access
the appropriate online answer sheet, transcribe your
answers, and submit your test for same-day CME credits.
There is no additional fee for this service.

2. Go to mksap.acponline.org, access the appropriate online
answer sheet, directly enter your answers, and submit
your test for same-day CME credits. There is no addi-
tional fee for this service.

3. Pay a $10 processing fee per answer sheet and submit the
printed answer sheet at the back of this book by mail or
fax, as instructed on the answer sheet. Make sure you cal-
culate your score and fax the answer sheet to 215-351-
2799 or mail the answer sheet to Member and Customer
Service, American College of Physicians, 190 N.
Independence Mall West, Philadelphia, PA 19106-1572,
using the courtesy envelope provided in your MKSAD 16
slipcase. You will need your 10-digit order number and
8-digit ACP ID number, which are printed on your pack-
ing slip. Please allow 4 to 6 weeks for your score report
to be emailed back to you. Be sure to include your email
address for a response.

If you do not have a 10-digit order number and 8-digit

ACP ID number or if you need help creating a username

sheets, go to mksap.acponline.org or email custserv@
acponline.org,.

Disclosure Policy

It is the policy of the American College of Physicians (ACP)
to ensure balance, independence, objectivity, and scientific
rigor in all of its educational activities. To this end, and con-
sistent with the policies of the ACP and the Accreditation
Council for Continuing Medical Education (ACCME),
contributors to all ACP continuing medical education activ-
ities are required to disclose all relevant financial relation-
ships with any entity producing, marketing, re-selling, or
distributing health care goods or services consumed by, or
used on, patients. Contributors are required to use generic
names in the discussion of therapeutic options and are
required to identify any unapproved, off-label, or investiga-
tive use of commercial products or devices. Where a trade
name is used, all available trade names for the same product
type are also included. If trade-name products manufactured
by companies with whom contributors have relationships are
discussed, contributors are asked to provide evidence-based
citations in support of the discussion. The information is

text. If necessary, adjustments to topics or contributors’
roles in content development are made to balance the dis-
cussion. Further, all readers of this text are asked to evaluate
the content for evidence of commercial bias and send any
relevant comments to mksap_editors@acponline.org so that
future decisions about content and contributors can be
made in light of this information.

Resolution of Conflicts

To resolve all conflicts of interest and influences of vested
interests, the ACP precluded members of the content-cre-
ation committee from deciding on any content issues that
involved generic or trade-name products associated with
proprietary entities with which these committee members
had reladonships. In addition, content was based on best
evidence and updated clinical care guidelines, when such
evidence and guidelines were available. Contributors’ dis-
closure information can be found with the list of contribu-
tors’ names and those of ACP principal staff listed in the
beginning of this book.

Hospital-Based Medicine

For the convenience of subscribers who provide care in hos-
pital settings, content that is specific to the hospital setting
has been highlighted in blue. Hospital icons () highlight
where the hospital-only content begins, continues over
more than one page, and ends.

Educational Disclaimer

The editors and publisher of MKSAP 16 recognize that the
development of new material offers many opportunities for



error. Despite our best efforts, some errors may persist in
print. Drug dosage schedules are, we believe, accurate and
in accordance with current standards. Readers are advised,
however, to ensure that the recommended dosages in
MEKSAP 16 concur with the information provided in the
product information material. This is especially important in
cases of new, infrequently used, or highly toxic drugs.
Application of the information in MKSAP 16 remains the
professional responsibility of the practitioner.

The primary purpose of MKSAP 16 is educational.
Information presented, as well as publications, technologics,
products, and /or services discussed, is intended to inform
subscribers about the knowledge, techniques, and experi-
ences of the contributors. A diversity of professional opinion
exists, and the views of the contributors are their own and
not those of the ACP. Inclusion of any material in the pro-
gram does not constitute endorsement or recommendation
by the ACP. The ACP does not warrant the safety, reliabil-
ity, accuracy, completeness, or usefulness of and disclaims
any and all liability for damages and claims that may result
from the use of information, publications, technologies,
products, and/or services discussed in this program.
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Errata and Norm Tables
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Endocrinology and Metabolism
High-Value Care Recommendations

The American College of Physicians, in collaboration with
multiple other organizations, is embarking on a national ini-
tiative to promote awareness about the importance of stew-
ardship of health care resources. The goals are to improve
health care outcomes by providing care of proven benefit
and reducing costs by avoiding unnecessary and even harm-
ful interventions. The initiative comprises several programs
that integrate the important concept of health care value
(balancing clinical benefit with costs and harms) for a given
intervention into various educational materials to address the
needs of trainees, practicing physicians, and patients.

To integrate discussion of high-value, cost-conscious care
into MKSADP 16, we have created recommendations based
on the medical knowledge content that we feel meet the
below definition of high-value care and bring us closer to
our goal of improving patient outcomes while conserving
finite resources.

High-Value Care Recommendation: A recommendation
to choose diagnostic and management strategies for patients
in specific clinical situations that balances clinical benefit
with cost and harms with the goal of improving patient
outcomes.

Below are the High-Value Care Recommendations for the
Endocrinology and Metabolism section of MKSAD 16.

* The older diabetic agents, such as insulin, the sulfony-
lureas, and metformin, have proven long-term glycemic
control and cost effectiveness (see Item 35).

e For most patients with type 2 diabetes mellitus, lifestyle
modifications and metformin therapy are the best initial
treatments (see Item 11).

e Cost concerns are a factor in determining which pharma-
cologic agents for diabetes mellitus are used because the
newer insulin preparations (insulin glargine, detemir,
aspart, lispro, and glulisine) are far more expensive than

regular insulin or neutral protamine Hagedorn (NPH)
insulin (see Item 35).

* Repeated or serial measurements of antithyroid antibody
titers are not recommended in the management of thyroid
disorders in most persons because the degree of a titer’s
clevation does not indicate a need for treatment; only an
abnormal TSH level does.

* A thyroid scan and radioactive iodine uptake test are not
uscful in the evaluation of patients with hypothyroidism.

e Ultrasonography is recommended for imaging thyroid
nodules, with fine-needle aspiration biopsy reserved for
nodules larger than 1 ¢cm in diameter.

e Patients with asymptomatic stable simple goiters can be
serially monitored clinically; serfal ultrasonography is not
recommended for these goiters.

e The best initial test for male hypogonadism is a morning
(8 AM) measurement of the total testosterone level; if this
level is normal, then hypogonadism is excluded (see Irem
21 and Item 51).

e Screening woman for osteoporosis with bone mineral
density measurements (using dual-energy x-ray absorp-
tiometry [DEXA]) should not begin before age 65 years
unless the patient has a particularly high risk for osteo-
porosis (risk factors such as a previous fracture, glucocor-
ticoid use, a family history of hip fracture, current
tobacco use, alcoholism, or secondary osteoporosis).

* Do not screen women who are premenopausal for
OSLEOPOTosis.

¢ Do not repeat bone mineral density testing before 10
years in patients with normal or low normal values on pre-
vious testing.

e No clear benefit of newer bisphosphonate drugs has been
demonstrated compared with older agents, which are
available in generic form and may be more cost-eftective
for long-term therapy.



Diabetes Mellitus

Classification and Diagnosis of
Diabetes

Overview

Diabetes mellitus occurs when inadequate glycemic control
results in elevated blood glucose levels. An inadequate pro-
duction of the hormone insulin, resistance to the actions of
insulin, or some combination of both mechanisms can cause
this state. Patients with diabetes have a significantly
increased risk of developing macrovascular discase (coronary
artery, cerebrovascular, and peripheral vascular disorders)
and microvascular discase (retinopathy, nephropathy, and
neuropathy).

The two major forms of diabetes are type 1 and type 2
(Table 1). Diabetes not only can develop from autoimmunity
or genetic predisposition, but also can result from use of drugs
that damage the pancreas or cause resistance to the actions of

insulin. Drug-induced diabetes is becoming more common
because of the increasing use of immunosuppressive drugs
(such as cyclosporine and tacrolimus) that can inhibit insulin
secretion and of HIV protease inhibitors and atypical antipsy-
chotic drugs (such as clozapine and olanzapine) that can
induce weight gain, central obesity, elevated triglyceride lev-
els, and insulin resistance.

KEY POINT

e Patients with diabetes mellitus have a significantly
increased risk of developing macrovascular disease
(coronary artery, cerebrovascular, and peripheral vas-
cular disorders) and microvascular disease (retinopa-
thy, nephropathy, and neuropathy).

Insulin Resistance

When the body becomes resistant to the effects of insulin, the
pancreas compensates by secreting more insulin. Because the
pancreas secretes one C-peptide molecule with each insulin

TABLE 1. Classification of Diabetes Mellitus

‘ Type 1 Diabetes?

Immune mediated

Idiopathic (seronegative)

Type 2 Diabetes®

Ketosis Prone®

Gestational Diabetes

j Other Types

| Genetic defects in beta-cell function (including six distinct MODY syndromes) ‘

Genetic defects in insulin action

Diseases of the exocrine pancreas (pancreatitis, trauma/pancreatectomy, neoplasia, cystic fibrosis, hemochromatosis, fibrocalculous

pancreatopathy)

antipsychotics [clozapine, olanzapine])

Infections (congenital rubella, cytomegalovirus)

Endocrinopathies (acromegaly, Cushing syndrome, glucagonoma, pheochromocytoma, hyperthyroidism)

Drug related (glucocorticoids, thiazides, B-blockers, diazoxide, tacrolimus, cyclosporine, niacin, HIV protease inhibitors, atypical

Rare forms of immune-mediated diabetes ("stiff man” syndrome, anti-insulin receptor autoantibodies)

Genetic syndromes (Down, Klinefelter, Turner, Wolfram [DIDMOAD], and Prader-Willi syndromes; myotonic dystrophy)

“Beta-cell destruction usually leading to absolute insulin deficiency.

"Insulin resistance with progressive relative insulin deficiency.

‘More commaon in nonwhite patients who present with diabetic ketoacidosis but become non-insulin dependent over time.

|
|
|
DIDMOAD = diabetes insipidus, diabetes mellitus, optic atrophy, and deafness; MODY = maturity-onset diabetes of the young. |
|
|
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molecule, endogenous insulin production can be determined
by measuring the amount of insulin or C-peptide in the
blood. Although this method may be useful in diagnosing
causes of hypoglycemia in persons without diabetes, it may
not help determine the degree of insulin resistance or reliably
distinguish between type 1 and type 2 diabetes. In the carly
stages of both types of diabetes, obese persons secrete high
levels of insulin and C-peptide. Therefore, the most useful test
in determining whether obese patients have type 1 or type 2
diabetes is to determine whether they have pancreatic autoan-
tibodies (such as islet cell antibodies or glutamic acid decar-
boxylase antibodies) in their blood. This determination is
essential because in patients with type 1 diabetes, treatment
with insulin should begin as soon as possible.

Screening for Diabetes

After reviewing the available literature, the U.S. Preventive
Services Task Force has found no direct evidence of future
health benefits from mass screening and treatment of diabetes
mellitus in asymptomatic individuals. Screening is recom-
mended in asymptomatic adults who have treated or
untreated sustained blood pressure greater than 135,/80 mm
Hg. In contrast, the American Diabetes Association (ADA)
suggests a more comprehensive recommendation for screen-
ing that focuses on asymptomatic adults who either are at
increased risk for developing diabetes or are age 45 years or
older (Table 2).

Diagnostic Criteria for Diabetes

The diagnosis of diabetes is usually based on elevated (in the
diabetes range) hemoglobin A,_values, fasting or random
plasma glucose levels, or oral glucose tolerance test results on

TABLE 2.

Physical inactivity
First-degree relative with diabetes

Delivered an infant weighing >4500 g (158.7 oz) (women)
Gestational diabetes (women)
Hypertension

Polycystic ovary syndrome (women)

| Acanthosis nigricans
History of cardiovascular disease

If results are normal, repeat testing every 3 years

American Diabetes Association Screening Guidelines for Diabetes Mellitus

Hemoglobin A, value 25.7% and IGT or IFG on previous testing

In the absence of the above criteria, anyone age 45 years or older

two separate occasions or on a single random plasma glucose
level of 200 mg/dL (11.1 mmol/L) or greater while a
patient is experiencing classic symptoms of hyperglycemia,
such as polyuria, polvdipsia, or blurred vision (Table 3).
Patients whose results on these tests are above normal but less
than the diabetes range are considered to be at increased risk
for diabetes.

Type 1 Diabetes

Type 1 diabetes usually presents dramatically with severe
hyperglycemic symptoms, such as fatigue, polyuria, polydip-
sia, polyphagia, visual blurring, weight loss, nausea, vomit-
ing, and dehydration. This type, which comprises approxi-
mately 5% of all diabetes, most commonly results from slow
autoimmune destruction of insulin-producing pancreatic
beta cells by autoantibodies in persons with particular HLA
susceptibility genes in the DQA and DQB regions of chro-
mosome 6. Age of onset and rate of beta-cell destruction
depend on the particular combination of susceptibility and
protective genes a person has and on exposure to one or
more environmental triggers (possibly viral). Left untreated,
patients with type 1 diabetes may rapidly develop diabetic
ketoacidosis (DKA), which has a high morbidity and mor-
tality (see later discussion).

Although most common in children and lean young
adulrs, type 1 diabetes can present less dramatically in obese
persons and in older adults. At the time of discase presenta-
tion, 60% to 80% of the affected person’s pancreatic beta cells
are already destroyed, and the remaining beta cells are not
functioning well because of the hyperglycemia and metabolic
dysfunction associated with the untreated disease. After
insulin therapy (and fluid and electrolyte replacement, if
needed) has begun, the residual beta-cell function may

Overweight persons (BMI >25) with one (or more) additional risk factor(s):

High-risk ethnicity (black, Latin American, American Indian, Asian American, Pacific Islander)

HDL cholesterol level <35 mg/dL (0.90 mmol/L) and/or triglyceride level >250 mg/dL (2.82 mmol/L) 3

IFG = impaired fasting glucose; IGT = impaired glucese tolerance.

Adapted with permission of American Diabetes Association, from Standards of Medical Care in Diabetes—2011. Diabetes Care. 2011;34(Suppl 1):514. [PMID: 21193625); permission con- :

1
i veyed through Copyright Clearance Center, Inc,



TABLE 3.

Diagnostic Criteria for Diabetes Mellitus®

Diabetes Mellitus

| Criteria No. Test Normal Range Increased Risk Diabetes
| for Diabetes
|
! 1 — — — Classic hyperglycemic |
symptoms plus a random .
plasma glucose 2200 mg/dL |
(11.1 mmol/L) |
|2 Fasting plasma <100 mg/dL 100-125 mg/dL 2126 mmol/L (7.0 mmol/L)
glucose (5.6 mmol/L) (5.6-6.9 mmol/L)
3 Random plasma <140 mg/dL 140-199 mg/dL 2200 mg/dL (11.1 mmol/l)
glucose or during (7.8 mmol/L) (7.8-11.0 mmol/L)
a 2-hour 75-g OGTT |
|
4 Hemoglobin A, <5.7% 5.7%-6.4% >6.5% }
OGTT = oral glucose tolerance test
#In the absence of hyperglycemic symptoms, criteria 2 through 4 should be confirmed by repeat testing. If two tests are performed and only one has abnormal results, the American Diabetes i
Association recommends repeating the test with abnormal results |

Data from American Diabetes Association. Standards of Medical Care in Diabetes—2011. Diabetes Care. 2011;34(Suppl 1):513. [PMID: 21193625]

improve sufficiently for the insulin dosage to be reduced. This
“honeymoon” period may persist for several weeks to
months. Although insulin was routinely discontinued during
this period in the past, the standard practice now is continu-
ous insulin therapy after diagnosis to preserve endogenous
insulin secretion for many months (or years) longer. This
makes the goal of maintaining good glycemic control much
more attainable.

Although DKA is usually considered a hallmark of type
1 diabetes, certain patients (most often nonwhite patients)
with DKA at presentation who are initially treated with
insulin and fluid replacement can stop taking insulin and be
treated with lifestyle changes and oral hypoglycemic agents
for many years. They do not have autoantibodies or the char-
acteristic HLA gene associations of typical type 1 diabetes.

KEY POINT

o Left untreated, patients with type 1 diabetes may rap-
idly develop diabetic ketoacidosis.

Type 2 Diabetes

Type 2 diabetes (approximately 90% of all diabetes) occurs
because of a slow decline in pancreatic beta-cell function. This
process results in decreasing insulin secretion over decades,
although most patients continue to produce some insulin
throughout their lives. Besides progressive insulin deficiency,
patients with type 2 diabetes develop varying degrees of
insulin resistance. The severity of the insulin resistance and
insulin deficiency determines when in life frank hyperglycemia
develops to a degree that the patient meets diagnostic crite-
ria for diabetes. Although type 2 diabetes most often aftects
middle-aged and older patients, the disorder can occur much
carlier in life, especially in an era of increasing obesity and
inactivity among children and adolescents.

Although the genetic association of type 2 diabetes is
much stronger than that of type 1 and the penetrance of type
2 diabetes in families is high, the specific genes involved have
not yet been identified. Because some insulin secretion con-
tinues in type 2 diabetes, lipolysis is suppressed, DKA is rare,
and the presenting symptoms usually are much less dramatic.
Because the onset can be so insidious, some patients already
have evidence of microvascular complications at the tme of
diagnosis, which suggests the presence of hyperglycemia for
many years before diagnosis.

In addition to abnormal glucose metabolism and insulin
resistance, many patients with type 2 diabetes have central
obesity, hypertension, and hyperlipidemia, features often col-
lectively called “the metabolic syndrome.” Although these
features individually confer additional cardiovascular risk, it is
unknown if their combination does so. Consensus is lacking
about the exact way to diagnose the metabolic syndrome and
whether doing so is clinically valuable.

Prediction and Prevention of Type 2 Diabetes

Many features listed in Table 2 identify persons with a high
risk of developing type 2 diabetes. Several studies have ran-
domized persons at high risk (for example, those with
impaired glucose tolerance or women who have had gesta-
donal diabetes) to interventions aimed at preventing them
from later developing diabetes (Table 4). Whether diabetes
has been prevented or simply delayed for a few years is still
unclear. No long-term studies have shown whether carly
treatment prolongs life or delays long-term complications.
However, counseling persons to eat a healthier diet, exercise
more, maintain normal weight, and stop smoking—all of
which help prevent type 2 diabetes—should be a public health
imperative in the twenty-first century.



Diabetes Mellitus

TABLE 4. Strategies to Prevent or Delay Onset of Type 2
Diabetes Mellitus

Effectiveness ;

| Intervention
Diet and exercise Sustained weight loss of 7%, with
at least 150 minutes of moderate
exercise per week, shown to delay
onset of diabetes by up to 3 years
| Smoking cessation

Modestly effective as long as it does |
not cause weight gain

Bariatric surgery Effective if used in obese persons

(BMI >40)

Shown to delay onset of diabetes
by up to 3 years

Metformin

Shown to delay onset of diabetes |
by up to 3 years ‘

Lipase inhibitors
(orlistat)

| o-Glucosidase
| inhibitors (acarbose,
voglibose)

Shown to delay onset of diabetes
by up to 3 years

| Thiazolidinediones

| (troglitazone,
rosiglitazone,
pioglitazone)

Shown to delay onset of diabetes
by up to 3 years

Insulin and insulin Ineffective
secretagogues
(sulfonylureas,

meglitinides)

ACE-inhibitors
(such as ramipril)
and angiotensin |
receptor blockers

(such as valsartan)

Ineffective

Estrogen-progestin Modest effect only

KEY POINTS

* In addition to abnormal glucose metabolism and
insulin resistance, patients with type 2 diabetes also
often have central obesity, hypertension, and hyper-
lipidemia, features that often are collectively called
“the metabolic syndrome.”

¢ Counseling persons to eat a healthier diet, exercise
more, maintain a normal weight, and stop smoking
can help delay or prevent onset of type 2 diabetes.

Gestational Diabetes

Gestational diabetes occurs when a woman’s pancreas cannot
increase insulin secretion enough to overcome the acute
insulin resistance of pregnancy. This condition affects at least
7% of pregnancies in the United States; this number may be
higher when women with overt diabetes at their first prena-
tal visit are included. Untreated gestational diabetes is associ-
ated with large babies (macrosomia); premature delivery; an
increased risk of preeclampsia, stillbirth, and more complex
delivery (including cesarean section); and neonatal respiratory
compromise, jaundice, hypoglycemia, and hypocalcemia. The
International Association of Diabetes and Pregnancy Study
Group (IADPSG) recommends screening women for previ-
ously undiagnosed diabetes at the first obstetric visit using the
criteria in Table 3. Ifa woman does not have diabetes by these
criteria, then screening for gestational diabetes is recom-
mended at 24 to 28 wecks of gestation by performing a 75-
g oral glucose tolerance test (Table 5). Women at low risk for
gestational diabetes (age <25 years, thin body habitus, no
family history of diabetes, white race) can be excluded from
this screening. Screening should be considered carlier than 24
weeks in women at increased risk for gestational diabetes
(BMI >30, history of previous gestational diabetes or poly-
cystic ovary syndrome, previous newborn with excessive birth
weight [>4500 g {158.7 oz}], family history of diabetes, or
high-risk race/ethnicity [black, Hispanic, American Indian,
South Asian, Pacific Islander]).

The mainstays of gestational diabetes treatment are diet
and exercise to maintain fasting and premeal plasma glucose
levels less than 95 mg/dL (5.3 mmol/L) and 1-hour post-
prandial values less than 130 to 140 mg/dL (7.2-7.8
mmol,/L). Most women can meet these goals with lifestyle
changes alone. If they cannot, then insulin should be started.
Although glyburide and metformin have been used success-
fully in pregnancy and are options for women who refuse to
take insulin, their safety in pregnancy relative to insulin has
not been definitively established.

Although gestational diabetes usually resolves after deliv-
ery, it is likely to recur in future pregnancies. Women with a
history of gestational diabetes are at high risk for type 2 dia-
betes in the decade after pregnancy. Therefore, they should be

TABLE 5. Screening for Gestational Diabetes

When to Screen? Test

Result? |

At 24-28 weeks' gestation (after a
minimum 8-hour fast)

glucose load

Oral glucose tolerance test using a 75-g
glucose load followed by plasma glucose
measurement 1 and 2 hours after the

Fasting, 292 mg/dL (5.1 mmol/L)
At 1 h, 2180 mg/dL (10 mmol/L)
At 2 h, 2153 mg/dL (8.5 mmol/L)

"It is reasonable to exclude women at low risk from screening and to screen earlier in women at high risk. |

SGestational diabetes is diagnosed if one or more of these values is equaled or exceeded



advised to lose weight (if BMI is >25), continue healthy diet
and exercise patterns, and undergo annual screening for dia-
betes (see Table 3). It has been recently recognized that the
offspring of mothers with prepregnancy obesity who develop
gestational diabetes during pregnancy are at increased risk for
childhood obesity. The reason for this is not clear but may
involve a combination of genetic factors and maternal
imprinting of genes during intrauterine life.

KEY POINT

e Gestational diabetes, which occurs when a woman’s
pancreas cannot increase insulin secretion enough to
overcome the acute insulin resistance of pregnancy,
develops in approximately 7% of pregnancies in the
United States.

Other Types of Diabetes

Rare genetic forms of type 2 diabetes caused by defects in
beta-cell function are grouped together as maturiry-onset dia-
betes of the young (MODY genes 1-6) or as genetic defects
in insulin action (such as type A insulin resistance). Diseascs
of the exocrine pancreas, such as pancreatitis and cystic fibro-
sis, can lead to diabetes if enough of the pancreas is destroyed
or removed. Similarly, endocrine conditions in which exces-
sive amounts of hormones antagonistic to insulin action are
secreted (acromegaly, Cushing syndrome, and glucagonoma)
can lead to diabetes (see Table 1).

Management of Diabetes

Glycemic Monitoring

Chronic hyperglycemia causes significant microvascular and
macrovascular damage, and strategies to lower blood glu-
cose levels remain the mainstay of diabetes management,
with the exact target level individualized for each patient.
The effectiveness of self-monitoring in patients with type 2
diabetes who take only oral medications that do not predis-
pose to hypoglycemia is not clear. Self-monitoring of eating
and exercise habits and blood glucose levels is crucial for
patients taking multiple injections of insulin or using con-
tinuous infusion insulin pumps and for those taking med-
ications that increase the risk of hypoglycemia, such as sul-
fonylureas. This step not only gives all patients with diabetes
a tool with which to understand how their lifestyle choices
and responses to different life situations can affect their
blood glucose level, but also provides physicians with a tool
with which to discuss a patient’s status and recommend
changes to his or her diabetes regimen.

Testing blood glucose levels 1 or 2 hours after meals can
show the different effects of portion size and type of food
being consumed and is necessary for a complete picture of a
patient’s glycemic status. Testing before, during, and after
exercise can show the impact of exercise on glycemic con-
trol. Testing blood glucose levels at times when a patient
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experiences symptoms possibly due to a high or low level
(such as sweating, nausea, or anxiety) provides useful
insights into a patient’s daily glycemic control, whether the
finding is hypoglycemia, hyperglycemia, or euglycemia. The
most common cause of day-to-day variability of blood glu-
cose levels is variability in a patient’s eating and exercise
habits. Finally, testing in the middle of the night can iden-
tify nocturnal hypoglycemia.

Erythrocytes circulate for approximately 120 days before
being destroyed, and glucose attaches to hemoglobin during
periods of sustained hyperglycemia. The percentage of hemo-
globin that has been glycosylated (the hemoglobin A _value)
is thus a surrogate indicator of the average blood glucose level
during the previous 3 months. The hemoglobin A, value
should thus be obtained at regular intervals, with patients
whose diabetes treatment is being adjusted tested at 3-month
intervals and patients at goal receiving a stable treatment reg-
imen tested every 6 months. In patients receiving hemodial-
ysis, those with hemolytic anemia or certain hemoglo-
binopathies, or those with recent blood transfusions,
hemoglobin A, values may be falsely lowered because of the
presence of erythrocytes less than 120 days old in the sample.

The findings from the Diabetes Control and
Complications Trial (DCCT) led to the creation of a table
showing the estimated average plasma glucose level for any
given hemoglobin A, _level (Table 6). A hemoglobin A goal
of less than 7.0% is appropriate for many nonpregnant adults
with a long life expectancy, no cardiovascular disease, and a
short duration of diabetes because studies have shown reduc-
tions in microvascular and neuropathic complications and
long-term macrovascular disease in such patients who reached
this goal. For patients with a long duration of diabetes,
known cardiovascular discase, multiple comorbid conditions,
or a history of severe hypoglycemia, hemoglobin A, goals

TABLE 6. Comparison of Hemoglobin A, Value and
Estimated Average Plasma Glucose Level

Hemoglobin A, Estimated Average Plasma

Value Glucose Level :
mg/dL mmol/L

5.0 97 5.0
6.0 126 6.0 ‘
7.0 154 7.0 |
8.0 183 8.0 j
9.0 212 9.0 ‘
10.0 240 10.0
110 269 14.9 ‘
12.0 298 16.5

I Adapted with permission of American Diabetes Association, from Translating the A1C
assay into estimated average glucose values. Nathan DM, Kuenen J, Borg R, Zheng H,
Schoenfeld D, Heine RJ; A1C-derived average glucose study group. [erratum in D‘rabgtes ‘
Care. 2009;32(1):207). Diabetes Care. 2008;31(8):1476. [PMID: 18540046]; permission

| conveyed through Copyright Clearance Center, Inc
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should be less stringent because of the risk of hypoglycemia
and because studies of intensive hemoglobin A, ~lowering
regimens have shown no correlation with reduction in
macrovascular outcomes in these patients.

Many blood glucose monitors have a memory function
that provides the average reading for the past 7, 14, or 30
days, and this meter average can be compared with the esti-
mated average plasma glucose level. If the meter average is
lower or higher than the estimated average plasma glucose
level, hyperglycemia or hypoglycemia is likely occurring when
the patient is not testing (such as postprandially or during
sleep). Real-time continuous glucose monitoring is available
and has the potential to improve glycemic control while
decreasing the incidence of hypoglycemia. Thus far, however,
clinical trials testing the efficacy of real-time continuous glu-
cose monitoring systems have had mixed results.

KEY POINTS

® Because erythrocytes circulate for approximately 120
days before being destroyed and because glucose
becomes attached to hemoglobin during periods of
hyperglycemia, the hemoglobin A, _value provides an
estimate of the average blood glucose level during the
previous 3 months.

® The hemoglobin A,_value should be obtained at reg-
ular intervals, every 6 months for patients with dia-
betes receiving a stable treatment regimen whose pre-
vious values were at goal and every 3 months for
those whose diabetes regimens are being adjusted
because their previous values were not at goal.

Cardiovascular Risk

Because diabetes is associated with a significantly increased
risk of macrovascular complications, especially atherosclerotic
vascular disease, reducing future cardiovascular risk is a prior-
ity in diabetes management. Ten measures that should be
considered for patients with diabetes appear below:

1. Stopping smoking

2. Maintaining a normal weight

3. Eating a healthy diet

4. Exercising moderately for at least 150 minutes per week
5. Using a statin

6. Using an ACE inhibitor or angiotensin receptor blocker
(ARB)

7. Using aspirin

8. Maintaining an LDL cholesterol level of less than 100
mg,/dL (2.59 mmol /L)

9. Maintaining a blood pressure of less than 130,/80 mm Hg
10. Maintaining a hemoglobin A,_ level of less than 7.0%

The health benefits of smoking cessation and maintain-
ing a normal weight are not controversial. However, what

constitutes a healthy diet, how often to exercise, at what age
to start medication, and what to recommend as blood pres-
surc, hemoglobin A, _level, and lipid level targets have been
debated. Regarding statins, the Heart Protection Study
showed significant benefit with simvastatin, 40 mg/d, in all
patients with diabetes who were older than 40 years and had
at least one other risk factor for heart disease, even for patients
whose cholesterol level was not elevated at baseline.
Regarding blood pressure medication, the Heart Outcomes
Prevention Evaluation (HOPE) study found that ramipril was
beneficial in patients with diabetes who were older than 55
years, even those who did not have hypertension. The ADA
and American Heart Association recommend that LDL cho-
lesterol levels be less than 100 mg/dL (2.59 mmol /L) for all
persons with diabetes and that a target of less than 70 mg /dL
(1.81 mmol/L) be considered for those who already have
heart discase or macrovascular discase of any type, including
stroke and peripheral vascular disease.

Whether all patients with diabetes should have a blood
pressure less than 130,/80 mm Hg is unclear. The ACCORD
study group compared a conservative systolic blood pressure
target (<140 mm Hg) with a more aggressive one (<120 mm
Hg) in more than 4700 patients with type 2 diabetes (mean
age, 62 years) who had evidence of preexisting cardiovascu-
lar disease. No difference in the annual rate of fatal and non-
fatal cardiovascular disease events was found over 8 years of
tollow-up, although more adverse events related to drug side
eftects occurred in those trying to achieve the more aggres-
sive target. Although treatment efforts have traditionally
focused on achieving hemoglobin A, _levels close to the nor-
mal range, recent evidence suggests that values approaching
normal in older patients with preexisting cardiovascular dis-
case may be associated with increased all-cause mortality. This
information underscores the need to establish individualized
treatment goals in this population.

KEY POINTS

® Because diabetes is associated with a significantly
increased risk of macrovascular complications, espe-
cially atherosclerotic vascular disease, reducing
future cardiovascular risk is a priority in diabetes
management.

e Statins have significant benefit in patients with dia-
betes who are older than 40 years and have at least
one other risk factor for heart disease.

Lowering Blood Glucose Levels in Type 2
Diabetes

Nonpharmacologic Approaches

Lifestyle changes (such as weight loss, increased exercise, and
decreased carbohydrate intake) are the cornerstone of type 2
diabetes trearment and should be considered in every person
with the disease. For patients with type 2 diabetes and obe-
sity, a slow, steady weight loss—achieved by cating a diet with



moderate amounts of complex high-fiber carbohydrates, pro-
tein, and fat and engaging in moderate exercise on a daily
basis—should be a goal. Only approximately 5% to 10% of
patients with tvpe 2 diabetes will be able to control their
blood glucose levels with lifestyle measures alone. Even if
pharmacologic agents must be added later, these drugs will be
much more effective and will require lower doses if patients
also focus on lifestyle measures. Although exercise usually
lowers the blood glucose level in patients with diabetes, this
level may increase if exercise is attempted when the patient’s
insulin level is low, such as first thing in the morning before
any insulin is taken, as a result of exercise-induced hepatic glu-
coneogenesis; in the absence of sufficient plasma insulin
(hypoinsulinemia), the glucose cannot be absorbed by the
muscles and other tissues, and the blood glucose level con-
tinues to increase.

For patients with diabetes and morbid obesity, various
forms of weight-loss surgery (bariatric surgery) are available.
Bariatric surgery causes weight loss by restriction, malabsorp-
tion, or a combination of the two and has resulted in a sig-
nificant rate of remission of diabetes in some studies. For
more information on bariatric surgery and its complications,
scc MKSAP 16 Gastroenterology and Hepatology and
MEKSAP 16 General Internal Medicine.

Pharmacologic Agents
At the time of diabetes diagnosis, lifestyle changes should be
encouraged and a noninsulin agent started. In the past
decade, agents to help lower blood glucose levels in patients
with diabetes have proliferated, with no fewer than 12 differ-
ent drug classes now available (Table 7). The available drugs
vary markedly in cost, route and frequency of administration,
effect on body weight, mechanism of action, adverse effect
profile, and known effects on serious outcomes (microvascu-
lar and macrovascular events, morbidity, and mortality).
Much is now known about older diabetes agents, such as
insulin, the sulfonylureas, and metformin, that provide
proven long-term glycemic control and cost effectiveness.
Newer agents offer the potential advantage of targeting dif-
ferent metabolic pathways, and adding or combining these
agents can lower blood glucose levels by different mecha-
nisms. However, the long-term efficacy and safety of thesc
drugs relative to older drugs are not as well established, and
the newer drugs tend to be considerably more expensive.
The natural history of type 2 diabetes is of progressive
loss of pancreatic beta-cell function in addition to underlying
insulin resistance; as pancreatic beta-cell function continues to
decline, postprandial blood glucose levels increase. Therefore,
most patents will require more than one pharmacologic
agent over time to maintain their plasma glucose level at goal.
No consensus exists among experts about which combination
of agents works best. Options are to add oral agents that help
lower postprandial blood glucose levels (sulfonylureas, o-glu-
cosidase inhibitors, meglitinides, or dipeptidyl peptidase-4
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inhibitors), injectable agents that slow gastric emptying and
suppress glucagon (pramlintide, exenatide, or liraglutide), or
insulin. For most patients, metformin is the best agent to add
to lifestyle modifications as an initial therapy.

The sulfonylureas vary mostly in dose and half-life,
Those with long half-lives, such as chlorpropamide and gly-
buride, can cause profound, prolonged hypoglycemia, espe-
cially in older patients and patients with impaired kidney func-
tion. Therefore, these drugs should be avoided in these two
populations. For the past 40 years, concern has existed that
treatment with certain sulfonylureas increases myocardial
damagge after coronary artery occlusion because first- and sec-
ond-generation sulfonylurcas (such as glyburide) bind to
myocardial and pancreatic adenosine triphosphate—sensitive
potassium channels, thus blocking myocardial precondition-
ing mechanisms. Third-generation sulfonylureas (such as glic-
lazide and glimepiride) bind exclusively to pancreatic beta-cell
potassium channels. One study showed that in-patient mor-
tality of patients with diabetes who sustained acute ST-eleva-
tion and non-ST-elevation myocardial infarctions was signif-
icantly lower for those taking gliclazide or glimepiride (2.7%)
than those taking glyburide (7.5%; P<0.02).

KEY POINT

e For most patients with type 2 diabetes, lifestyle modi-
fications and metformin therapy are the best initial
treatments; as their discase progresses, many will need
to use additional pharmacologic agents.

Insulin Therapy for Diabetes

Basal insulin generally is used in type 2 diabetes if a patient is
unable to achieve a target fasting plasma glucose level with
lifestyle modification and oral hypoglycemic agents alone.,
Adding a longer-acting form of insulin (such as neutral prot-
amine Hagedorn [NPH] insulin, insulin detemir, or insulin
glargine) either at bedtime or first thing in the morning also
can be effective. (Of note, insulin detemir and insulin glargine
are two- to four-times more expensive than NPH insulin and,
in randomized controlled trials, generally achieve the same
hemoglobin A, values and only modestly less hypoglycemia
than does NPH insulin.) A basal insulin usually is combined
with an oral hypoglycemic agent (such as a long-acting
insulin at bedtime combined with dayime metformin) to
achieve adequate control.

Premixed insulins (Table 8), which combine different
insulin types with differing pharmacokinetic profiles, can min-
imize the number of daily injections a patient takes. The size
and timing of the peak insulin effect can be altered by using dif-
ferent proportions of a rapid-acting insulin analogue, short-act-
ing regular insulin, and long-acting insulin (Figure 1).
Although twice-daily premixed insulins can be used quite effec-
tively in patients with type 2 diabetes who have stable daily rou-
tines of what and when they cat and how much they exercise,
the day-to-day variability of insulin absorption means that
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TABLE 7. Pharmacologic Agents Used to Lower Blood Glucose Levels in Type 2 Diabetes Mellitus
|

| Class Route of Mechanism of Effect on Risks and Long-Term Studies on
Administration Action Weight Concerns Definitive Outcomes |
Insulin Injection Decreases hepatic Increase Hypoglycemia; Decrease in both microvascular and |
glucose production, insulin allergy macrovascular events |
increases peripheral (rare) |
glucose uptake, and |
w supports anabolism
Sulfonylureas  Oral Stimulate insulin Increase Hypoglycemia Decrease in microvascular events
| (tolbutamide, secretion from (especially in drugs but possible increase in
chlorpropamide, pancreatic beta cells with long half-lives);  macrovascular events with
glipizide, weight gain; skin tolbutamide, chlorpropamide,
| glyburide, rashes (including glyburide, and glipizide; not seen
| gliclazide, photosensitivity) with gliclazide or glimepiride
| glimepiride)
Biguanides Oral Decrease hepatic Neutral Diarrhea and Decrease in both microvascular ‘
(metformin) glucose production, abdominal and macrovascular events and ‘
decrease free fatty discomfort; lactic decreased risk of cancer }
acids, increase acidosis (exceedingly .
insulin-mediated rare); contraindicated f
uptake of glucose in presence of [
in muscles progressive liver, [
kidney, or cardiac i
failure |
o-Glucosidase  Oral Inhibit polysaccharide Neutral Flatulence; May reduce CVD events (acute Ml |
inhibitors absorption abdominal and hypertension)
| (acarbose, discomfort
miglitol,
| voglibose)
Thiazolidine-  Oral Activate nuclear Increase Fluid retention; Increase in CVD events (heart
diones PPARyreceptors to heart failure; failure, acute MI) and mortality .
| (rosiglitazone, regulate gene macular edema; with rosiglitazone; unclear whether |
| pioglitazone) expression in osteoporosis pioglitazone causes net harm or
! numerous tissues, (possible good
[ increase peripheral increased risk
uptake of glucose, of bladder cancer 1
decrease hepatic with pioglitazone) ‘
glucose production ‘
| Meglitinides Oral Stimulate insulin Increase Hypoglycemia None ‘
| (repaglinide, release from }
nateglinide) pancreatic beta cells 1
Lipase Oral Inhibit dietary Decrease  Flatulence; None l
inhibitors fat absorption abdominal
(orlistat) discomfort; oily ‘
feces; occasional .
fecal incontinence; |
reduced absorption l
of fat-soluble ‘
| vitamins :
Amylino- Injection Slow gastric emptying, Decrease  Nausea; vomiting; None
mimetics suppress glucagon increased
(pramlintide) secretion, increase hypoglycemic risk
satiety of insulin
GLP-1 mimetics Injection Slow gastric emptying, Decrease  Hypoglycemia when  None

(exenatide and
liraglutide)

suppress glucagon
secretion, increase
satiety

used in combination
with sulfonylureas;
nausea and vomiting;
possible increased risk
of pancreatitis and
chronic kidney disease

(continued on next page) |
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TABLE 7. Pharmacologic Agents Used to Lower Blood Glucose Levels in Type 2 Diabetes Mellitus (continued)

Class Route of Mechanism of Effect on Risks and Long-Term Studies on
Administration Action Weight Concerns Definitive Outcomes
DPP-4 Oral Slow gastric Neutral Hypoglycemia when ~ None ‘
inhibitors emptying, used in combination
| (sitagliptin, suppress glucagon with sulfonylureas;
| saxagliptin, secretion nausea; skin rashes; :
vildagliptin) increased risk of ‘

infections; possible
increased risk of
pancreatitis

Bile acid Oral Unclear Neutral Constipation; None
sequestrants dyspepsia;
(colesevelam) increased

triglyceride level;
possible increase in
LDL cholesterol
level; reduced
absorption of fat-
soluble vitamins

Dopamine Oral Unclear central Neutral Nausea; headache; None
| agonists nervous system orthostatic
| (bromocriptine) effects hypotension;
' inhibition of |

lactation; potential
exacerbation of
psychosis

[
| CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MI = myocardial infarction; PPARY = peroxisome proliferator-activated receptor-y. |

TABLE 8. Pharmacokinetic Properties of Insulin Products®

| Insulin Type Onset Peak Duration
Rapid-acting (lispro, aspart, glulisine) 5-15min 45-90 min 2-4h
Short-acting (regular) 0.5-1h 2-4h 4-8 h
NPH insulin 1-3h 4-10h 10-18 h
Detemir 1-2h None® 12-24 h¢
Glargine 2-3h None® 20-24+h
Premixed insulins [
70% NPH/30% regular 0.5-1h 2-10h 10-18 h ‘
50% NPH/50% regular 0.5-1h 2-10 hd 10-18 h
75% NPL/25% lispro 10-20 min 1-6h 10-18 h
50% NPL/50% lispro 10-20 min 1-6 hd 10-18 h
70% NPA/30% aspart 10-20 min 1;6 h 10-18 h
| NPA = neutral protamine aspart; NPH = neutral protamine Hagedorn; NPL = neutral protamine lispro. ‘
| d'H:e time course of each insulin varies significantly between persons and within the same person on different days. Therefore, the time periods listed should be considered general guidelines
only.
bBoth insulin detemir and insulin glargine can produce a peak effect in some persons, especially at higher doses
| “The duration of action for insulin detemir varies depending on the dose given.
“premixed insulins containing a larger proportion of rapid- or short-acting insulin tend to have larger peaks occurring at an earlier time than mixtures containing smaller proportions of rapid-

or short-acting insulin.
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Insulin

level Short (regular insulin)

Rapid (insulin lispro, aspart, and glulisine)

Intermediate (NPH insulin)

Long (insulin glargine)

Long
(insulin detemir)

18 20 22 24

Hours

FIGURE 1. Plasma insulin profiles of different types of insulin preparations. The shaded areas represent the range of normal insulin responses to three meals in

persons without diabetes. NPH = neutral protamine Hagedorn.

patients may experience unpredictable episodes of hypo-
glycemia during the middle of the day or night with these
preparations. An alternative strategy is to use an intensified
insulin regimen of basal and preprandial insulins, similar to
approaches used by patdents with type 1 diabetes. Cost con-
cerns are a factor in determining which pharmacologic choices
are made (sce Table 8) because the newer insulin preparations
(insulin glargine, detemir, aspart, lispro, and glulisine) are far
more expensive than regular insulin and NPH insulin.

Insulin treatment is essential for all patients with type 1
diabetes and for many patients with type 2 diabetes who have
significant insulin deficiency in addition to their underlying
insulin resistance. The degree of complexity in the regimen
should be decided collaboratively with each patient. Although
once or twice daily regimens with long- or intermediate-act-
ing or premixed insulins offer the convenience and lower cost
of fewer injections and fewer blood glucose tests, concern has
been raised that these agents may lead to higher plasma
insulin levels throughout the day, which may cause unpre-
dictable hypoglycemia and weight gain. Intensified insulin
regimens with three to five insulin injections per day or a con-
tinuous subcutaneous insulin infusion, although more com-
plicated, allow for more precise control of blood glucose lev-
cls between meals, overnight, after food intake or exercise,
and with stress. This approach separates insulin delivery into
basal and prandial components.

Most patients require 0.5 to 1.5 units/kg/d of insulin,
although this may vary greatly depending on the patient’s
degree of insulin resistance or sensitivity. Most persons with
type 1 diabetes are quite sensitive to insulin, and thus 0.5
units/kg/d is a good initial dose. In contrast, most persons
with type 2 diabetes have significant insulin resistance and
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thus may require upward titration from this starting dosc to
1 to 1.5 units/kg,/d, depending on their individual response.
Approximately half the daily dose is given as a basal insulin
(one or two injections of NPH insulin, insulin glargine, or
insulin detemir, or a continuous basal subcutaneous infusion
from an insulin pump). Before cach meal, a bolus of rapid-act-
ing insulin is given, and these three injections account for the
other half of the day’s total insulin use. Ideally, the total bolus
amount is determined by the amount of carbohydrates about
to be consumed (typically, 1 unit for every 10 [or 15] grams
of carbohydrate) plus a correction factor predicated on the
preprandial blood glucose level. A typical correction factor for
a patient with type 1 diabetes is 1 additional unit for every
40 (or 50) mg/dL (2.2 [or 2.8] mmol/L) above 100
mg/dL (5.6 mmol/L) the preprandial glucose level is; for
patients with type 2 diabetes, the correction factor is 1 addi-
tional unit for every 25 mg/dL (1.4 mmol/L) above 100
mg/dL (5.6 mmol /L) the preprandial glucose level is. These
preprandial bolus injections must be given as separate injec-
tions and not mixed with the basal insulin. When short-act-
ing or rapid-acting insulin is mixed with longer-acting insulin,
the pharmacokinetics change to cause a significantly delayed
single peak (as seen with premixed insulins) (see Figure 1).
For patients trying to achicve hemoglobin A, _levels less
than 7.0%, fasting and premeal glucose targets usually are set
at approximately 80 to 130 mg/dL (4.4-7.2 mmol/L). If
these levels are not being attained or postprandial levels are
consistently greater than 200 mg/dL (11.1 mmol /L) despite
using these calculations, the formulae can be changed (for
example, to take 1 unirt for every 10 grams of carbohydrates
consumed and 1 additional unit for every 30 mg/dL (1.7
mmol /L] above target the preprandial blood glucose level is).
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KEY POINTS

* Although more convenient and less costly, once or
twice daily regimens with intermediate-acting or pre-
mixed insulins can cause more frequent and unpre-
dictable hypoglycemia and weight gain in patients
with diabetes.

» Most patients with diabetes who take daily insulin
receive an intensified regimen of basal and prepran-
dial insulins, with the dosage of the latter varying
depending on the amount of carbohydrates about to
be consumed and on what the preprandial blood glu-
cose level is.

Inpatient Management of Hyperglycemia and
Diabetes

When patients with type 1 or type 2 diabetes are admitted to
a hospital for treatment of diabetes or other conditions,
glycemic control is likely to deteriorate. Additionally, when
patients with previously undiagnosed diabetes are admitted to
a hospital, their outcomes and length of stay are likely to be
much worse if the diabetes remains undiagnosed or
untreated. For these reasons, measurement of plasma glucose
and hemoglobin A,_ levels should be routine when most
adults are admitted.

The main goals for patents with diabetes during hospi-
talization are to (1) avoid hypoglycemia; (2) avoid severe
hyperglycemia, volume depletion, and clectrolyte abnormal-
ities; (3) ensure adequate nutrition; (4) address diabetes edu-
cation needs; and (5) facilitate smooth transition back to the
ambulatory setting. Success and case in achieving these goals
depend on the type of diabetes and the severity of the under-
lying illness precipitating the admission. The key is to perform
frequent blood glucose testing during hospitalization (cither
before meals and bedtime or every 6 hours if the patient is
receiving nothing by mouth).

For patients with type 2 diabetes who follow dietary ther-
apy and take oral agents, continuing their oral agents may be
reasonable it they are still eating. If patients are not able or
allowed to eat, then oral agents should be stopped. Oral
agents should also be stopped in the presence of specific con-
traindications:

e Metformin should be stopped if intravenous contrast dye
will be used or if the reason for admission could cause
lactic acidosis.

e Thiazolidinediones (pioglitazone, rosiglitazone) should
be stopped in patients admitted with prevalent or sus-
pected cardiovascular disease, peripheral edema, heart
failure, ventricular dysfunction, or osteoporosis.

e Both metformin and thiazolidinediones should be dis-
continued in patients with either acute or chronic liver
dysfunction.
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e Sulfonylureas and meglitinides, which increase the risk of
hypoglycemia, should be stopped if food intake may be
unpredictable.

A plasma glucose range of 140 to 180 mg/dL (7.8-
10.0 mmol /L) is recommended for critically ill hospitalized
patients with hyperglycemia. The glycemic targets for non-
critically ill hospitalized patients have not been adequately
determined by research trials, but current recommenda-
tions from a consensus statement by the ADA and the
American Association of Clinical Endocrinologists are to
maintain fasting and premeal glucose levels of less than 140
mg/dL (7.8 mmol/L) but no lower than 90 mg/dL (5.0
mmol/L) and random or postprandial levels of less than
180 mg/dL (10.0 mmol/L).

All patients with type 1 diabetes and many with type 2
will require insulin treatment while in the hospital. The use of
sliding-scale insulin without basal insulin generally is discour-
aged. When sliding-scale regular or rapid-acting insulin is
used without basal insulin, the likelihood of wide swings from
hyperglycemia to hypoglycemia is much stronger. If the
blood glucose level is at target and no insulin is given, then
the glucose level is almost certain to be much higher when
next checked; at that time, a large dose of rapid-acting insulin
most likely will be given, which will result in hypoglycemia. A
better approach is to give basal insulin subcutaneously and
then add a preprandial rapid-acting insulin in a variable dose
based on the amount of carbohydrate the patient is planning
to eat, with an additional amount to correct for the degree of
preprandial hyperglycemia. For patients who are more criti-
cally ill or whose blood glucose level cannot be maintained in
the target range with subcutancous insulin, an intravenous
glucose infusion, which allows much more rapid adjustments,
should be considered, provided adequate skilled staff is avail-
able for safe administration.

KEY POINTS

e A plasma glucose range of 140 to 180 mg/dL (7.8-
10.0 mmol /L) is recommended for critically ill hos-
pitalized patients with hyperglycemia.

o In nongritically ill hospitalized patients with hyper-
glycemia, a consensus statement recommends fasting
and premeal glucose levels of less than 140 mg/dL
(7.8 mmol/L) but no lower than 90 mg/dL (5.0
mmol /L) and random or postprandial levels of less
than 180 mg/dL (10.0 mmol /L).

Acute Complications of Diabetes
Diabetic Ketoacidosis and Hyperglycemic
Hyperosmolar Syndrome

Insulin-deficient states, whether absolute or relative, can result
in DKA or hyperglycemic hyperosmolar syndrome (HHS),
which are both serious and life-threatening conditions. The
most common causes of DKA are new-onset type 1 diabetes,
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inappropriate underdosing of insulin or missed insulin dosing
(alone or in combination with infection or other serious ill-
nesses), and myocardial ischemia. A spectrum of metabolic
decompensation occurs in DKA (Figure 2). The degree of
hyperglycemia and acidosis depends on several factors, includ-
ing the severity of insulin deficiency, diet, kidney function, and
any additional inciting factor. A patient with type 1 diabetes
who has complete insulin deficiency can develop acidosis in a
matter of hours, frequently with plasma glucose levels in excess
of 400 to 500 mg/dL (22.2-27.8 mmol/L). In certain
patients, however, only relatively mild hyperglycemia (200-250
mg/dL [11.1-13.9 mmol/L]) is scen. For example, if the
patient is not eating or drinking, severe ketoacidosis may occur
before the plasma glucose level has increased by very much.
Alternatively, patients with impaired hepatic function or ongo-
ing use of alcohol may have a relatively dampened degree of
hepatic glucose production, which is the primary driver of
hyperglycemia in DKA. In contrast, an older patient with only
partial insulin deficiency might develop hyperglycemia and
dehydration subacutely over days or even weeks. If the patient
still produces enough endogenous insulin to prevent lipolysis,

28
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Euglycemic
DKA
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Spectrum

but not enough to control the plasma glucose level, he or she
will remain nonketotic. However, if sugary liquids are con-
sumed to quench thirst, if the patient has impaired renal clear-
ance of glucose, or if a coexisting infection or other inciting fac-
tor is present, HHS—a severe hyperosmolar nonketotic
hyperglycemia—can develop.

The carliest symptoms of severe hyperglycemia are
polyuria, polydipsia, and weight loss. As hyperglycemia wors-
ens, neurologic symptoms appear, including lethargy, drowsi-
ness, focal deficits, and coma. As the acidosis and electrolyte
disturbance worsen, patients experience nausea, vomiting,
abdominal pain, and hypervendladon. Total-body loss of elec-
trolytes, especially potassium, can be severe but may not be
apparent initially because potassium leaks out of cells, which
causes the serum potassium level to appear falsely “normal.”
After insulin is administered, the available potassium moves
rapidly back inside the cells, which results in a precipitous
decrease in the serum potassium level.

The initial evaluation of a patient with suspected DKA or
HHS should include laboratory studies, such as measurement
of plasma glucose, serum clectrolyte, serum creatinine, and

Hyperosmolar
Nonketotic
Hyperglycemia

Classic
DKA

T T T T
100 200 300 400

56 1.1 16.7 22.2 27.8

T T T T 3
600 700 800 900 1000
333 38.9 44.4 50.0 55.5

Plasma glucose (mg/dL [mmol/L))

FIGURE 2. Spectrum of metabolic decompensation that occurs in DKA. DKA = diabetic ketoacidosis.
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blood urea nitrogen levels; a complete blood count with

o leukocyte differential; urinalysis, including urine ketones;
" determination of plasma osmolality and the presence of

serum ketones (if urine ketones are present); and an arterial
blood gas analysis (if the serum bicarbonate level is substan-
tially reduced). Electrocardiography is also recommended.
The plasma glucose level should be measured every hour,
whereas the other serum and plasma levels should be mea-
sured every 2 to 4 hours, depending on the severity of the aci-
dosis and the clinical response. Unless profound acidemia is
detected, repeat arterial blood gas measurement is usually
unnecessary if the venous pH or serum bicarbonate level can
be obtained every 2 to 4 hours.

DKA and HHS are best managed in an intensive care unit,
especially if the patient has signs of clinical instability (such as
hypotension, bradycardia, increased work of breathing, altered
mental status, or a pH less than 7.0). Treatment includes care-
ful replacement of fluids, electrolytes, and insulin (with intra-
venous infusion of regular insulin) and correction of acidosis,
if present (Table 9). Although the appropriate additional test-
ing to identify the underlying causes of the DKA or HHS will
depend on clinical circumstances, a few points are worth not-
ing. In the absence of infection, the leukocyte count may be
greater than 20,000 /microliter (20 x 10° /L) in DKA because
of ketoacidosis alone. Because metabolic decompensation also
can suppress temperature, the lack of a fever does not rule out
infection. Additionally, abdominal pain in the setting of dia-
betic ketoacidosis is typically generalized and usually seen when

Diabetes Mellitus

the serum bicarbonate level is substantially less than 15 meq/L
(15 mmol/L); focal abdominal pain, especially if the acidosis
is not severe (>15 meq/L. [15 mmol /L]), more likely repre-
sents an intra-abdominal problem. Because metabolic decom-
pensation also can cause an increased serum amylase level (to
>1000 units /L), a high amylase level is not a reliable indicaror
of acute pancreatitis, £

KEY POINTS

e The initial evaluation of a patient with suspected dia-
betic ketoacidosis or hyperglycemic hyperosmolar
syndrome should include frequent measurement of
plasma glucose, serum electrolyte, serum creatinine,
and blood urea nitrogen levels and plasma osmolality;
a complete blood count; urinalysis; an arterial blood
gas analysis (if the serum bicarbonate level is substan-
tially reduced); and electrocardiography.

e Management of diabetic ketoacidosis and hyper-
glycemic hyperosmolar syndrome should include
careful replacement of fluids, electrolytes, and insulin
(with intravenous infusion of regular insulin) and cor-
rection of acidosis, preferably in an intensive care unit
if the patient is unstable clinically.

Hypoglycemia

The brain uses glucose as its preferred fuel. When a person’s
plasma glucose level is less than 70 mg/dL (3.9 mmol /L),
signals are sent from the brain to the pancreas, liver, and

TAELE 9. Management of Hyperglycemic Crisis (DKA and HHS)

Fluids Insulin (Regular)

Potassium

Correction of Acidosis

Assess for volume
status, then give 0.9%
saline at 1 L/h initially
in all patients, and
continue if patient is
severely hypovolemic.
Switch to 0.45%
| normal saline at
i 250-500 mU/h if

corrected serum

sodium level becomes
normal or high. When
the plasma glucose
level reaches 200 mg/dL
- (1.1 mmol/L) in
patients with DKA
or 300 mg/dL
| (16.7 mmol/L) in HHS,
switch to 5% dextrose
with 0.45% normal
saline at 150-250 mU/h.

Give regular insulin, 0.1 unit/kg,
as an intravenous bolus
followed by 0.1 unitkg/h

as an intravenous infusion;

if the plasma glucose level

does not decrease by 10% in

the first hour, give an additional
bolus of 0.14 unitkg and resume
previous infusion rate; when

the plasma glucose level

reaches 200 mg/dL (11.1 mmoliL)
in DKA and 300 mg/dL

(16.7 mmol/L) in HHS, reduce

to 0.02-0.05 unitkg/h,

and maintain the plasma
glucose level between

150-200 mg/dL (8.3 mmol/L)
until anion gap acidosis

is resolved in DKA.

Assess for adequate kidney
function, with adequate
urine output (approximately
50 ml/h). If serum potassium
is <3.3 meg/L (3.3 mmol/L),
do not start insulin but
instead give intravenous
potassium chloride,

20-30 meg/h, through a
central line catheter until
the serum potassium level is
>3.3 meg/L (3.3 mmol/L);
then add 20-30 meq of
potassium chloride to each
liter of intravenous fluids to
keep the serum potassium
level in the 4.0-5.0 meg/L
(4.0-5.0 mmol/L) range.

If the serum potassium

level is >5.2 meqg/L

(5.2 mmol/L), do not give
potassium chloride but
instead start insulin and
intravenous fluids and
check the serum potassium
level every 2 hours.

If pH is <6.9,

give sodium

bicarbonate, 100 mmol in
400 mL of water, and
potassium chloride,

20 meq, infused

over 2 hours. If pH is 6.9 or
greater, do not give
sodium bicarbonate.

\ DKA = diabetic ketoacidosis; HHS = hyperglycemic hyperosmolar syndrome
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adrenal glands that collectively raise the plasma glucose level.
The hormones involved are glucagon, epinephrine, norepi-
nephrine, cortisol, and growth hormone; hepatic gluconeo-
genesis also occurs. Hyperadrenergic symptoms (sweating,
rapid heartbeat, anxiety, hunger, and tremor) are usually
experienced first. If the plasma glucose level continues to
decline, brain function becomes impaired, and neurogly-
copenic signs and symptoms (cognitive impairment, somno-
lence, dizziness, slurred speech, and change in personality)
develop. If these signs and symptoms are not recognized and
treated and the plasma glucose level continues to decrease,
the patient may lose consciousness, develop focal neurologic
signs (such as hemiparesis), or have seizures.

Although most common in type 1 diabetes, severe
hypoglycemia also can occur in type 2 diabetes in patients
who are taking insulin or drugs (such as sulfonylureas and
meglitinides) that stimulate the release of insulin. The situ-
ations in which hypoglycemia most commonly develops
involve patients taking too large a dose of insulin, delaying
or skipping a mecal, cating fewer carbohydrates than nor-
mally, or exercising more than usual. Older patients who
take sulfonylureas with long half-lives or who develop heart
failure or kidney impairment can have high drug levels in
their blood due to decreased clearance, which results in pro-
found and prolonged hypoglycemia. Prolonged exercise that
is not followed by consumption of complex carbohydrates
can lead to hypoglycemia several hours later as the muscles
and the liver continue to remove glucose from the blood to
replenish their glycogen stores. This is especially problematic
if exercise occurs in the evening before bedtime. Excess alco-
hol consumption also can cause hypoglycemia by suppress-
ing hepatic glucose production. Alcohol additionally may
blunt a person’s ability to recognize hypoglycemic symp-
toms (slurred speech, altered personality), and these symp-
toms may be wrongly attributed by others to his or her alco-
hol use.

Distinguishing between the following four hypoglycemic
situations can be useful:

1.Severe hypoglycemia, which requires the assistance of
another person to administer a carbohydrate (preferably
glucose sublingually or intravenously) or subcutancous
glucagon

2. Documented symptomatic hypoglycemia, which occurs
when a patient feels typical hyperadrenergic hypo-
glycemic symptoms and verifies that the blood glucose
level is less than 70 mg/dL (3.9 mmol/L) before self-
treating with 15 grams of a carbohydrate

3.Asymptomatic  hypoglycemia  (or  hypoglycemic
unawareness), in which a patient does not develop typ-
ical hyperadrenergic symptoms but has a measured

plasma glucose level of less than 70 mg/dL (3.9

mmol,/L); this situation occurs most often in type 1 dia-

betes in paticnts striving for excellent glycemic control
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(hemoglobin A, value <7.0%) who have chronic, fie-
quent cpisodes of hypoglycemia. The body’s ability to
recognize hypoglycemia and secrete counterregulatory
hormones in response to hypoglycemia deteriorates and
leaves these patients vulnerable to further episodes of
severe hypoglycemia, Treatment for this hypoglycemic
unawareness is to reduce the insulin dosage and eat
more carbohydrates both at meals and between meals to
ensure a blood glucose level of 150 to 200 mg/dL
(8.3-11.1 mmol /L) at all times for several weeks. This
step allows the body to “reset” so that hypoglycemia is
recognized and the counterregulatory response to
hypoglycemia is improved.

4. Relative hypoglycemia, in which a patient experiences
hyperadrenergic hypoglycemic symptoms but has a
measured plasma glucose level greater than 70 mg/dL
(3.9 mmol/L); this situation occurs most often in
patients who have had months (or longer) of hyper-
glycemia (plasma glucose levels >200 mg/dL [11.1
mmol /L] at all times) whose plasma glucose levels are
then lowered by medication or lifestyle changes closer to
the normal range. Hyperadrenergic hypoglycemic symp-
toms can occur when the plasma glucose level in these
patients is 120 mg/dL (6.7 mmol /L) or even higher. If
these patients continue to keep their plasma glucose level
substantially less than 200 mg/dL (11.1 mmol /L), the
threshold at which they manifest hypoglycemic symp-
toms will fall to more typical levels (<70 mg/dL [3.9
mmol/L]).

Patients vary in how well they tolerate the hyperadrener-
gic symptoms of hypoglycemia psychologically. Fear of the
symptoms and of the hypoglycemia itselfis a common barrier
to achieving hemoglobin A, goals. Although the human
brain can tolerate recurrent episodes of hypoglycemia rela-
tively well, cognitive deficits can be found among children
and adults who have had years of repeated episodes of severe
hypoglycemia. In older patients and those whose livelihood
would be jeopardized by hypoglycemia (commercial vehicle
drivers, persons who work with dangerous equipment), it is
reasonable (and indeed preferable) to set hemoglobin A, _ tar-
gets at higher levels and to adjust treatment regimens to
reduce the chance of hypoglycemia.

KEY POINTS

¢ Although most common in type 1 diabetes mellitus,
hypoglycemia also occurs in patients with type 2 dia-
betes who are taking insulin or drugs that stimulate
the release of insulin.

° In relative hypoglycemia, a patient experiences typical
hypoglycemic symptoms but has a measured plasma
glucose level greater than 70 mg/dL (3.9 mmol /L).



Chronic Complications of
Diabetes

Diabetic Retinopathy
Because the retina is highly vascular and can be viewed
directly through an ophthalmoscope, it gives the earliest indi-
cation of microvascular damage from hyperglycemia. Diabetic
retinopathy generally develops and progresses slowly and pre-
dictably. Chronic hyperglycemia causes edema, hard exudates,
and tiny hemorrhages in the retinal layers. Microaneurysms in
the vessel wall may result in retinal infarcts (soft exudates or
“cotton wool” spots). These features are collectively called
background or nonproliferative diabetic retinopathy. As the
retina becomes more ischemic, proliferative retinopathy can
occur, in which blood vessels rupture and often cause exten-
sive intraocular bleeding, Fibrosis and contraction follow,
leading to retinal detachment. This severe proliferative
retinopathy may thus result in a substantial loss of vision.

Management of diabetic retinopathy consists of regular
retinal evaluation by direct visual examination through an
ophthalmoscope or by high-quality retinal photographs.
Screening guidelines are shown in Table 10. This screening
does not need to be started untl 5 years after diagnosis of
type 1 diabetes because of the general lack of retinopathy seen
in the early years of the disease. Because type 2 diabetes usu-
ally develops slowly, undetected hyperglycemia may be pre-
sent for many years before diagnosis. Therefore, retinal
screening should start immediately in patients with this type
of diabetes; approximately 10% of these patients have evi-
dence of diabetic retinopathy at diagnosis. In patients with
background retinopathy and poor glycemic control, a rapid
improvement in glycemic control can result in a temporary
worsening of retinopathy (particularly retinal infarcts). This
pattern also is seen in pregnant women with diabetes in
whom diabetic retinopathy can appear suddenly and progress
rapidly. Therefore, pregnant women with diabetes should be
screened for retinopathy during the first trimester and in each
trimester thereafter.

The risk of retinopathy can be reduced (or the progres-
sion slowed) by excellent glycemic control (hemoglobin A,
value <7.0%), lowering blood pressure, smoking cessation, or

TABLE 10.
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use of ACE inhibitors. The mainstay of treatment for
advanced diabetic retinopathy is laser photocoagulation. In
patients with macular edema, focal laser therapy in the sur-
rounding retina can reduce the edema and restore vision.
When proliferative retinopathy develops, more widespread
laser therapy (often several thousand tiny laser burns delivered
to the periphery of the retina) is used. As these burns scar and
become avascular, the total retinal area is reduced by approx-
imately one third; the remaining retina thus receives more
blood, and new vessels involute. As a result, the risk of major
intraocular bleeding or retinal detachment is reduced and
central vision is preserved, but at the expense of a loss of
peripheral vision. After widespread (panretinal) laser photo-
coagulation, many patients notice a significant worsening of
their peripheral vision while driving, which can be especially
noticeable and troubling at night.

In addition to laser photocoagulation therapy, an alter-
native or complementary management of proliferative dia-
betic retinopathy is intraocular injections of inhibitors of vas-
cular endothelial growth factors, such as bevacizumab or
ranibizumab, every 4 to 8 weceks.

KEY POINT

e The mainstay of treatment of advanced diabetic
retinopathy is laser photocoagulation.

Diabetic Nephropathy

Chronic hyperglycemia causes progressive damage to the
glomerular basement membranes of the kidneys in patients
with diabetes. The kidneys then begin to release excessive
amounts of protein into the urine. This proteinuria is associ-
ated with an increased serum creatinine level, worsening
hypertension, and progression to end-stage kidney disease
requiring dialysis or kidney transplantation. Although dia-
betes remains the leading cause of chronic kidney failure in
the United States and is the most common reason for dialy-
sis and kidney transplantation, the overall incidence of dia-
betic nephropathy has declined significantly in the past two
decades. Improved glycemic and blood pressure control, the
use of ACE inhibitors or ARBs, and smoking cessation pro-
grams are largely responsible for this decrease. Some research

Screening Recommendations for Diabetic Retinopathy

Clinical Situation

When to Start Screening

Screening Frequency !

Type 1 diabetes At 5 years after diagnosis

| Type 2 diabetes At diagnosis

In pregnant women with either First trimester

type of diabetes

‘ In women with either type of
diabetes planning to conceive

During preconception planning

Annually? ‘
Annually?

Every trimester and then closely for 1 year
postpartum

Same as recommendations for pregnant ]
women once conception occurs ‘

| -

It is reasonable to screen every 2 years if no diabetic retinopathy is present and to screen more often than annually if diabetic retinopathy is advanced or progressing rapidly.
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Diabetes Mellitus

evidence suggests that intensive glucose management may
prevent or delay the onset and progression of diabetic
nephropathy. Patients with type 1 diabetes who have no
detectable proteinuria 20 years after diagnosis are unlikely to
develop end-stage kidney disease. Although the incidence of
diabetic nephropathy is somewhat lower in type 2 diabetes,
significant genetic and ethnic variation exists.

Protein in the urine can be measured by determining the
albumin-creatinine ratio. Values between 30 and 300 mg/g
indicate microalbuminuria, and values greater than 300 mg/g
indicate macroalbuminuria (or overt proteinuria). Patients
with type 2 diabetes should be tested annually for microalbu-
minuria from the time of diagnosis, and patients with type 1
diabetes should begin annual testing 5 years after diagnosis.
Persistent microalbuminuria suggests not only that a patient
is at significantly increased risk of developing overt diabetic
nephropathy in the future, but also that the risk of future car-
diovascular disease is at least four times higher than that of
age- and gender-matched patients with no microalbuminuria.
Vigorous exercise, menstruation, illness, and acute hyper-
glycemia can cause false elevations in the urine albumin-crea-
tinine ratio.

For more information on diabetic nephropathy, see
MKSAP 16 Nephrology.

Diabetic Neuropathy
Nerve cells (sensory, motor, and autonomic) are vulnerable to
damage from chronic hyperglycemia, and clinical manifesta-
tions of neuropathy tend to appear as a later complication of
diabetes, particularly diabetes that is not optimally controlled.
Also, an acute distal symmetric diabetic neuropathy may
occur after an episode of severe hyperglycemia and cause seg-
mental demyelination in a stocking-glove distribution.
Peripheral diabetic neuropathy results in sharp, stabbing, or
burning pain in the toes, feet, lower legs, and hands. Patients
also may feel discomfort when the skin is touched (dysesthe-
sia) and a heaviness and clumsiness in their feet and legs.
Symptoms often are worse at night. Immediate relief often is
obtained by topical application of capsaicin cream and rela-
tively low oral doses of tricyclic antidepressants or partial sero-
tonin and norepinephrine reuptake inhibitors. If this
approach does not relieve symptoms, adding an antseizure
medication (gabapentin, pregabalin, carbamazepine, or
phenytoin) may help, but opiates should be avoided. Patients
also should be encouraged to try to reduce their hemoglobin
A, levels to less than 7.0%, which may help remyelinate the
nerves and reverse the neuropathy.

Acute ocular or truncal mononeuropathies can occur.
No specific treatment for these mononeuropathies is effective,
but they usually resolve spontaneously over a few months.
Diabetic amyotrophy should be considered in patients with
recently diagnosed or well-controlled diabetes who develop
acute proximal leg pain or weakness and weight loss. The
nerves of patients with diabetes are more vulnerable to
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entrapment neuropathies, including carpal tunnel syndrome
or meralgia paresthetica.

The combination of nerve damage and impaired periph-
cral vascular circulation places patients with chronic diabetic
neuropathy at high risk for foot ulcers and amputations. All
patients with diabetes should have their feet examined at least
annually to assess for decreased sensation and detect uleers,
calluses, foot deformities, pain, abnormal pressure sensation,
and peripheral pulses. These patients should be strongly
encouraged to inspect their feet daily and seek help at the ear-
liest signs of ulceration or infection. Charcot foot deformity
may develop over time in patients with seemingly minor foot
trauma, axonal loss, and small muscle atrophy.

Damage to autonomic nerves elsewhere in the body can
present as erectile dysfunction (present in 50% of men with
diabetes who are older than 50 years), gastroparesis (sce
MKSAP 16 Gastroenterology and Hepatology ), chronic diar-
rhea or constipation, orthostatic hypotension, resting sinus
tachycardia, postprandial hypotension, abnormal hidrosis,
and neurogenic bladder. Patients with manifestations of car-
diovascular neuropathy are at increased risk of sudden cardiac
death, and thus cardiac risk reduction should be strongly
encouraged.

For more information on diabetic neuropathy, see
MKSAP 16 Neurology.

® All patients with diabetes should have their feet
examined at least annually to assess for decreased sen-
sation and detect ulcers, calluses, foot deformities,
pain, abnormal pressure sensation, and peripheral
pulses.

Hypoglycemia in Patients
Without Diabetes

Hypoglycemia is rare in persons without diabetes because the
healthy body has robust mechanisms for maintaining glucose
homeostasis. As the plasma glucose falls to less than the nor-
mal range, the pancreatic islet cells turn off insulin secretion
and hepatic glycogenolysis supplies glucose to maintain the
plasma glucose level above 70 mg/dL (3.9 mmol /L). When
this level is less than 70 mg,/dL (3.9 mmol /L), glucagon and
epinephrine secretion increases, and when it is less than 60
mg/dL (3.3 mmol /L), cortisol and growth hormone secre-
tion increases, When hepatic glycogen stores are exhausted
(in approximately 8 hours), hepatic gluconeogenesis becomes
the sole source of glucose production. Hypoglycemia can
occur when hepatic glycogen stores are depleted as a result of
extreme starvation, sepsis, or hepatic dysfunction; when alco-
hol ingestion suppresses hepatic glucose production; and
when cortisol is deficient (as in untreated Addison discase and
adrenocorticotropic hormone deficiency [secondary gluco-
corticoid deficiency]).



In apparently healthy persons without diabetes, hypo-
glycemic symptoms usually occur either in the fasting or post-
prandial state.

Fasting Hypoglycemia

When hypoglycemic symptoms occur in the fasting state or at
least not in the immediate postprandial period, the differen-
tial diagnosis includes the presence of an insulin-secreting
tumor (insulinoma), which is exceedingly rare; the surrepti-
tious injection of insulin; or the ingestion of a sulfonylurea or
meglitinide (sec Table 7). Because symptoms of hypo-
glycemia are nonspecific and can be caused by anxiety or
stress, one must document that the plasma glucose level is
actually low at the times when symptoms are experienced.
Therefore, hypoglycemia is best diagnosed when three con-
ditions coexist (Whipple triad): (1) hypoglycemic symptoms
are present, (2) a low plasma glucose level is documented by
a laboratory (because self-blood glucose monitors may be
unreliable at low glucose levels), and (3) prompt resolution of
symptoms occurs after glucose ingestion. When Whipple triad
is observed, further evaluation for the cause of pathologic
hypoglycemia should include an inpatient 72-hour fast with
regular measurement of simultancous plasma glucose, proin-
sulin, insulin, C-peptide (a measure of endogenous insulin
secretion), B-hydroxybutyrate (a ketone body produced in
the absence of insulin), and sulfonylurea levels (to rule out
surreptitious ingestion) (Table 11). If the results are consis-
tent with insulinoma, only then should CT imaging of the
pancreas be performed to localize the tumor and direct its
surgical resection by an endocrine surgeon. Because insulino-
mas are often small, further testing (with, for example, endo-
scopic ultrasonography) may be necessary for localization. If
the results indicate exogenous injection of insulin or surrep-
titious ingestion of sulfonylureas, a psychiatric evaluation may
be appropriate, especially in patients with a history of a mood
or psychiatric disorder.

Postprandial Hypoglycemia

The occurrence of true postprandial hypoglycemia among
persons without diabetes who have no history of gastric
bypass surgery is extremely uncommon although frequently

TABLE 11.

Disorders of the Pituitary Gland

misdiagnosed. A patient may report feeling sleepy, shaky, or
weak 1 to 3 hours after a large meal rich in simple carbohy-
drates, and a tentative diagnosis of hypoglycemia may be
made. Using an oral glucose tolerance test to confirm the
diagnosis should be avoided because of the high incidence of
hypoglycemia in healthy persons given a 75-g glucose load.
A better way to establish the diagnosis is to observe the
patient and measure the plasma glucose level when symptoms
occur. Most of the time, cuglycemia will be detected.
Whether or not symptoms are due to hypoglycemia, the best
treatment is to recommend smaller and more frequent meals.

Disorders of the Pituitary
Gland

Hypothalamic Disease

The hypothalamus produces multiple hormones that control
pituitary function, especially anterior pituitary gland function.
These include corticotropin-releasing hormone, which stim-
ulates the release of adrenocorticotropic hormone (ACTH);
gonadotropin-releasing hormone (GnRH), which stimulates
the release of luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH); thyrotropin-releasing hormone,
which stimulates the release of thyroid-stimulating hormone
(TSH); and growth hormone (GH )-releasing hormone,
which stimulates the release of GH. These hormones travel
from the hypothalamus through the pituitary stalk and are
then released into the pituitary gland. Pathologic disruption
of the pituitary stalk may disrupt the flow of these hypothal-
amic hormones and thus cause a decrease in hormone secre-
tion, which leads to a reduction in pituitary gland function.
An exception to this process occurs with the hormone pro-
lactin, an anterior pituitary gland hormone under the tonic
inhibitory control of dopamine released from the pituitary
stalk; disruption of dopamine delivery from the pituitary stalk
causes the prolactin level to increase.

The posterior pituitary gland consists mainly of neuronal
axons that extend from the supraoptic and paraventricular

Differential Diagnosis of Spontaneous Fasting Hypoglycemia in a Person Without Diabetes

| Diagnosis Plasma Glucose Serum Insulin Plasma C-Peptide Urine or Blood
3 Level Level Level Metabolites
‘ of Sulfonylureas
1 or Meglitinides
‘ Insulinoma l T i Negative
| Surreptitious use
| of sulfonylureas
or meglitinides d, T T Positive
| Surreptitious use J\
L of insulin l T 1 Negative l
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Disorders of the Pituitary Gland

nuclei of the hypothalamus through the stalk. The two major
hormones associated with the posterior pituitary gland are
antidiuretic hormone and oxytocin.

Most causes of hypothalamic disorders are acquired,
although rare genetic causes of hypothalamic dysfunction
exist. Causes of acquired hypothalamic discase include trauma
due to brain injury, neurosurgery, or cranial irradiation; infil-
trative discases, including sarcoidosis, Langerhans cell histio-
cytosis, lymphoma, and metastatic cancer (most commonly
from breast and lung cancer); and compression by pituitary
tumors with suprasellar extension, particularly tumors with a
cystic composition or (rarely) associated with cancer.
Acquired hypothalamic structural diseases (such as cranio-
pharyngioma) present with signs and symptoms related to the
anatomic location of the lesion and the rapidity of the increase
in lesion size. Besides its role in pituitary function, the hypo-
thalamus is involved in the regulation of various behaviors and
functions, such as satiety and body temperature.
Hypothalamic dysfunction may lead to excessive cating,
profound hypothermia, hypersexuality, or somnolence.
Hypothalamic lesions also often cause central diabetes
insipidus by disrupting antidiuretic hormone production.

KEY POINT

¢ Hypothalamic lesions often cause diabetes insipidus
by disrupting antidiuretic hormone production.

Hypopituitarism

Causes and General Management

Hypopituitarism results from disorders of the pituitary gland
or hypothalamus that lead to decreased secretion of pituitary
gland hormones (Table 12). Pituitary tumors and their treat-
ment (surgery and radiation therapy) are the most common
causes of hypopituitarism in adults (>75%), followed by extra-
pituitary lesions (<15%), such as a craniopharyngioma or

TABLE 12. Acquired Causes of Hypopituitarism

‘ Tumors (pituitary adenomas, craniopharyngiomas,
. dysgerminomas, meningiomas, gliomas, metastatic tumors,
' Rathke cleft cysts)

Irradiation
‘ Trauma (neurosurgery, external blunt trauma)

Infiltrative disease (sarcoidosis, Langerhans cell histiocytosis,
tuberculosis)

i Empty sella syndrome

| Vascular (apoplexy, Sheehan syndrome, subarachnoid
. hemorrhage)

} Lymphocytic hypophysitis |

' Metabolic causes (hemochromatosis, critical illness,
malnutrition, anorexia nervosa, psychosocial deprivation)

Idiopathic causes
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Rathke cleft cyst. Other mass lesions that can lead to hypopi-
tuitarism include nonpituitary neoplasms (such as germinoma
and meningioma), metastatic cancers, Langerhans cell histio-
cytosis, and lymphocytic hypophysitis (an autoimmune disor-
der characterized by symmetric enlargement of the sellar con-
tents that occurs mostly during or after pregnancy and is
commonly associated with ACTH deficiency). The presence
of a sellar mass in the setting of diabetes insipidus suggests the
presence of a lesion of nonpituitary origin. Neurosurgical
removal or debulking of the tumor may reduce the pressure
on the pituitary gland and thus result in improved pituitary
function. However, neurosurgery performed on the pituitary
gland also may result in resection of normal gland, which can
lead to hypopituitarism.

Pituitary tumor apoplexy, which denotes hemorrhagic
infarction of the tumor, causes sudden onset of headache,
possible diplopia (from compression of cranial nerves within
the cavernous sinus[es]), and acute hypopituitarism.
Pituitary tumor apoplexy is a neurosurgical emergency. In
addition to neurosurgical decompression of the pituitary
gland, urgent replacement of glucocorticoids may be neces-
sary because of acute ACTH deficiency. Replacement of thy-
roid hormone, sex hormones, and GH is typically not
urgent but may be necessary. Shechan syndrome in preg-
nancy involves pituitary gland infarction in the setting of
severe blood loss and hypotension at delivery and presents
with subacute, progressive hypopituitarism, an inability to
lactate because of prolactin deficiency, and amenorrhea.
Central adrenal insufficiency is the primary cause of mortal-
ity in Sheehan syndrome. [

Cranial irradiation causes progressive hypopituitarism in
approximately 40% of patents. Some degree of hypopitu-
itarism also has been reported in approximately 25% of
patients after severe traumatic brain injury, ischemic stroke,
and subarachnoid hemorrhage. Hormonal deficiencies are
typically noted acutely, although rarely they may be detected
more than 1 year after injury. The more severe the injury, the
more likely are hormone deficiencies. GH deficiency is the
most commonly noted, is usually seen together with at least
one other pituitary deficiency, and has been associated with
reduced quality of life after injury.

Infiltrative lesions that can lead to hypopituitarism
include hemochromatosis, lymphocytic hypophysitis, and
granulomatous discases (such as sarcoidosis). Hypo-
pituitarism is managed with replacement of the hormones
secreted directly from the pituitary gland (GH or vasopressin)
or those normally secreted under pituitary control (hydro-
cortisone, levothyroxine, testosterone, or estrogen-proges-
terone), with adjustment of daily replacement doses deter-
mined clinically by whether the hormone has been over- or
underreplaced (Table 13). Because ACTH deficiency can be
life threatening in light of the associated cortisol deficiency,
the hypothalamic-pituitary-adrenal axis should be assessed
acutely in patients in whom hypopituitarism is suspected.
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TABLE 13. Hormonal Replacement Therapy in Hypopituitarism

Disorders of the Pituitary Gland

Hormone Deficiency

Therapeutic Replacement Regimen

|
\ TSH Levothyroxine, 50-200 mg/d; adjust by measuring free T, levels; obtaining TSH levels is not

‘ ACTH
i

| LH/FSH
l Men

|
‘ Women
|

Stress dosing for hydrocortisone, 50-100 mg IV every 8 hours.

indicated because these levels are uninterpretable in patients known to be TSH deficient. |

Hydrocortisone, 10-20 mg in Am and 5-10 mg in pm or prednisone, 2.5-5 mg in Aam and
2.5 mg in pm; adjust clinically.

Testosterone: 1% gel, 1-2 packets (5-10 g) or 1.62% gel, 2-4 pumps (40.5-81 mg) daily; i
transdermal patch, 5 g daily; or testosterone enanthate or cypionate, 50-300 mg IM every 1- |
4 weeks. Adjust by measuring testosterone levels. Will need injectable gonadotropins (LH,
FSH) or GnRH for spermatogenesis (if fertility is desired).

Cyclic conjugated estrogens (0.3-0.625 mg) and medroxyprogesterone acetate (5-10 mq) or [
low-dose oral contraceptive pills. Estrogen patches also available. Will need injectable
gonadotropins (LH, FSH) if fertility is desired.

| GH Adults start at 200-300 pg subcutaneously daily and increment by 100-200 pg at bimonthly !

| intervals. Adjust to maintain IGF-1 levels in the midnormal range. Women receiving oral
‘ estrogens require higher doses. [

' Vasopressin

Desmopressin: metered nasal spray, 10-20 pg once or twice daily; or tablets, 0.1-0.4 mg
\ every 8-12 h; or injected, 1-2 ug subcutaneously or IV, every 6-12 h

KEY POINTS

e Pituitary tumors and their treatment are the most
common causes of hypopituitarism in adults; neuro-
surgical removal or debulking of these tumors may
reduce the pressure on the pituitary gland and resule
in improved pituitary function.

e Urgent glucocorticoid replacement is necessary in
patients with pituitary tumor apoplexy.

Growth Hormone Deficiency

GH deficiency in adults may reflect cither persistence of child-
hood-onset discase or newly acquired disease and typically
occurs with other pituitary deficiencies. In children, GH defi-
ciency causes short stature. In adults, however, acquired GH
deficiency causes reduced lean muscle mass and increased far
mass, reduced strength and stamina, decreased bone mineral
density, an increased cardiovascular risk profile, and a
decreased quality of life. Adult-onset GH deficiency is the
most common pituitary deficiency associated with a structural
sellar or suprasellar lesion that has been treated with neuro-
surgical intervention and /or cranial irradiation.

Biochemical testing includes demonstration of a low
serum insulin-like growth factor 1 (IGF-1) level and a test
for GH reserve based on a stimulation test that uses insulin
(to induce hypoglycemia), glucagon, arginine, or GH-
releasing hormone. GH replacement therapy should be
considered in patients with other pituitary deficiencies and
in those with unequivocal evidence of deficiency, with result-
ant benefits in lean body and fat mass, improvement in lipid
profiles, and improvement in the sense of well being,.

ACTH = adrenocorticotropic hormone; FSH = follicle-stimulating harmone; GH = growth hormone; GnRH = gonadotropin-releasing hormone; IGF-1 = insulin-like growth factor 1; IM = intra-
muscularly; IV = intravenously; LH = luteinizing hormone; jig = microgram(s); T, = thyroxine; TSH = thyroid-stimulating hormone

Isolated idiopathic adult-onset GH deficiency is rare, and
the utility of replacing GH in adults with idiopathic GH
deficiency is debatable given the lack of robust data showing
that treatment results in resolution of ill effects. Because of
this uncertainty, consultation with an endocrinologist is
appropriate if treatment is being considered.

* Adult-onset growth hormone (GH) deficiency is the
most common pituitary deficiency associated with a
structural sellar or suprasellar lesion that has been
treated with neurosurgical intervention and/or cra-
nial irradiation; isolated idiopathic adult-onset GH
deficiency is rare.

Gonadotropin Deficiency

In hypogonadotropic hypogonadism, the pituitary gland
produces less LH and FSH, which lecads to hypogonadism
(reduced estrogen production and ovulatory capacity by the
ovary or diminished testosterone secretion and spermatoge-
nesis by the testis). Clinical features of hypogonadotropic
hypogonadism include amenorrhea, breast atrophy, vaginal
dryness, and diminished libido in women and decreased
libido, erectile dystunction, loss of skeletal muscle mass, and
ancmia in men. Acquired hypogonadotropic hypogonadism
in women commonly results from weight loss, severe dietary
restriction, anorexia nervosa, stress, heavy exercise, or severe
illness, although it also may be idiopathic. MRI or CT is rec-
ommended in patients with hypogonadotropic hypogo-
nadism to rule out structural disease. In both sexes, loss of
gonadal hormones can lead to loss of bone density. Of note,
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Disorders of the Pituitary Gland

hyperprolactinemia can suppress GnRH sccretion and also
lead to hypogonadotropic hypogonadism.

Features, diagnosis, and treatment of hypogonadism is
addressed in Reproductive Disorders.

Adrenocorticotropic Hormone Deficiency
ACTH deficiency causes hypocortisolism, and low or normal
ACTH levels are scen in the presence of a low measured cor-
tisol level, in contrast to the elevated ACTH values seen in
primary adrenal insufficiency. Whereas patients with primary
adrenal insufficiency have increased skin pigmentation due to
clevated ACTH levels, patents with ACTH deficiency do
not. Symptoms of nausea, vomiting, malaise, weakness, dizzi-
ness, fatigue, fever, and hypotension can occur with ACTH
deficiency, although often subacutely, with malaise and weak-
ness being most prominent. In ACTH deficiency, adrenal
production of mineralocorticoids and potassium homeostasis
remain intact because the hypothalamic-pituitary-adrenal axis
is controlled separately by the renin-angiotensin system. This
contrasts with the frequent finding of hyperkalemia in pri-
mary adrenal insufficiency. The presentation of ACTH defi-
ciency may be variable, and some patients may be asympto-
matic, but affected patients typically exhibit symptoms of
hypocortisolemia during physiologically stressful events, such
as surgery or sepsis. Details regarding symptoms, diagnosis,
and therapy of primary and secondary adrenal insufficiency
are provided in Disorders of the Adrenal Gland.

The most common cause of ACTH deficiency is sup-
pression of corticotropin-releasing hormone and ACTH
secretion by exogenous corticosteroids for longer than 2 to 3
weeks. Similarly, megestrol acetate, which is used for appetite
stimulation in cachetic patients with cancer or AIDS, has
some glucocorticoid activity and can suppress ACTH secre-
tion. Although patients who take megestrol acetate do not
usually show clinical evidence of hypercortisolism (Cushing
syndrome), patients should be monitored for hypocorti-
solism after the drug is discontinued.

When not due to medication, ACTH deficiency fre-
quently is detected in combination with the loss of other pitu-
itary hormones.

Thyroid-Stimulating Hormone Deficiency

In central hypothyroidism, TSH deficiency leads to reduced
secretion of thyroxine (T,), and thus a measurement of the
patient’s serum T, level is necessary to establish the diagno-
sis. The signs and symptoms of central hypothyroidism are
similar to those of primary hypothyroidism, namely, fatigue,
weight gain, cold intolerance, and constipation. In contrast to
the elevated TSH level seen in primary hypothyroidism,
TSH deficiency is associated with a low free T, level and an
inappropriately normal or low TSH level. This distinction is
important because a normal TSH level may be associated
with significant hypothyroidism in a patient with central
hypothyroidism and TSH deficiency. Acquired central
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hypothyroidism usually is associated with deficiencies of other
pituitary hormones. Because both serum free T, and TSH
levels can be low in central hypothyroidism, distinguishing
between central hypothyroidism and the euthyroid sick syn-
drome may be difficult in patients with severe illness or star-
vation. Generally, those with cuthyroid sick syndrome have
clevated levels of reverse triiodothyronine (T ), unlike those
with central hypothyroidism.

Thyroid hormone dosing in patients with central
hypothyroidism should be adjusted on the basis of clinical
symptoms to maintain free T, levels within the midnormal
reference range, unless doing so causes iatrogenic hyperthy-
roidism or hypothyroidism. TSH levels cannot be used as a
measure of adequacy of replacement in these patients as they
can in patients with an intact hypothalamic-pituitary axis.

Diabetes Insipidus

Diabetes insipidus is characterized by excessive urination due
to a deficiency of antidiuretic hormone (also known as argi-
nine vasopressin [AVP]) secretion, as in central diabetes
insipidus, or a defect in AVP’s ability to act on the kidney, as
in nephrogenic diabetes insipidus. In either situation, the kid-
ney does not concentrate urine, which results in excretion of
dilute urine relative to plasma. The resultant increase in plasma
osmolality leads to both polydipsia through stimulation of
central osmoreceptors and polyuria because of the inability to
retain free water and concentrate the urine. If patients have an
adequate thirst mechanism and access to water, the serum
sodium level should remain normal to high normal, although
accompanied by significant polyuria and polydipsia. In partial
central diabetes insipidus, the patient is largely asymptomatic
because of adequate compensation through an intact thirst
mechanism and ready access to water. However, with a stres-
sor—such as water deprivation, a central nervous system event
that alters the set point for stimulation of thirst, or pregnancy
with degradation of AVP caused by placental vasopressinase—
diabetes insipidus may become clinically apparent.

Causes of central diabetes insipidus include rare familial syn-
dromes. In acquired cases, causes are usually mass lesions (neo-
plasms, such as craniopharyngioma, germinoma, and metastatic
cancer), trauma (neurosurgery or traumatic brain injury), and
infiltrative disorders (sarcoidosis or Langerhans cell histocytosis)
that compromise hypothalamic function. Transient central dia-
betes insipidus commonly occurs immediately after pituitary sur-
gery but may resolve rapidly after the procedure.

As with polyuria, the differential diagnosis of central dia-
betes insipidus includes primary polydipsia due to a psychi-
atric disorder, medications (such as phenothiazines that cause
dry mouth), or hypothalamic lesions that affect the thirst cen-
ter (such as sarcoidosis); osmotic diuresis, as in uncontrolled
diabetes mellitus and postobstructive diuresis; and hypercal-
cemia. A serum chemistry panel should be obrained to rule
out osmotic causes. If the baseline serum sodium level is high
normal or elevated, particularly if the urine osmolality is lower



than the plasma osmolality, then diabetes insipidus is likely. If
the baseline serum sodium level is less than 136 meq,/L [136
mmol/L]) and urine osmolality is high, then diabetes
insipidus is unlikely. (In fact, the syndrome of inappropriate
antidiuretic hormone secretion is likely present.) If the base-
line serum sodium level is within the normal range, a water
deprivation test should be performed to differentiate diabetes
insipidus from primary polydipsia.

In a water deprivation test, the serum sodium level and
plasma osmolality are measured every 2 hours, and the urine
volume, urine osmolality, and body weight are measured every
hour. The test is finished when (1) the urine osmolality is
greater than 600 mosm,/kg H,O (appropriately concentrated),
(2) urine osmolality fails to concentrate for 2 consecutive
hours, (3) plasma osmolality is greater than 295 mosm/kg
H,0, (4) serum sodium level is greater than 145 meq/L (145
mmol/L), or (5) the patient has lost greater than 5% body
weight. The patient is then given desmopressin acetate. If any
of the five parameters are met before the test begins, the water
deprivation test is not recommended, and desmopressin can be
administered first, followed by measurement of urine volume
and osmolality every 30 minutes for 2 hours. During water
deprivation and before desmopressin administration, healthy
persons will increase their urine osmolality to greater than 800
mosm/kg H,O, but those with diabetes insipidus will not
increase theirs above 300 mosm/kg H,O. In response to
desmopressin, patients with central diabetes insipidus will
increase their urine osmolality by at least 50%, but those with
nephrogenic diabetes insipidus will not respond appreciably.

Treatment of central diabetes insipidus includes desmo-
pressin—administered orally, by a metered nasal spray, or (if
needed) by subcutancous or intravenous injection—and the
instruction to drink until no longer thirsty. Water intoxication
can be avoided as long as the patient drinks only when thirsty.
In the unconscious patient or someone whose thirst mecha-
nisms are not operative, extreme care must be exerted to
avoid undertreatment and overtreatment. Accurate determi-
nation of daily body weight, fixed dosages of fluid intake, and
frequent monitoring of the serum sodium level are necessary.

KEY POINTS

* In the presence of polyuria, diabetes insipidus is likely
if the baseline serum sodium level is high normal or
clearly elevated, particularly when the urine osmolal-
ity is lower than the plasma osmolality.

e If the baseline serum sodium level is within the nor-
mal range in the setting of polyuria, a water depriva-
tion test should be performed to differentiate dia-
betes insipidus from primary polydipsia.

Pituitary Tumors

Pituitary tumors (adenomas) arise from monoclonal neo-
plasms of the cells comprising the pituitary gland, including

Disorders of the Pituitary Gland

somatotrophs (GH), corticotrophs (ACTH), gonadotrophs
(LH and FSH), lactotrophs (prolactin), and thyrotrophs
(TSH). These tumors also are defined by size, with microade-
nomas being less than 10 mm in diameter and macroadeno-
mas being 10 mm in diameter or greater. The most common
pituitary tumor is a nonfunctioning adenoma; the most com-
mon functional pituitary tumor is a prolactinoma. Most pitu-
itary adenomas are sporadic, although some (<5%) occur as
part of the familial multiple endocrine neoplasia type 1 syn-
drome, which is associated with endocrine tumors of the pitu-
itary gland, parathyroid glands, and pancreas (the three
“Ps™). Although most pituitary adenomas are benign, they
can be locally invasive and lead to significant compressive
symptoms because of their proximity to adjacent critical struc-
tures, such as the optic chiasm. Pituitary tumors, therefore,
can lead to local problems (such as visual field deficits and
headaches) and also have systemic effects due to hormone
hypersecretion or compression of the normal gland with
resultant hypopituitarism.

Approach to a Sellar Mass

A scllar mass may be detected incidentally, for example dur-
ing the evaluadon of trauma, headache, sinusitis, or another
disorder. If the lesion is detected on a CT scan, then MRI
should be performed because an MRI provides better
anatomic definition. After it is detected, the scllar mass
should be characterized further by determining if hormone
hypersecretion is present. Additonally, the serum prolactin
level should be determined in all patients with a sellar mass to
exclude a prolactinoma. If the history or physical examination
is suggestive of cither acromegaly or Cushing syndrome, the
appropriate biochemical test should be performed. If the eval-
uation shows no evidence of pituitary hypersecretion, the
lesion is either a clinically nonfunctioning adenoma or a non-
pituitary lesion. Further evaluation for local mass eftects, such
as the presence of visual field compromise or hypopituitarism
due to compression of the optic chiasm or normal pituitary
gland, respectively, should then be performed, particularly in
the setting of a macroadenoma. Therapy is warranted if the
lesion is functional (such as a hormone-secreting adenoma) or
if hypopituitarism or other local mass effects are found. If the
lesion is nonfunctional and no accompanying mass cffects are
detected, serial follow-up evaluation is advised.

Mass Effects of Pituitary Tumors

Because the clinical manifestation of pituitary tumors is often
insidious and slow in onset, these tumors are often large when
detected. As a result, these enlarging tumors can cause mass
effects on local structures. Macroadenomas with suprasellar
extension compressing the optic chiasm can cause visual field
defects, including bitemporal hemianopia, and invasion of the
cavernous sinus area can result in cranial nerve palsies, with
manifestations such as diplopia. Headaches are frequently
described, and the sudden explosive onset of headache suggests
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possible hemorrhagic infarction of the tumor (apoplexy).
Compression of the adjacent normal pituitary gland can cause
hypopituitarism. Notably, diabetes insipidus is rarely caused by
pituitary tumors and should instead raise the suspicion of a
nonpituitary lesion, such as a cystic tumor (craniopharyngioma
or Rathke cleft cyst) or a metastatic neoplasm.

Treatment of Pituitary Tumors

The goals of treating pituitary tumors are to remove or reduce
the tumor mass (to decompress the local mass effects), correct
pituitary hormone hypersecretion, maintain normal pituitary
gland function, and prevent recurrence. Surgery is first-line
therapy for macroadenomas and hypersecretory pituitary
tumors, except prolactinomas. The neurosurgical approach is
primarily transsphenoidal by way of an endonasal route. In
experienced hands, transsphenoidal surgery is extremely safe.
Permanent hypopituitarism, significant hemorrhage, and optic
nerve injury occur in less than 5% of patients.

Radiation therapy is used primarily as adjuvant treatment
for patients with residual disease or continued hormone hyper-
secretion after surgery. Irradiation is used as primary therapy
only for patients who cannot undergo surgery. Because of the
prolonged time needed to normalize hypersecretory states and
shrink tumors, which often do not change in size after irradia-
tion, surgery is preferred. Conventonal, fractionated radiation
therapy may take as long as 6 weeks. In contrast, stereotactic
radiosurgery, intensity-modulated radiation therapy, and pro-
ton beam therapy may take only one or a few sessions and may
be preferable from the standpoint of convenience.
Complications of radiation therapy include long-term hypopi-
tuitarism in approximately 40% of treated patients and sec-
ondary neoplasms in approximately 1.5%.

Medical therapy is generally used adjuvantly after unsuc-
cessful surgery, except with prolactinomas for which
dopamine agonist therapy is first-line treatment.

KEY POINTS

® Surgery is first-line therapy for macroadenomas and
hypersecretory pituitary tumors, except prolactino-
mas for which medical therapy with a dopamine ago-
nist is preferred.

® Radiadon therapy is used primarily as adjuvant treat-
ment for patients with residual disease after pituitary
tumor removal or continued hormone hypersecretion
after surgery and as primary therapy for patients who
cannot undergo surgery.

Hyperprolactinemia and
Prolactinomas

Causes
Prolactin is secreted by the pituitary lactotroph cells under
tonic inhibition by dopamine. This hormone is secreted in
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a pulsatile fashion, with the highest mean levels produced
during sleep. Physiologic causes of hyperprolactinemia
include pregnancy, nipple stimulation, exercise, and food
intake. Therefore, in a woman with modest hyperpro-
lactinemia, pregnancy should first be excluded, and the
prolactin test should be repeated in a fasting state, with no
strenuous exercise before testing. A routine breast exami-
nation usually does not raise serum prolactin levels enough
to cause concern.

The most common cause of hyperprolactinemia is a
prolactinoma, which is a benign adenoma. Micropro-
lactinomas are less than 10 mm in diameter, and macro-
prolactinomas are 10 mm or greater in diameter. Although
prolactinomas are the most common type of secretory pitu-
itary adenoma (25%-40%), not all patients with hyperpro-
lactinemia have prolactinomas (Table 14). Hyperpro-
lactinemia is present in hypothyroidism, liver disease, and
kidney failure, with a serum creatinine level typically less
than 2 mg/dL (177 micromoles/L).

Many medications increase prolactin secretion by block-
ing dopamine release or action. This occurs most commonly
with antipsychotic medications (including haloperidol,
risperidone, and other antidopaminergic drugs), opiates, gas-
tric motility drugs (metoclopramide and domperidone), and
the calcium channel blocker verapamil. Estrogens increase
prolactin secretion in a dose-response fashion, but the usual
estrogen dose in oral contraceptives rarely causes sympto-
matic hyperprolactinemia.

Any hypothalamic or sellar mass that impinges on the
pituitary stalk and disrupts dopamine flow can increase serum
prolactin levels. Because serum prolactin levels correspond to
prolactinoma size, the presence of a large sellar or suprasellar
mass with only a modest increase in serum prolactin level
(<150 ng/mL [150 micrograms/L]) usually indicates a cause
other than a prolactinoma. Smaller prolactinomas also can
result in a modest elevation of prolactin levels.

A patient with hyperprolactinemia without a clear sec-
ondary or drug-induced cause should be assessed by an imag-
ing study (preferably, MRI of the pituitary gland) to exclude
a mass lesion.

KEY POINT

® The most common cause of hyperprolactinemia is a
prolactinoma.

Clinical Features and Therapy of
Hyperprolactinemia and Prolactinomas
Common signs and symptoms of hyperprolactinemia
include galactorrhea, oligomenorrhea, amenorrhea, and hir-
sutism in premenopausal women; erectile dysfunction in
men; and decreased libido, infertility, headache, and
ostecopenia in both sexes. The presence of an underlying sel-
lar, suprasellar, or hypothalamic mass may cause headache
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TABLE 14. Causes of Hyperprolactinemia

| cause Result

|
|

Pituitary disease Prolactinomas

Nonpituitary sellar and
parasellar lesions

Craniopharyngioma

l Metastatic tumors to pituitary/hypothalamus

Meningiomas
Dysgerminomas
Irradiation

[
Neurogenic
Breast stimulation/lesions
1

Drugs Psychotropic agents (butyrophenones and phenothiazines, monoamine oxidase inhibitors, tricyclic |
antidepressants, fluoxetine, molindone, risperidone, cocaine)

Antihypertensive agents (verapamil, methyldopa, reserpine)

Metoclopramide

Other Pregnancy

Hypothyroidism
Chronic kidney failure
Cirrhosis
Macroprolactinoma
Idiopathic

Adrenal insufficiency

| Ectopic secretion

Growth hormone-secreting tumors (cosecretion of prolactin or pituitary stalk effects)
Nonfunctioning pituitary tumors (pituitary stalk effects)

| Lymphocytic hypophysitis (pituitary stalk effects)

Empty sella syndrome (pituitary stalk effects)

Cushing disease (cosecretion of prolactin or pituitary stalk effects)

‘ Hypothalamic disease (sarcoidosis, Langerhans cell histiocytosis, lymphoma)

Chest wall or spinal cord disease

(Estrogen in conventionally used doses does not cause hyperprolactinemia.)

Physiologic cause (coitus, nipple stimulation, strenuous exercise, stress)

and mass effects, including peripheral visual field loss and
ophthalmoplegia.

The indications to treat hyperprolactinemia in women
include estrogen deficiency (in a premenopausal patient with
amenorrhea and oligomenorrhea), infertility, bothersome
galactorrhea, and hirsutism. In men, indications to treat
include symptomatic testosterone deficiency, with symptoms
such as erectile dysfunction, reduced libido, or gynecomas-
tia. Headache, mass effects in patients with underlying sellar
and suprasellar lesions, and ostecopenia and osteoporosis duc
to gonadal insufficiency are indications to treat in both men
and women.

When treatment is necessary, medical therapy with a
dopamine agonist is the treatment of choice for most symp-
tomatic patients (Table 15). A dopamine agonist can cause
a rapid decrease in the serum prolactin level and shrinkage
of the prolactinoma. More specifically, in as many as 90% of

patients, it can normalize prolactin levels, reverse hypogo-
nadism, and shrink tumors by at least 50%. Because of these
rapid decreases in tumor size, dopamine agonists can be
used as first-line therapy, even in patients with mild visual
ficld defects, as long as visual acuity is not threatened by
rapid progression of the tumor or recent tumor hemor-
rhage. Secondary causes of hyperprolactinemia must first be
excluded because treatment of underlying conditions, such
as hypothyroidism, should normalize the serum prolactin
level. In patients with drug-induced hyperprolactinemia
(prolactin levels rarely >200 ng,/mL [200 micrograms/L]),
especially those with psychiatric disorders, a change to a dif-
ferent medication is preferable but not always advisable, and
dopamine agonists may be contraindicated because of
reported worsening of psychiatric disease. When dopamine
agonists are used in this setting, close consultation with
the patient’s psychiatrist is warranted. In women with
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TABLE 15. Medical Therapies for Pituitary Adenomas

Type of Pituitary Adenoma

Medication \

Prolactinoma

Adenomas causing acromegaly

Adenomas causing Cushing disease

TSH-secreting adenomas

Nonfunctioning adenomas

Cabergoline

|
Bromocriptine ‘
Somatostatin analogues (octreotide, lanreotide) |
Cabergoline |
Pegvisomant i
Ketoconazole
Mifepristone
Cabergoline
Mitotane
Etomidate (parenteral)
Somatostatin analogues (octreotide, lanreotide)
Cabergoline

Somatostatin analogues (octreotide, lanreotide)

TSH = thyroid-stimulating hormone.

prolactinomas who do not desire pregnancy, estrogen defi-
ciency may be treated by estrogen replacement (in the form
of an oral contraceptive, for example) alone to maintain
normal vaginal health and bone mass. Although estrogen
replacement may result in a modest increase in the serum
prolactin level, the dose of estrogens used in most oral con-
traceptives poses little risk of prolactinoma enlargement,
Nevertheless, the serum prolactin level should be moni-
tored in these women.

Bromocriptine and cabergoline are the two oral
dopamine agonists available in the United States to treat pro-
lactin disorders: Bromocriptine is administered daily, and
cabergoline is administered once or twice weekly. Although
the more expensive drug, cabergoline is associated with more
tumor shrinkage and normalization of prolactin levels and
generally is better tolerated than bromocriptine. Adverse
cffects of dopamine agonists include gastrointestinal upset,
nasal congestion, headache, and dizziness. Some studies have
associated cabergoline with cardiac valve abnormalities, pri-
marily in patients with Parkinson disease for which the caber-
goline dosage is much higher than that used for prolactin dis-
orders. Most subsequent studies have not shown a definitive
connection between cabergoline use and cardiac valvular dis-
case in prolactinoma management.

Permanent withdrawal of the dopamine agonist can be
considered in some patients. The current reccommendation is
to consider withdrawal of the agonist if the prolactin level has
been normal for at least 2 years and no visible tumor is seen
on a pituitary MRI. Patients with these findings still require
close follow-up evaluation with serial measurement of pro-
lactin levels to assess for recurrence. Recurrence rates of up to
50% have been reported.
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Neurosurgery is considered in patients with prolactino-
mas who are unresponsive to or poorly tolerant of dopamine
agonist therapy and always should be considered in patients
with a cystic prolactinoma because the cystic component will
be unresponsive to medical therapy, Remission rates after
transsphenoidal surgery have been reported to be as high as
80% for microprolactinomas but no more than 40% for
macroprolactinomas. In patents with surgical remission, the
long-term recurrence rate is approximately 20%. Radiation
therapy, including stereotactic radiosurgery, is used less
commonly for prolactinomas but is indicated for macropro-
lactinomas that do not respond to either medical or surgical
treatment.

KEY POINTS

® Common signs and symptoms of hyperprolactinemia
include galactorrhea, oligomenorrhea, amenorrhea,
and hirsutism in premenopausal women; erectile dys-
function in men; and decreased libido, infertility,
headache, and osteopenia in both sexes.

¢ For most symptomatic patients with hyperprolactine-
mia and prolactinomas, medical therapy with a
dopamine agonist is usually the treatment of choice;
permanent withdrawal of the drug can be considered
in some patients, particularly those whose serum pro-
lactin level has normalized (for at least 2 years) or
whose tumor is no longer visible.

Pregnancy in a Patient with a Prolactinoma

Dopamine agonists have no documented risks of fetal mal-
formations or other adverse outcomes in pregnancy; the col-
lection of available data on the safety of bromocriptine is sig-
nificantly larger than that for cabergoline. Nevertheless, in



women taking a dopamine agonist, the standard manage-
ment is to stop the drug after conception, except for women
with a history of optic chiasmal compression with visual field
compromise.

In normal women, the pituitary gland triples in size dur-
ing pregnancy. Prolactinomas also may increase in size during
pregnancy. Therefore, concern exists that the growing pro-
lactinoma may cause worsening symptoms, including visual
field defects and headache; pregnant women with prolactin-
omas are typically seen every 2 to 3 months for clinical assess-
ment. If clinical evidence suggests symptomatic prolactinoma
growth, then reinstitution of a dopamine agonist (with
bromocriptine being the preferred agent in this setting),
transsphenoidal surgical decompression, or delivery if the
pregnancy is sufficiently advanced should be considered.
Otherwise, dopamine agonist therapy is reinstituted after
nursing is completed. Serial visual field testing may be useful
to ensure maintenance of chiasmal function, although routine
pituitary MRI is not necessary. Prolactin level measurement
has no value during pregnancy.

KEY POINT

¢ Because prolactinomas may increase in size in preg-
nant women and lead to visual field loss, close clinical
monitoring should be performed during pregnancy.

Other Disorders Involving
Adenomas

Acromegaly

Causes and Diagnosis

Acromegaly is a disorder characterized by GH hypersecretion,
most commonly by a GH-sccreting pituitary adenoma. Like
other pituitary tumor syndromes, acromegaly is usually spo-
radic, although it may occur in the setting of multiple
endocrine neoplasia type 1 or familial acromegaly. When GH
hypersecretion occurs before epiphyseal closure (in a child or
adolescent), exaggerated linear growth of the long bones
occurs, with resultant pituitary gigantism. When it occurs in
adults after epiphyseal closure, acromegaly results. Clinical
features include frontal bossing; prognathism, with dental
malocclusion and increased spacing between the teeth;
enlargement of the nose, lips, and tongue; skin tags; arthritis;
carpal tunnel syndrome; sleep apnea; and excess sweating.

Patients with acromegaly have an increased incidence of

type 2 diabetes mellitus, cardiovascular disease, hypertension,
hypertrophic cardiomyopathy, and atherosclerotic arterial dis-
case; they also have a two- to threefold increase in premature
mortality. Because of an increased risk of premalignant polyps
and colon cancer, screening with colonoscopy is recom-
mended for all persons with GH excess.

The diagnosis of acromegaly is based on biochemical
evidence of GH hypersecretion, typically with an elevated

Disorders of the Pituitary Gland

IGE-1 level. A random GH value is nort useful because of the
pulsatile nature of GH secretion. GH stimulates the liver to
produce IGF-1, which serves as an integrated marker of GH
levels. Measuring the IGF-1 level is a simple test and may be
done randomly. Results correlate well with clinical symp-
toms. An oral glucose tolerance test also can be useful in a
patient in whom the diagnosis of acromegaly is not clear. A
nadir GH level of less than 1 ng/mL (1 microgram/L)
excludes the disease.

A pituitary MRI can reveal the size and location of the
pituitary adenoma and confirm the presence of mass effects.
Approximately 80% of patients with acromegaly have
macroadenomas. Patients with acromegaly should be referred
to an endocrinologist for definitive diagnostic testing and
therapy.

Treatment

The goals of therapy for acromegaly are to normalize the
IGF-1 level, control the GH levels, reduce tumor bulk, pre-
vent or decrease the number of comorbidities, and reduce the
risk of premature death. Reduction of GH hypersecretion will
lead to lessening of soft tissue abnormalities, but bony
changes will persist. In addition, normalization of biochemi-
cal parameters will result in improvements in cardiac function,
glucose control, hypertension, and sleep apnea and will help
decrease the risk of premature mortality. The primary therapy
is transsphenoidal surgery by an experienced neurosurgeon,
which will normalize biochemical parameters in as many as
90% of patients with microadenomas and 40% of patients with
macroadenomas.

Medical therapy is used mostly in the adjuvant setting in
patients with residual discase after surgery (such as a residual
tumor outside of the sella in the cavernous sinus, which is not
surgically accessible). Somatostatin analogues are commonly
used and normalize GH and IGF-1 levels in approximately
40% to 065% of patients. Long-acting preparations of
octreotide and lanreotide are administered as monthly injec-
tions. Somatostatin analogues can shrink tumors modestly
but usually not to the extent that dopamine agonists can
shrink prolactinomas. Adverse effects of somatostatin ana-
logues include diarrhea, abdominal bloating, and an increased
risk of cholelithiasis. Cabergoline, a dopamine agonist, also
may be considered because it is administered orally and is rel-
atively inexpensive (compared with a somatostatin analogue).
This drug normalizes biochemical parameters in 30% to 40%
of patients with acromegaly, particularly those with modest
disease acrivity.

A third type of drug used for medical therapy is a GH
receptor antagonist, specifically pegvisomant, which blocks
GH and thus causes a decline in IGF-1 values. Pegvisomant
administered as a daily or twice weekly injection normalizes
the IGF-1 level in more than 90% of patients and has asso-
ciated clinical benefits. Safety monitoring of pegvisomant
includes serial liver chemistry testing (elevations in serum
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values are uncommonly detected) and brain MRI (to mon-
itor for tumor growth, which has been described with use of
this drug). Pegvisomant is generally recommended as sec-
ond-line medical therapy, ecither as a substitution for or in
combination with a somatostatin analogue.

Radiation therapy also is used adjuvantly for manage-
ment of residual disease after surgery, for disease unresponsive
to medical therapy, or for patients in whom medical therapy
is poorly tolerated.

KEY POINTS

® An elevated insulin-like growth factor 1 level in the
setting of signs or symptoms of growth hormone
excess is consistent with acromegaly.

¢ The primary therapy for acromegaly is transsphe-
noidal surgery to remove the causative growth hor-
mone-secreting pituitary adenoma.

® Somatostatin analogues and dopamine agonists can
be used adjuvantly in patients with acromegaly who
have residual discase after surgery.

Cushing Disease

Cushing discase is Cushing syndrome caused by excess pro-
duction of ACTH by a pituitary adenoma. Cushing syndrome
is discussed in Disorders of the Adrenal Glands.

Clinically Nonfunctioning and Gonadotropin-
Producing Adenomas

Clinically nonfunctioning adenomas are pituitary tumors that
have no clinical manifestation of pituitary hormone hyper-
secretion. Because these tumors are not associated with a
pituitary hormone hypersecretory syndrome, such as Cushing
discase or acromegaly, they often are detected later and are
macroadenomas at diagnosis. Therefore, these tumors often
manifest with signs and symptoms of mass effects, such as
headache, visual field loss, or hypopituitarism, but also may be
detected incidentally. Occasionally, serum LH or FSH is pro-
duced at high levels, which results in high serum levels, and
these tumors are referred to as LH- or FSH-producing
gonadotroph adenomas.

Therapy of clinically nonfunctioning and gonadotropin-
producing adenomas is largely surgical, with the goal of
decompressing local structures, maintaining or improving
pituitary function, and removing tumor mass. Indications for
surgery include visual field loss, compression of adjacent
structures, headache, hemorrhage into the tumor (apoplexy),
and hypopituitarism. Visual field defects and pituitary dys-
function may improve after successful surgery, depending on
the extent and duration of compromise. Radiation therapy is
often used adjuvantly to control residual tumor after surgery.
Medical therapy has been largely unsuccessful in tumor
shrinkage in affected patients.
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Incidentalomas

A pituitary incidentaloma refers to a sellar lesion that is
detected during imaging for other reasons. Most inciden-
talomas are pituitary in origin, followed by cystic lesions,
such as small craniopharyngiomas or Rathke cleft cysts (see
Disorders of the Adrenal Gland, Incidentaloma). As with a
sellar mass, a thorough history, physical examination, and
laboratory evaluation should be performed for assessment
of pituitary hormone hypersecretion (see Pituitary
Tumors, Approach to a Sellar Mass). Notably, serum pro-
lactin levels are often modestly elevated with any mass that
causes pituitary stalk compression and disruption of
dopamine flow. Macroincidentalomas should be evaluated
with imaging studies for the presence of local mass effects
and hypopituitarism. If the imaging study reveals that the
lesion abuts the optic chiasm, then visual field testing
should be performed.

Treatment (usually surgery) is indicated for patients with
visual field compromise, oculomotor palsies, optic chiasm
compression, or evidence of hormone hypersecretion.
Surgery should be considered in the setting of tumor growth
orloss of pituitary function. Therefore, monitoring with pitu-
itary MRI at 6- to 12-month intervals for at least 3 years is
warranted for a microadenoma to detect an enlarging tumor
that may require surgery, with more frequent and protracted
monitoring of any macroadenoma,

® Treatment (usually surgery) is indicated for patients
with pituitary incidentalomas causing visual field
compromise, oculomotor palsies, optic chiasm com-
pression, or hormone hypersecretion; surgery also
should be considered in the setting of tumor growth
or loss of pituitary function

Thyroid-Stimulating Hormone-Secreting
Tumors

TSH- or thyrotropin-secreting pituitary adenomas are the
least common type of pituitary tumor and reflect overpro-
duction of TSH by the pituitary thyrotroph cells. The diag-
nosis usually is made during the evaluation of hyperthy-
roidism. In contrast to patients with primary
hyperthyroidism, whose TSH level is suppressed, biochemi-
cal testing of patients with a TSH-secreting adenoma reveals
an elevated T, level and an elevated or nonsuppressed TSH
level. The diagnosis should be confirmed with a pituitary
MRI. TSH-secreting pituitary adenomas are often macroade-
nomas, and the primary therapy is neurosurgical resection.
For residual discase after surgery, medical therapy with a
somatostatin analogue is highly effective in lowering the TSH
level and controlling the hyperthyroidism in as many as 80%
of patients. Adjuvant radiation therapy also may be needed for
control of any residual tumor.



Disorders of the Thyroid
Gland

Thyroid Physiology
The hypothalamic-pituitary axis controls thyroid hormone syn-
thesis, production, and secretion by releasing thyrotropin-
releasing hormone and thyroid-stimulating hormone (TSH)
through a negative feedback loop involving thyroxine (T,) and
triiodothyronine (T,). The thyroid gland primarily produces T,
and a small amount of T;. Approximately 85% of the body’s cir-
culating T, is produced by extrathyroidal peripheral conversion
of T, by 5"-deiodinase enzymes, mainly in the liver and kidney.
Most ambulatory patients with thyroid dystunction have a nor-
mal hypothalamic-pituitary axis with cither low serum TSH lev-
els (indicating thyrotoxicosis) or clevated TSH levels (indicat-
ing primary hypothyroidism). Occasionally, a patient will have
disease mediated by pituitary or hypothalamic dysfunction.
Only relatively small, unbound concentrations of T, and
T, are biologically active (free T, and T;). When bound to
circulating proteins (primarily thyroxine-binding globulin
[TBG] and, to a lesser extent, transthyretin and albumin),
these hormones are inactive and act as large storage reservoirs.

Disorders of the Thyroid Gland

Conditions affecting protein binding of thyroid hormone can
significantly affect measured levels of total thyroid hormone,
which makes measurement of total T, and T, levels inaccu-
rate and relatively uninterpretable (see later discussion).

Todide is required for thyroid hormone synthesis, and ade-
quate dietary iodine intake (from, for example, seafood, dairy
products, iodized salt, or other iodine-rich food sources) is
essential for thyroid hormone production. Although iodine
deficiency is a worldwide health problem, iodine intake in the
United States is generally adequate, according to the National
Health and Nutrition Examination Survey (NHANES) study.
The recommended iodine intake for persons older than 13 years
is 150 micrograms/d but is higher for pregnant and lactating
women (220 and 290 micrograms/d, respectively).

e Adequate iodine intake is critical for thyroid hormone
production.

Evaluation of Thyroid Function

Although various tests exist for evaluating thyroid func-
tion (Table 16), the serum TSH level is the most sensitive

TABLE 16. Common Tests of Thyroid Function
| Measurement Normal Range Indication Comment
Serum TSH 0.5-5.0 pU/mL (0.5-5.0 mU/L) Suspected thyroid dysfunction Misleading results in central
hypothyroidism in which TSH level is
inappropriately low or normal
Serum free T, 0.9-2.4 ng/dL (12-31 pmol/L) Suspected thyroid dysfunction Variable normal ranges depending on

Serum free T,

Serum thyroglobulin

3.6-5.6 ng/L (5.6-8.6 pmol/L)

3-40 ng/mL (3-40 pg/L)

24 hours

with concern for pituitary
dysfunction; or evidence of TSH
abnormality

T, thyrotoxicosis

Suspected subacute thyroiditis or
suspected surreptitious ingestion
of thyroid hormone or analogues;
followed as a tumor marker in
patients with well-differentiated
thyroid cancer

Graves disease; (euthyroid)

Suspected Hashimoto thyroiditis

Determination of the cause of
thyrotoxicosis

| Serum TSl 0-125%
g ophthalmopathy
i Serum TBII <10% Similar to TSI
Anti-thyroid <2 units/mL
peroxidase
antibodies
RAIU 10%-30% of dose at

assay

May substitute with total T, (In contrast
to free thyroid hormone assays, total T, or
T, measurement is affected by the serum-
binding protein level.)

Goal of an undetectable level in patients
with prior thyroidectomy and radioactive
iodine remnant therapy for differentiated
thyroid cancer; difficult to interpret serum
thyroglobulin levels in the presence of
thyroglobulin antibodies

Not generally needed to diagnose Graves
disease

Not generally needed to diagnose Graves
disease; detection of both blocking and
stimulating antibodies against the TSH
receptor

Not generally needed; has predictive
value for determining risk of
development of overt hypothyroidism

Contraindicated in pregnancy and breast
feeding

Hg = microgram(s); pU = microunit(s); mU = milliunit(s); RAIU = radioactive iodine uptake; T, = triiodothyronine; T, = thyroxine; TBIl = thyrotropin-binding inhibitory immunoglobulin; TSH =

thyroid-stimulating hormone; TSI = thyroid-stimulating immunoglobulin.
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indicator of thyroid function in ambulatory patients with a
normal pituitary gland. Therefore, determination of the
TSH level should be the first test used for patients with
symptoms or signs that may be due to thyroid dysfunction.
A free T, level may be measured concurrently with the
TSH level if the clinical suspicion of thyroid or pituitary
discase is high. In patients with a risk of pituitary gland
dysfunction, such as those with a history of cranial irradia-
tion, pituitary surgery, or massive head trauma, TSH and
free T, levels should be measured to determine if central
hypothyroidism is present.

Because levels of total T,, which comprises both bound
and free T, are affected by variations in binding protein lev-
els, they may not accurately reflect free T, levels. Free T, is
available for conversion to active T, but represents only a
small fraction of the total T,. Present techniques are able to
estimate the free T, level with relatively high accuracy by
determining the direct free T, level, by using equilibrium dial-
ysis, or by using analogue assays.

It the TSH level is abnormal, measurement of other
thyroid hormone levels is then recommended. For example,
measurement of the free T, level is reccommended to ascer-
tain the severity of the patient’s hypothyroidism if the TSH
level is elevated. If the TSH level is suppressed, then meas-
urement of free T, and T} levels is reccommended to ascer-
tain the severity of the patient’s thyrotoxicosis. Most patients
with thyrotoxicosis will have elevations of both levels; only
rarely is the T, level alone elevated (T, thyrotoxicosis).
Measurement of the T, level is not indicated in patients with
hypothyroidism because the T, level is conserved and may
remain within the normal range, even in patients with sig-
nificant hypothyroidism.

The major thyroid antibodies are anti-thyroid peroxidase
(anti-TPO) antibodies, antithyroglobulin antibodies, and
anti-TSH receptor antibodies (thyroid-stimulating immuno-
globulins [TSIs] and thyrotropin-binding inhibitory
immunoglobulins [TBIIs]). Elevated titers of anti-TPO and
antithyroglobulin antibodies are associated with autoimmune
hypothyroidism (Hashimoto thyroiditis), and elevated levels
of TSI or TSII antibodies are associated with autoimmune
hyperthyroidism ( Graves disease). In the presence of a normal
TSH level, a positive thyroid antibody titer does not indicate
the need for treatment but instead confers an increased risk
for future thyroid dystunction. In a person with a strong fam-
ily history of autoimmune thyroid disease, measurement of
and-TPO antibody titers assesses future risk of developing
hypothyroidism. Measurement of antithyroglobulin antibody
titers is not as sensitive and thus is not the preferred test.
Repeated or serial measurements of antithyroid antibody
titers are not recommended because the degree of a titer’s ele-
vation does not indicate a need for treatment; only an abnor-
mal TSH level does. An exception to this recommendation is
in women who are or wish to become pregnant whose anti-
TPO titer is positive and whose TSH level is in the normal
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range. This special population has a higher risk of infertility,
preterm delivery, and miscarriage, and thus serial measure-
ments are appropriate.

TSIs and TBIIs are highly associated with Graves disease.
When the diagnosis of Graves disease cannot be made clini-
cally in a patient with hyperthyroidism, measurement of the
serum level of these antibodies is recommended, especially if
radioactive iodine uptake studies are not available or if
radioactive iodine exposure is contraindicated, as in preg-
nancy and breastfeeding.

Thyroglobulin is a glycoprotein that stores thyroid hor-
mone within the thyroid gland. This glycoprotein is released
into the blood stream, and serum levels can be elevated in
both hyperthyroidism and destructive thyroiditis and
decreased in factitious thyrotoxicosis after ingestion of
exogenous thyroid hormone. Obtaining a serum thyroglob-
ulin level is thus helpful diagnostically in patients who are
cuthyroid when assessing for factitious ingestion of thyroid
hormone. Measurement of the serum thyroglobulin level
also is recommended in patients with a history of well-dif-
ferentiated thyroid cancer (papillary or follicular thyroid can-
cer) because the glycoprotein is an effective tumor marker
used to detect thyroid cancer recurrence or persistence at the
carliest possible stage. In patients who have undergone thy-
roidectomy and radioactive iodine ablation as initial treat-
ment for thyroid cancer, detectable serum thyroglobulin lev-
cls likely indicate the presence of thyroid cancer cells. In
most immunometric assays, thyroglobulin antibodies inter-
fere with accurate measurement and lead to falsely low
serum thyroglobulin levels. Therefore, whenever the serum
thyroglobulin level is measured, thyroglobulin antibodies
also are measured; if antibodies are present, the serum thy-
roglobulin level may not be reliable.

In clinical settings, calcitonin, which is secreted by C cells
of the thyroid gland, is used primarily as a tumor marker in
patients with a history of medullary thyroid cancer. Although
routine measurement of the serum calcitonin level is not rec-
ommended in all patients with thyroid nodules or thyroid
dysfunction, its measurement is recommended in patients
with thyroid nodules who are at higher risk for medullary thy-
roid cancer, such as those with a positive family history of
medullary thyroid cancer, with features of multiple endocrine
neoplasia type 2 (MEN2), or with thyroid biopsy results sug-
gestive of medullary thyroid cancer.

The radioactive iodine uptake (RAIU) test measures
iodine uptake by the thyroid gland over a specified time
period (for example, at 4 and 24 hours after iodine injec-
tion). Patients with thyrotoxicosis (hyperthyroidism) typi-
cally have an elevated (higher than 30% at 24 hours) or
high-normal RAIU, which indicates endogenous produc-
tion of thyroid hormones. In patients with subacute, silent,
or postpartum thyroiditis or exposure to exogenous thyroid
hormones, the RAIU will be very low (<5% at 24 hours),
which indicates very little endogenous production. A thyroid



scan will show diffuse uptake of the radioactive iodine in
Graves disease or more focal uptake in toxic multinodular
goiter or toxic adenoma. These radionuclide studies are
contraindicated during pregnancy and in women who are
breast feeding. Postpartum thyroiditis occurs in approxi-
mately 30% of women with an elevated serum thyroid per-
oxidase antibody level.

 The serum thyroid-stimulating hormone level is the
most sensitive indicator of thyroid function in ambu-
latory patients with intact pituitary function, and its
measurement is the test of choice for detecting thy-
roid dysfunction.

Functional Thyroid Disorders

Thyrotoxicosis

from any cause (Figure 3). Hyperthyroidism specifically
refers to endogenous thyroid gland overactivity, most com-
monly caused by Graves discase, toxic multinodular goiter, or
toxic adenoma. Fatigue, anxiety, insomnia, weight loss
(despite increased appetite), tremulousness, tremor, heat
intolerance, oligo- or amenorrhea, hyperdefecation, palpita-
tions, shortness of breath or dyspnea on exertion, and mus-
cle weakness are among the diverse signs and symptoms of

TSH-mediated TSH-secreting

pituitary tumor

Thyroid hormone
resistance
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thyrotoxicosis. The severity of symptoms may not correlate
with the extent of thyroid hormone elevation. Older patients
with apathetic hyperthyroidism, for example, may have min-
imal hyperadrenergic symptoms and instead may have atrial
fibrillation or heart failure at presentation. Thyrotoxicosis may
be associated with stare (due to lid retraction), dry itchy cyes,
and tearing.

A thorough history and physical examination should be
performed, as should appropriate laboratory and anatomic
studies (Table 17). Typical laboratory findings of thyrotoxi-
cosis include a suppressed TSH level and an elevated free T,
and/or T, level; the TSH level is undetectable when the
patient has overt hyperthyroidism. Anti-TPO and antithy-
roglobulin antibody levels also may be elevated with thyro-
toxicosis. Thyroid ultrasonography is recommended for
patients with thyrotoxicosis if a palpable nodule, a hypofunc-
tioning area on an isotope scan, or a personal or family his-
tory of thyroid cancer is present.

Rarely, a paticnt may have a TSH-secreting pituitary
tumor that stimulates the thyroid gland to secrete excessive T,
and/or T,. In contrast to more common causes of hyperthy-
roidism, TSH-secreting pituitary tumors may be associated
with a detectable or even normal TSH level in the context of
an clevated free T, or T, level. A pituitary MRI will show a
pituitary tumor, and the o-subunit to serum TSH ratio will
be greater than 1. Treatment is directed at the pituitary ade-
noma because thyroid gland—directed treatment typically is
ineffective.

Hyperthyroidism

Graves disease
Toxic MNG
Toxic adenoma

Exogenous T,/ Ty

lodine load

Other

Acute
Subacute
Postpartum
Silent
Hashimoto
Drug-induced
Traumatic

Riedel Thyroiditis

FIGURE 3. Types of thyrotoxicosis. MNG = multinodular goiter; T, = triiodothyronine; T, = thyroxine; TSH = thyroid-stimulating hormone.
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TABLE 17. Classic Test Result Patterns in Thyrotoxicosis

. Test Graves Toxic SAT Postpartum Exogenous T, Exogenous T, TSH-Secreting Reference ‘

1 Disease Adenomal/ Thyrotoxic Thyroiditis Pituitary Range w

MNG Phase Tumor |

l TSH 1 1 1 L " 1 Normal or 0.5-5.0 ‘

[ elevated pU/mL (0.5- |

-‘ 5.0 mU/L) |

| FT, i T T T T Normal/l T 0.9-2.4 5
ng/dL (12- |

‘ 31 pmoliL)

| FT, T T i T Normal/T T Normal/T 3.6-5.6

1 ng/dL (5.6-

’ 8.6 pmol/L)

| TPOAb  +/- v +- +- <35

i units/mL ‘

| Tl <125% i

| TBII <16%

‘ RAIU 1 T <5% <5% <5% <5% Normal/T 10%-30% at
24 h

‘ Ab = antibody, FT, = free triiodothyronine; FT, = free thyroxine; U = microunit(s); mU = milliunits; MNG = multinodular goiter; RAIU = radioactive iodine uptake; SAT = subacute thyroiditis;
T8Il = thyrotropin-binding inhibitory immunoglobulin; TG = thyroglobulin; TPO = anti-thyroid peroxidase; TSH = thyroid-stimulating hormone; TSI = thyroid-stimulating immunoglobulin; L =

decreased; T = increased; + = present; - = absent.

* Typical laboratory findings of thyrotoxicosis include a
suppressed thyroid-stimulating hormone level (usu-
ally undetectable) and an elevated free thyroxine
and/or triiodothyronine level.

* Radioactive iodine uptake by the thyroid gland is ele-
vated in hyperthyroidism and decreased in destructive
thyroiditis and exogenous thyroid hormone exposure.

Graves Disease

Graves disease is an autoimmune disease that can affect the
thyroid gland, ocular muscles, orbital far, and skin.
Hyperthyroidism is by far its most common manifestation. In
Graves discase, antibodies against the TSH receptor are pro-
duced. These antibodies stimulate autonomous thyroid gland
function and secretion of excess T, and T .

Graves disease of the eye (ophthalmopathy) involves
infiltration of the fibroblastic tissues of the ocular muscula-
ture, which leads to hypertrophy. Although the basic patho-
physiology of Graves ophthalmopathy is not well understood,
it is thought to involve stimulaton of TSH receptors in
orbital tissues (such as fibroblasts and adipose tissue), which
results in increased cellular proliferation and local production
of glycosaminoglycans. These processes result in inflamma-
tion and edema of extraocular muscles and an increase in
retro-orbital tissues that causes proptosis, diplopia, chemosis,
and, rarely, decreased visual acuity. Severity varies from mild
to severe. Exophthalmos, orbital muscle dysfunction (as in
diplopia), and conjunctival irritation may be important man-
ifestations. Diagnosed clinically or with orbital CT or MRI,
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ophthalmopathy occurs in as many as 25% of patients with
Graves hyperthyroidism but also may occur in patients with
normal findings on thyroid function tests who have elevated
TSH receptor antibodies.

Graves discase of the skin (pretibial myxedema) involves
infiltration of the dermis (usually of the anterior shin). Graves
disease of the skin occurs in less than 5% of patients but almost
always in patients who already have Graves hyperthyroidism
and eye disease.

The main risk factor for Graves disease is a family history
of autoimmune thyroid discase. Physical examination of the
thyroid gland may reveal the classic smooth, rubbery, firm
goiter, often characterized by a bruit.

Adrenergic symptoms from thyrotoxicosis should be
treated promptly with B-blocker therapy; cardioselective B-
blockers, such as atenolol, are preferred. Propranolol
decreases (minimally) T, to T, conversion, but the decreased
amount of T, is thought to be relatively clinically insignificant.
The benefits of the cardioselective action of B-blockers are
considered more clinically relevant, and once-daily adminis-
tration of atenolol leads to increased adherence to the med-
ical regimen.

Graves hyperthyroidism can be treated with antithyroid
drugs, radioactive iodine ('31) ablation, or thyroid surgery.
Two antithyroid drugs are available in the United States,
namely, methimazole and propylthiouracil. Methimazole is
the first choice because of its increased potency, once-daily
dosing regimen, and lower incidence of serious adverse effects
(mainly hepatic). Propylthiouracil is used in women in the
first trimester of pregnancy (because of the teratogenicity of
methimazole) or patients unable to tolerate methimazole.



Antithyroid drugs can be used either for short-term control
of hyperthyroidism before thyroidectomy or radioactive
jodine treatment or for longer periods (12-24 months) to
achieve spontaneous discase remission. Whether this remis-
sion is due to the natural history of Graves hyperthyroidism
or to treatment with antithyroid drugs is unknown, but 30%
to 50% of treated patients will expericnce a remission. Patients
with small goiters, mild elevations in their T and T, levels,
and lower initial drug doses are more likely to have a remis-
sion. Although most patients will have a recurrence of hyper-
thyroidism, prolonged remission occurs in 20% to 30% of
patients with remission induced by antithyroid agents.
Methimazole and propylthiouracil may start to lower free T,
and T, levels within several days, but the full beneficial eftect
may not be seen for several weeks, depending on the severity
of the hyperthyroidism and on the medication dosage. TSH
suppression may persist even after a decrease in or normaliza-
tion of free T, and /or T, levels. Therefore, serial TSH mea-
surements should not be used to routinely monitor patients
with hyperthyroidism.

Although generally well tolerated, antithyroid drugs
have some notable adverse effects. Approximately 5% to 10%
of patients taking antithyroid drugs develop drug rashes. Oof
more serious concern, these drugs are associated (albeit
rarely) with agranulocytosis and hepatotoxicity. Propyl-
thiouracil has been associated with elevated aminotransferase
levels and a higher rate of serious hepatic injury than methim-
azole, and for that reason methimazole is preferred. A mild
and usually reversible cholestatic pattern on liver chemistry
tests can be seen with methimazole. Baseline liver chemistry
studies and a complete blood count (with leukocyte ditteren-
tial) are thus recommended before initiation of antithyroid
drugs. Patients taking antithyroid drugs who develop high
fever, sore throat, prominent flulike symptoms, rash, jaundice,
icterus, or other symptoms of serious illness should be imme-
diately assessed for an adverse reaction to the medication.

A single appropriate dose of radioactive iodine can ablate
an overactive thyroid in Graves discase in greater than 90% of
patients. Adverse effects are uncommon, but patients may
develop transient anterior neck pain or tenderness from radi-
ation thyroiditis. An exacerbation of the thyrotoxic state for
several weeks can occur because of the release of preformed
hormone. The expected and desired outcome is permanent
hypothyroidism, which typically occurs within 2 to 3 months
of therapy, at which time thyroid hormone replacement ther-
apy is begun.

Graves ophthalmopathy occurs more commonly in
smokers and persons with a family history of the disorder.
Its severity varies from mild to severe and may involve
exophthalmos, inflammatory eye changes (chemosis, con-
junctival injection, periorbital edema, or iritis), extraocular
muscle palsies causing double vision, and optic nerve com-
pression causing reduced visual acuity and (rarely) blind-
ness. A primary focus in managing Graves ophthalmopathy
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should be to establish a euthyroid state. Because radioactive
iodine treatment has been associated with (at least tran-
sient) worsening of Graves ophthalmopathy, its use is not
recommended in patients with severe Graves ophthalmopa-
thy. A thyroidectomy is preferred when definitive therapy
for hyperthyroidism is required in a patient with severe
Graves ophthalmopathy. Patients with advanced ophthal-
mopathy should be cared for by an experienced ophthal-
mologist, who may treat with local measures (such as arti-
ficial tears), corticosteroids, orbital irradiation, or orbital
decompression, as necessary.

e Radioactive iodine can effectively ablate an overactive
thyroid in Graves disease in greater than 90% of
paticnts, usually after a single dose; this treatment
should be avoided in patients with significant Graves
ophthalmopathy.

Toxic Multinodular Goiter and Toxic Adenoma
Toxic multinodular goiter and toxic adenoma result from an
activating somatic mutation in the TSH receptor gene, which
leads to autonomy of function and secretion of excess T, and
T, from the nodule(s) affected. Recent iodine exposure from
acute jodine loads, usually from iodinated contrast dye used
in CT scans and angiographic procedures (such as cardiac
catheterization), can induce thyrotoxicosis in patients with
preexisting autonomy of thyroid function (Jod-Basedow phe-
nomenon). MRI and ultrasonography should be used prefer-
entially in patients with autonomy of thyroid function to
avoid iodine exposure from iodinated contrast.

Physical examination usually reveals one or more palpa-
ble nodule(s) or overall gland enlargement. Therefore,
obtaining a thyroid ultrasound is recommended to assess any
detected nodule for cancer risk and the need for biopsy.
Thyroid cancer is not often diagnosed in a patient with hyper-
thyroidism, but any nodule found should be considered for
biopsy on the basis of its size and imaging characteristics (see
later discussion of thyroid nodules). A multinodular goiter
associated with hyperthyroidism can be treated with either
radioactive iodine or surgery depending on multiple factors,
including the size of the thyroid gland, evidence of obstrue-
tion (such as hoarseness with recurrent laryngeal nerve
impairment), dyspnea, or local symptoms suggestive of cervi-
cal venous obstruction (such as engorgement of neck veins,
especially when raising the hands above the head).
Radioactive iodine therapy may effectively treat the hyper-
thyroidism, but surgery usually is indicated for large goiters
with local compressive symptoms, except in patients who are
not good surgical candidates. Radioactive iodine generally
results in a modest decrease in goiter size (approximately 30%
to 50%) over many months.

With toxic adenoma, a thyroid scan with radioactive
iodine ('3'1) will reveal a solitary overactive (“hot”) nodule
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with suppression of the rest of the gland. With toxic muld-
nodular goiter, the scan will reveal patchy uptake of radicactive
iodine that is increased in autonomous regions and reduced
outside those areas. In areas of decreased uptake, if a distinct
“cold” nodule is present (confirmed as a nodule on a thyroid
ultrasound), a biopsy is recommended before any treatment
with radioactive iodine. Close monitoring with thyroid func-
tion tests is indicated approximately every 6 to 8 weeks.

Radioactive iodine ablation is the treatment of choice.
Ideally, the hyperactive nodule(s) is(are) ablated over several
months, and the normal thyroid tissue returns to normal
function, which negates the need for lifelong thyroid hor-
mone replacement therapy. The limitation of this treatment is
the avidity of the nodule(s) for iodine. If the radioactive
iodine uptake is not sufficiently high, the nodule(s) will not
be ablated and the hyperthyroidism will persist. Surgical
removal of the involved lobe (in patients with toxic adenoma)
and total thyroidectomy (in patients with toxic multinodular
goiter) is usually offered to those whose gland is not suffi-
ciently avid for the radioactive iodine to result in ablation or
who have proven thyroid cancer by biopsy. Antithyroid drugs
modulate thyroid hormone production in toxic multinodular
goiter and toxic adenoma and thus must be administered con-
tnuously to control hyperthyroidism.

* Radioactive iodine ablation is the preferred treatment
of toxic multinodular goiter and toxic adenoma.

Destructive Thyroiditis

Thyroiditis involves transient destruction of thyroid tissue,
which disrupts follicles and causes the release of preformed
thyroid hormone into the circulation. Forms of destructive
thyroiditis include subacute (de Quervain), silent, and post-
partum thyroiditis. Subacute thyroiditis most commonly
occurs after a viral infection and usually involves severe thy-
roid and neck pain; fever, fatigue, malaise, anorexia, and myal-
gia are common. Silent thyroiditis is painless. Postpartum thy-
roiditis is a subset of painless autoimmune thyroiditis and can
occur up to 12 months after parturition. It affects 5% to 8%
of pregnant women in the United States and can recur with
each pregnancy.

Subacute thyroiditis is associated with systemic signs of
inflammation (such as an elevated erythrocyte sedimentation
rate or C-reactive protein level), elevated serum free T, and
T, levels, and a low serum TSH level. The disorder usually
follows a classic course of approximately 6 weceks of thyro-
toxicosis, a shorter period of euthyroidism, 4 to 6 weeks of
hypothyroidism, and then restoration of euthyroidism. The
severity and duration of an episode of destructive thyroiditis
vary among patients. The clinical courses of silent and post-
partum thyroiditis are more variable than that of subacute
thyroiditis. Those who have had any type of thyroiditis are at
increased risk for subsequent bouts. The hypothyroid phase
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is usually mild but can be prolonged or permanent and
require thyroid hormone replacement. This more severe
presentation is more likely to occur in patients with postpar-
tum thyroiditis. When necessary, levothyroxine generally is
given for approximately 6 months to allow time for thyroid
gland recovery and then is tapered and stopped, with ongo-
ing monitoring for recurrent hypothyroidism.

Figure 4 shows typical results of thyroid function and
RAIU tests in patients with destructive thyroiditis.
Antithyroid agents, such as methimazole or propylthiouracil,
have no role in the treatment of destructive thyroiditis
because endogenous production of thyroid hormone is very
low. B-Adrenergic blocker therapy is recommended in specific
patients during the thyrotoxic phase. NSAIDs are the first line
of therapy for the neck pain of subacute thyroiditis; corticos-
teroid therapy is indicated in patients with severe pain unre-
sponsive to NSAIDs and in patients with markedly elevated
free T, or T, levels.

® The hypothyroid phase of destructive thyroidits can
be so severe that replacement therapy with levothy-
roxine should be considered; this therapy is most
commonly necessary in postpartum thyroiditis.

Drug-Induced Thyrotoxicosis

Multiple agents can cause thyrotoxicosis, including amio-
darone (most common), interferon alfa, interleukin-2, and
lithium carbonate. Iodine loads from drugs, iodinated con-
trast, or, in rare cases, significant povidone-iodine exposure
can trigger hyperthyroidism in persons with preexisting or

Serum T,

123| uptake

Serum TSH
Increased

Normal

4
Decreased
[

Month

FIGURE 4. Triphasic changes in thyroid hormone levels associated with
destructive thyroiditis. Measurement of serum T,, serum TSH, and radioactive
iodine ('31) uptake shows thyrotoxicosis during the first 3 months, followed by
hypothyroidism for 3 months, and then by euthyroidism. 23| = radioactive
iodine; T, = thyroxine; TSH = thyroid-stimulating hormone.

Adapted with permission from Pearce EN, Farwell AP Braverman LE. Thyroiditis [erratum in N

Engl ) Med. 2003;349(6):620]. N Engl ) Med. 2003;348(26):2650. [PMID: 12826640)
Copyright 2003, Massachusetts Medical Society.



underlying thyroid autonomy. Lithium is more commonly
associated with hypothyroidism than hyperthyroidism.
Although the average diet in the United States contains
approximately 150 to 200 micrograms/d of iodine, amio-
darone contains 75 mg (75,000 micrograms) of iodine per
tablet and has a half-life of months while stored in tissues.
Persistent effects on thyroid function can be seen for up to 1
year after drug discontinuation.

Iodine-induced hyperthyroidism (type 1) and destructive
thyroiditis (type 2) are the two forms of amiodarone-induced
thyrotoxicosis. Type 1 thyrotoxicosis is more common in
iodine-deficient geographic areas in patients with multinodu-
lar goiter and is treated with antithyroid agents. Type 2 thy-
rotoxicosis generally occurs in iodine-sufficient regions, such
as the United States, and is treated with corticosteroid ther-
apy. In practice, however, the distinction between the two
types of disease is not clear, and many patients have overlap-
ping discase, which is treated with both antithyroid agents
and corticosteroids. In patdents who are unresponsive to
antithyroid drugs and corticosteroid therapy, a thyroidectomy
may be recommended. These patients typically have multiple
clinical issues and also are hyperthyroid. Therefore, the deci-
sion regarding thyroidectomy must be based on individual
circumstances.

Because the management of amiodarone-induced thyro-
toxicosis can be complex, involvement of an endocrinologist
is appropriate. If possible, discontinuation of amiodarone
should be attempted, although stopping the drug may
(rarely) not be possible from a cardiac perspective.
Consultation with the patient’s cardiologist is thus important.

¢ The most common cause of drug-induced thyrotoxi-
cosis is amiodarone, which has high iodine content
and can cause an iodine-induced thyrotoxicosis or
destructive thyroiditis.

Subclinical Hyperthyroidism

Subclinical hyperthyroidism is characterized by a suppressed
serum TSH level with concomitant T, and T, levels within
the reference range. Repeat thyroid hormone levels should be
obtained in 3 or 6 months to confirm that this is a continu-
ing problem. Symptoms are mild, and most patients are
asymptomatic.

Persistent mild hyperthyroidism has potential negative
effects on cardiac function, the central nervous system, and
bone mass. Which patients should receive treatment remains
a matter of debate, but consensus supports intervention when
the TSH level is less than 0.1 microunit/mL (0.1 milliu-
nit/L), especially in patients who are 65 vears and older, have
tachyarrhythmias or heart disease, are postmenopausal with
low bone mass, or are markedly symptomatic. The manage-
ment of TSH levels less than the normal range but 0.1
microunit/mL (0.1 milliunit/L) or greater is less certain.
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Data suggest an increased risk of atrial fibrillation when the
TSH level is less than 0.3 microunit/mL (0.3 milliunit/L).
Postmenopausal patients with a TSH level less than 0.1
microunit/mL (0.1 milliunit/L) also have a higher risk of
bone loss. When treatment is warranted, radioactive iodine
ablation may be preferred. Often, however, the gland is not
avid enough to trap sufficient iodine, and methimazole must
be used to normalize the TSH level.

Hypothyroidism

A common disorder, hypothyroidism has a higher preva-
lence in women than men (2% versus 0.2%) and in persons
with other underlying autoimmune diseases. The most fre-
quent cause is Hashimoto thyroiditis, followed distantly by
iatrogenic hypothyroidism (which can occur after radioactive
iodine ablation for Graves discase, external beam radiation
to the thyroid bed, or surgical removal of the thyroid
gland). Amiodarone, lithium carbonate, interferon alfa,
interleukin-2, and other medications can cause hypothy-
roidism; amiodarone causes hypothyroidism in approxi-
mately 10% of North Americans who take it chronically.
Pituitary disease, pituitary tumors, and pituitary surgery can
cause central hypothyroidism. Congenital forms of hypothy-
roidism, such as thyroid agenesis or dyshormonogenesis (a
genetic defect in the synthesis of thyroid hormone), are rarer
causcs of hypothyroidism. Celiac disease, which occurs more
frequently in patients with autoimmune thyroid disease
than in the general population, is sometimes associated with
inadequate levothyroxine absorption and resultant increased
levothyroxine dosing requirements in patients with estab-
lished hypothyroidism.

The numerous and largely nonspecitic clinical manifesta-
tions of hypothyroidism include fatigue, reduced endurance,
weight gain, cold intolerance, constipation, impaired con-
centration and short-term memory, dry skin, edema, mood
changes, depression, psychomotor retardation, muscle
cramps, myalgia, menorrhagia, and reduced fertility. Physical
examination findings can include a reduced basal tempera-
ture, diastolic hypertension, an enlarged thyroid gland, brady-
cardia, pallor, dry and cold skin, brittle hair, hoarseness, and
a delayed recovery phase of deep tendon reflexes. Some
patients with mild hypothyroidism will exhibit few or none of
these signs and symproms. Results of laboratory studies can
confirm hypothyroidism (Table 18). Measurement of serum
TSH and total or free T, levels is required, but measurement
of the serum T level is generally not needed. Anti-TPO or
thyroglobulin antibodies in the serum suggest Hashimoto
thyroiditis as the cause of hypothyroidism. A thyroid scan and
RATU test are not useful. In patients with hypothyroidism in
whom a goiter or nodule is palpated, imaging the gland with
ultrasonography to evaluate for nodular disease requiring
biopsy is appropriate,

Levothyroxine therapy is the mainstay of thyroid hor-
mone replacement. The drug should be taken on an empty
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TABLE 18. Classic Test Result Patterns.in Hypothyroidism

Hashimoto Subclinical SAT Recovery Postpartum Central Reference Range |
Thyroiditis Hypothyroidism Phase Thyroiditis Hypothyroidism E
Hypothyroid
: Phase |
TSH T i3 T T l/Normal 0.5-5.0 pU/mL (0.5-
5.0 mU/L)
FT, Normal/l Normal Normal/l Normal/l L/Normal 0.9-2.4 ng/dL (12-
[ 31 pmolil)
FT, Normal/l Normal Normal/l Normal/l Normal/l 3.6-5.6 ng/dL (5.6- i
8.6 pmol/L) (
| TPOAb + +- +/- +- <35 units/mL ‘

+/— <20 units/mL |

Ab = antibody; FT, = free triicdothyronine; FT, = free thyroxine; pU = microunit(s); mU = milliunit(s); SAT = subacute thyroiditis; TG = thyroglobulin; TPO = anti-thyroid peroxidase; TSH = thy-

| T6Ab 41— 2 +-
I
i

roid-stimulating hormone; 1 = decreased; T = increased; + = present; — = absent.

stomach 1 hour before or 2 to 3 hours after intake of food or
calcium- or iron-containing supplements. Although attention
recently has focused on liothyronine therapy and combination
T;-T, therapy that uses either thyroid hormone extract or
synthetic T;-T, combinations, most evidence to date shows
that neither has a clinical advantage over traditional levothy-
roxine treatment. T; preparations have a short half-life and
have been associated with acute spikes in serum T, levels,
which are of particular concern in older adult patients or
patients with cardiac abnormalities.

For patients receiving thyroid hormone replacement
therapy, an appropriate target for the TSH level is 0.5 to 4.3
microunits/mL (0.5-4.3 milliunits /L). Discussion of the util-
ity of aiming for a TSH level of 1.0 to 3.0 microunits/mL
(1.0-3.0 milliunits /L) in most patients has occurred because
of concerns that older padents and padents with positive
antithyroid antibodies or a family history of thyroid discase
tend to have higher TSH levels. However, no robust evidence
supports this lower TSH goal. Patients age 80 years and older
with subclinical or overt hypothyroidism are more likely to
survive to age 89 years than their peers with normal or low
serum TSH values. Increasing evidence suggests that the nor-
mal reference range for persons age 80 years and older is
approximately 1 to 7 microunits/mL (1-7 milliunits /L),
although further studies in this area are required. It is now
recognized that patients in this age range generally should not
be placed on exogenous levothyroxine solely for an elevated
TSH level but that a complete consideration of the patient
and the clinical context is necessary.

KEY POINT

® A target range of 0.5 to 4.3 microunits/mL (0.5-4.3
milliunits /L) for the thyroid-stimulating hormone
level is appropriate for most patients with defined
thyroid disease taking levothyroxine; a higher range
may be appropriate for persons age 80 years and
older.
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Subclinical Hypothyroidism

In subclinical hypothyroidism, the serum TSH level is
greater than the reference range, with concomitant serum T,
and T, levels in the reference range. Patients typically have
mild or no symptoms of hypothyroidism. The causes of sub-
clinical hypothyroidism are the same as for overt hypothy-
roidism. Patients with subclinical hypothyroidism may have
mild clevations in total cholesterol, LDL cholesterol, and
even C-reactive protein levels, and some meta-analyses have
shown an increased risk for atherosclerosis and cardiac
events. However, evidence is insufficient to conclude that
treatment with levothyroxine minimizes risks or improves
outcomes when the TSH level is 10 microunits/mL (10
milliunits /L) or less. Treatment is recommended when
serum TSH levels are greater than 10 microunits/mL (10
milliunits /L). Levothyroxine therapy also can be considered
for paticnts who are markedly symptomatic, have a goiter,
are pregnant or are planning to become pregnant, or have
positive anti-TP'O antibodies. The evidence currently is
most compelling for treating pregnant patients with sub-
clinical hypothyroidism; the normal ranges of the TSH level
in patients who are pregnant are 0.1 to 2.5 microunits/mL
(0.1-2.5 milliunits/L) in the first trimester, 0.2 to 3.0
microunits/mL (0.2-3.0 milliunits/L) in the second
trimester, and 0.3 to 3.0 microunits/mL (0.3-3.0 milliu-
nits,/L) in the third trimester. Patents desirous of becoming
pregnant should have a TSH level between 0.5 and 2.5
microunits/mL (0.5-2.5 milliunits /L),

KEY POINT

® Pregnant women or women desirous of becoming
pregnant who have subclinical hypothyroidism should
reccive thyroid hormone replacement therapy if their
thyroid-stimulating hormone level is greater than the
normal range for their condition.



Structural Disorders of the
Thyroid Gland

The primary structural disorders of the thyroid gland are nod-
ules, goiters, and cancers. Rarer causes include aberrant or
ectopic structural disorders, such as agenesis, hemiagenesis,
substernal and lingual abnormalities, and struma ovarii.

Thyroid Nodules

Palpable thyroid nodules have a prevalence of approxi-
mately 5% in women and 1% in men in iodine-sufficient
areas, such as the United States, and the prevalence increases
with age. The differential diagnosis of thyroid nodules is var-
ied (Table 19). Because most thyroid nodules are benign,
the clinician’s task is to identify malignant lesions (5%-15%)
in the most accurate, cfficient, and cost-effective manner
(Figure 5). Factors associated with an increased cancer risk
include age less than 20 or greater than 60 years, male gen-
der, previous head or neck irradiation, a family history of
thyroid (especially medullary) cancer, rapid nodule growth,
and hoarseness. Pain is uncommon and is more often asso-
ciated with benign than malignant nodules. The presence of
a hard palpable nodule (or nodules), local cervical lym-
phadenopathy, fixation to adjacent tissue, and vocal cord
paralysis increases the likelihood of cancer,

TABLE 19. Differential Diagnosis of Thyroid Nodules

Disorders of the Thyroid Gland

Thyroid
nodule/MNG

Yes l l No

Thyroid scan Thyroid
and RAIU ultrasound
Select nodule(s)
for FNA
: b Follicular Malignant/
Benign Insufficient neoplasm suspicious
Serial Repeat FNA I
follow-up (ultrasound-
guided) Surgery

FIGURE 5. Evaluation of a thyroid nodule. Algorithm showing the sug-
gested evaluation of a thyroid nodule. FNA = fine-needle aspiration; MNG =
multinodular goiter; RAIU = radioactive iodine uptake; TSH = thyroid-stimulat-
ing hormone.

Pyramidal lobe of thyroid

Cervical lymphadenopathy

Diagnosis Notes
| Benign
Thyroid nodule Adenomatoid hyperplasia, colloid nodule, adenomatoid nodule, follicular or Hirthle cell
adenoma, and hyalinizing trabecular adenoma
W Thyroglossal duct cyst Midline cystic mass at level of hyoid bone; moves upward with protrusion of the tongue; may

become infected; rarely malignant

Cephalad projection of thyroid tissue from isthmus; may be palpable in autoimmune thyroid
disease

Type of germ cell tumor that may contain several different types of tissue (such as hair, muscle,

Lipoma Benign focal subcutaneous accumulation of fat
Dermoid cyst Soft mass in the suprasternal notch
Teratoma
and bone); mediastinal location at times
! Branchial cyst

Soft lateral neck mass anterior to upper third of sternocleidomastoid muscle; usually seen in
adults; cholesterol crystals in cyst fluid

Possibly benign or may be associated with malignancy, including thyroid cancer

Malignant

| Thyroid cancer (primary)

Thyroid lymphoma

Metastatic cancer
Sarcoma

Papillary (variants: follicular, diffuse sclerosing, columnar, tall cell)
Follicular (variants: Hirthle cell [oncocytic])

Medullary

Anaplastic

Rapidly enlarging, firm neck mass; often bilateral; classically seen in older women with a history |

of Hashimoto thyroiditis
Metastases of other primary cancer to thyroid (breast, melanoma, kidney)

Tumors usually arising from connective tissue, with most being malignant
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Measurement of the serum TSH level should be the first
test performed in a patent with a thyroid nodule. If the level
is suppressed, free T, and T} levels should be measured and a
radionuclide scan considered. Treatment for incidentally dis-
covered hyperthyroidism should then be undertaken. Less
than 1% of hyperfunctioning nodules contain malignancy. If
the TSH level is normal or elevated, thyroid ultrasonogra-
phy should be performed as soon as possible to allow for
timely fine-needle aspiration (FNA) biopsy, if indicated.
Measurement of thyroid antibody levels is also appropriate,
especially in patients with multinodular goiters or patients in
whom autoimmune thyroid disease is suspected. Routine cal-
citonin measurement is not recommended for patients with
thyroid nodules but is used to follow discase activity in
patients with medullary thyroid cancer and should be consid-
ered in persons with a family history of medullary thyroid can-
cer. This test also should be considered in patients with
MEN?2 (or related disorders) or symptoms suggestive of this
disease. The serum thyroglobulin level is the primary tumor
marker in patients with well-differentiated thyroid cancer who
have had thyroidectomy and radioactive iodine ablation.

Thyroid ultrasonography is the imaging test of choice in
patients with palpable thyroid nodules and enables accurate
detection and sizing of all nodules in the thyroid gland.
Ultrasound characteristics are used to further delineate can-
cer risk in any detected nodule (Table 20). Additional char-
acteristics suggestive of malignancy include size greater than
3 cm, hypoechogenicity, shape taller than wide, irregular infil-
trative margins, microcalcifications within the nodule, and
high intranodular vascular flow. Nodules that are purely cys-
tic with a surrounding hypolucency (halo) or peripheral vas-
cular flow are less likely to harbor cancer. Although ultra-
sound findings have reasonable specificity, they have poor
sensitivity for predicting thyroid cancer and cannot by them-
selves be used to determine the presence or absence of can-
cer. CT and MRI without contrast are not routinely used but
may sometimes be indicated, as in the presence of a subster-
nal goiter, cervical lymphadenopathy, or tracheal compres-
sion, Use of intravenous dye with CT scans should be
avoided, if possible, because this dve may induce hyperthy-
roidism in a patient with a multinodular goiter or interfere

TABLE 20. Ultrasound Characteristics of Thyroid
Nodules

| Cancerous Nodules Benign Nodules !

| Microcalcifications Comet tail |

|
Increased intranodular

Increased peripheral nodule
vascularity

vascularity
Hypoechogenicity Hyperechogenicity [

Irregular border Halo present

| Taller than wide Pure cyst
(sagittal view) ‘
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with other tests (such as an isotope radionuclide scan) or
treatments.

A thyroid scan and RAIU test are appropriate in the pres-
ence of a suppressed serum TSH level because a toxic nodule
(or toxic multinodular goiter) may be present.

FNA biopsy, performed either by nodule palpation or
under ultrasonographic guidance, is essential in the evalu-
ation of thyroid nodules. This procedure, when performed
correctly, is a safe, simple, and relatively inexpensive
method of determining the presence of cancer in a nodule.
Its sensitivity is approximately 95%, with a false-negative
rate of approximately 4%, depending to some extent on the
nodule size. FNA biopsy is recommended for any nodule
greater than 1 cm in diameter that is solid and hypoechoic
on ultrasonography and for any nodule 2 c¢m or greater
that is mixed cystic-solid without worrisome sonographic
characteristics Consideration of biopsy may be appropriate
for smaller nodules (at least 5 mm in diameter) in patients
with risk factors, such as a history of radiation exposure, a
family or personal history of thyroid cancer, cervical lym-
phadenopathy, or suspicious ultrasound characteristics.
FNA biopsy is not routinely recommended for thyroid
nodules less than 1 em in diameter. Because large nodules
(>4 cm) may be associated with sampling error, resampling
of such nodules in the future is prudent, even when the
nodule remains stable in size.

Patients with nodules greater than 4 cm who have asso-
ciated worrisome clinical findings (such as abnormal cervical
lymphadenopathy or hoarseness), radiologic features (such as
a history of external radiation to the neck; see also Table 20),
or laboratory findings but benign results of FNA biopsy can
be considered for thyroidectomy. The Bethesda classification
system has six possible cytopathologic diagnoses: (1) benign
nodule, (2) malignant nodule, (3) nondiagnostic sample, (4)
nodule suspicious for malignancy, (5) follicular neoplasm, and
(6) follicular lesion of undetermined significance. The last
three diagnoses imply an increased risk of malignancy, even
though clearly malignant cells were not detected, and surgery
is typically recommended to allow for histologic evaluation.
Histopathologic analysis yiclds a diagnosis of frank malig-
nancy in approximately 15% to 30% of these surgical samples.

Benign nodules should be monitored by periodic neck
examination and ultrasonography (every 6-18 months), with
repeat FNA biopsy recommended if the nodule has significant
growth in the interval (50% by volume or 20% in two dimen-
sions) or when subsequent ultrasound or clinical findings are
suspicious. If the nodules are stable in both size and ultra-
sound characteristics after ar least 18 months, the timing of
clinical evaluation and ultrasonography could be extended to
longer intervals (every 3-5 years).

Malignant nodules require prompt surgical removal.
Surgical complications of thyroidectomy include hypo-
parathyroidism and recurrent laryngeal nerve paresis. The
lowest complication rates are associated with thyroid surgery



performed by expericnced thyroid surgeons at large-volume
medical centers.

The previous practice of giving patients levothyroxine to
shrink thyroid nodules has been abandoned because of its
inefficacy, the usefulness of FNA biopsy, and the morbidities
associated with iatrogenic thyrotoxicosis.

KEY POINT

e In the evaluation of thyroid nodules that may be
malignant, ultrasonography is recommended for
imaging, followed by fine-needle aspiration biopsy for
nodules larger than 1 cm in diameter.

Goiters

Multinodular Goiter

Multinodular goiters are more frequent with advancing age,
iodine deficiency, and Hashimoto disease. Cancer risk is the
same for a thyroid gland with a solitary nodule or with mul-
tiple nodules (approximately 5%-10%), and thus evaluation
and management of multiple nodules also is basically the
same as for a solitary nodule. In a multinodular gland, nod-
ules with suspicious ultrasound characteristics are preferen-
tially chosen for biopsy; in the absence of suspicious charac-
teristics (see Table 20), the largest nodules are chosen for
biopsy. Large multinodular goiters, especially those with a
substernal extension, may present with local compressive
symptoms, such as dysphagia, hoarseness, or even dyspnea.
To confirm the presence and quantify the severity of mass
effect caused by a multinodular goiter, barium swallow,
direct vocal cord visualization, spirometry with flow volume
loops, or neck and chest CT without contrast may be nec-
essary. In select circumstances, radioactive iodine can be
used to shrink (to a limited degree) a multinodular goiter
but is not the first-line option in the United States, except
in patients with thyrotoxicosis due to autonomous function.
Thyroid surgery may be indicated if (1) local compressive
symptoms arc prominent and clinically significant, (2) malig-
nancy is suspected, or (3) cosmetic intervention is desired by
the patient.

Simple Goiter

A simple goiter is the presence of an enlarged thyroid gland
without nodules. Dyshormonogenesis occasionally causes
a simple goiter. On ultrasound, simple goiters can be
homogeneous or heterogencous. Patients with asympto-
matic, stable simple goiters can be serially monitored clin-
ically, but serial ultrasound in not recommended because of
the lack of nodular disease. Primary thyroid lymphoma,
which is rare and more likely to occur in older patients with
Hashimoto thyroiditis, can present as a symptomatic rap-
idly enlarging goiter, usually with a very firm texture and
often with systemic symptoms associated with temperature
clevation. ENA biopsy of rapidly expanding firm goiters is
recommended.
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KEY POINT

® Barium swallow, direct vocal cord visualization,
spirometry with flow volume loops, or neck and chest
CT without contrast may be necessary to confirm the
presence of and quantify the severity of mass effect
caused by a multnodular goiter.

Thyroid Cancer

More than 95% of thyroid cancer is well difterentiated and
typically associated with long-term survival and low morbid-
ity. The major forms of thyroid cancer are papillary (85%), fol-
licular (10%), and medullary (4%); approximately 1% consists
of poorly differentiated aggressive types, like anaplastic. Even
less frequent are primary thyroid lymphoma and metastases to
the thyroid of other cancers, such as breast cancer, kidney can-
cer, and melanoma. Medullary thyroid cancer can be a com-
ponent of MEN2A and can be associated with hyperparathy-
roidism with hypercalcemia and hypertension due to a
pheochromocytoma. Medullary thyroid cancer typically is
characterized by plasmacytoid, spindle, round, or polygonal
cells on biopsy. All patients with medullary thyroid cancer
should have RET proto-oncogene sequencing after other
appropriate evaluation, including measurement of plasma free
metanephrine and normetanephrine levels to detect or
exclude the presence of a pheochromocytoma.

Staging and prognosis of well-differentiated thyroid can-
cer (papillary and follicular) are based on American Joint
Committee on Cancer criteria, which include age (<45 or 245
vears), primary tumor size, local and distant metastases, and
capsular and lymphovascular invasion. In brief, in patients
vounger than 45 years, stage I disease includes thyroid cancer
of any size, with or without cervical lymph node involvement
and without distant spread; stage II refers to patients who
have distant spread of discase. In patients 45 years and older,
stage 1 thyroid cancer denotes tumors 2 cm or less in size
without local invasion or positive cervical lymph nodes, stage
I denotes tumors greater than 2 cm but no more than 4 cm
in size without local invasion or positive cervical lymph
nodes, stage 111 denotes tumors larger than 4 ¢m in size with
slight local invasion with or without cervical lymph node
involvement, and stage IV denotes thyroid cancer that either
has invaded nearby neck strucrures or superior mediastinal
lymph nodes or may or may not have invaded local tissues or
lymph nodes but has spread to distant sites.

Patients with stage I and IT discase tend to do very well,
with patients younger than 40 years having a less than 2%
mortality rate at 30 years. Patients with stage III and IV dis-
case have 10-year survival rates of approximately 82% and
38%, respectively. Treatment of well-differentiated thyroid
cancer involves a combination of thyroidectomy, radioactive
iodine therapy, and suppression of TSH secretion with
levothyroxine therapy. Radioactive iodine therapy frequently
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is administered for stage IIT and IV disease, especially with
lymph node involvement, to decrease the risk of recurrence
and death.

The extent of thyroid gland removal required varies and
generally depends on tumor size, with solitary tumors less
than 1 em in diameter generally effectively managed by
lobectomy. Patients with larger tumors, multifocal disease,
known cervical lymph node metastasis, and a history of irra-
diation are best treated with total or near-total thyroidec-
tomy. Suppression of TSH secretion has been associated
with long-term improvement in morbidity and mortality in
patients with stage IIT and IV discase. The degree of TSH
suppression targeted varies with risk of recurrence and is
bascd on several factors, including stage of disease, presence
of residual tumor, time since original diagnosis, and patient
tolerance of TSH suppression.

The 2009, American Thyroid Association Guidelines
regarding thyroid cancer recommended that patients with
persistent discase should have a goal TSH level of less than
0.1 microunit/mL (0.1 milliunit/L). Patients who are cur-
rently discase free but at high risk of recurrence should have
a goal TSH level of 0.1 to 0.5 microunit/mL (0.1-0.5 milli-
unit/L) for 5 to 10 years, and those who are discase fiee and
at low risk of recurrence should have a goal TSH level of 0.3
to 2.0 microunits/mL (0.3-2.0 milliunits/1.).

KEY POINT

® Treatment of well-differentiated thyroid cancer
involves a combination of thyroidectomy, radioactive
iodine therapy, and suppression of TSH secretion
with levothyroxine therapy.

Effects of Nonthyroidal Iliness
on Thyroid Function Tests

Nonthyroidal illness can alter the results of thyroid function
tests, an effect referred to as the euthyroid sick syndrome,
which is more common in critically ill patients but can occur
in more stable hospitalized patients. Most commonly, T, lev-
els decline sharply, and reverse T, (an inactive thyroid hor-
mone metabolite) levels increase. Free T, levels typically
decrease but remain in the reference range. A frankly low
free T, level is usually seen in critical illness and is a poor
prognostic indicator. The TSH response is less consistent,
with low, normal, and elevated levels reported. However, in
a patient with a nonthyroidal illness only, it is unusual for
TSH levels to become undetectable or increase to greater
than approximately 10 microunits/mL (10 milliunirs/L)
because these elevated TSH levels suggest the presence of
primary hypothyroidism.

Cytokines and various other inflammatory mediators
released during systemic illness also play a role in euthyroid
sick syndrome. The thyroid hormone patterns seen in non-
thyroidal illness appear to be an adaptive response to mitigate
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catabolism associated with severe physiologic stress and pro-
vide a protective effect by way of transient central hypothy-
roidism. Intervention with thyroid hormone therapy has not
proved beneficial and is not indicated in patients with altered
thyroid function test results most likely caused by nonthy-
roidal illness. Almost all patients have a normal TSH level
after their recovery, and all thyroid hormone levels typically
normalize by 8 weeks after recovery. [

KEY POINT

* Nonthyroidal illness (usually severe) can alter thyroid
function test results, an effect known as euthyroid
sick syndrome; results usually normalize by 8 weeks
after recovery from the illness.

Thyroid Function and Disease in
Pregnancy

Abnormal thyroid function during pregnancy can greatly
affect the health of both mother and fetus. Elevated estrogen
levels increase the TBG level, which increases the total T, and
T, levels. To compensate for the increase in the TBG level and
altered T, and T, kinetics and to keep the free T, level stable,
women who take levothyroxine for hypothyroidism usually
require an increased dosage (approximately 30%-50%) during
pregnancy. Increasing the levothyroxine dosage at the start of
pregnancy or early in pregnancy is recommended to antici-
pate this increased requirement, maintain normal maternal
thyroid function, and provide adequate thyroid hormone to
the fetus,

During the first trimester of pregnancy, increased levels
of human chorionic gonadotropin (HCG) can stimulate thy-
roid hormone production by way of cross-reactivity with the
TSH receptor because of the common o-subunit shared by
HCG and TSH. Serum TSH levels may decrease to low-nor-
mal or even below-normal ranges in the first trimester, but
this is rarely associated with thyrotoxicosis. The TSH level
slowly increases to normal by 16 weeks’ gestation.

Maternal or fetal thyroid hormone deficiency can nega-
tively affect fetal neurocognitive development. The goal TSH
level during the first wimester is approximately 0.1 to 2.5
microunits/mL (0.1-2.5 milliunits/L); in the second and
third trimesters, it is approximately 0.1 to 3.0 microunits/m]I.
(0.1-3.0 milliunits/L). The value of general prenatal mater-
nal evaluation of thyroid function is still debated. At a mini-
mum, thyroid function tests should be obtained in patients
with strong risk factors for thyroid discase, and close moni-
toring is required in those with a known history of a thyroid
disorder. In women planning pregnancy who have known
hypothyroidism, the TSH level should be maintained at 0.5
to 2.5 microunits/mL (0.5-2.5 milliunits /L) during the pre-
conception period.

Pregnant women receiving thyroid replacement ther-
apy should have their thyroid hormone starus monitored



frequently to assess the effect of levothyroxine dose adjust-
ments. Levothyroxine requirements increase in most patients
with hypothyroidism during pregnancy. The levothyroxine
dosage can be increased by giving two extra doses a week.
Another reasonable approach is to attempt to maintain the
TSH level at less than 2.5 microunits/mL (2.5 milliunits /L)
by making frequent adjustments to the dosage, as dictated by
the results of laboratory studies every 2 weeks during the first
half of pregnancy and every 4 to 6 weeks during the second
half. The increased levothyroxine requirements occur mainly
in the first trimester of pregnancy.

Because some symptoms of thyrotoxicosis (tachycardia,
heat intolerance, fatigue) overlap with symptoms of normal
pregnancy, changes in thyroid functon test results associated
with normal pregnancy may be difficult to discern from true
thyrotoxicosis. Compounding this difficulty is the con-
traindication during pregnancy (and in women who are
breastfeeding) to some diagnostic techniques, such as thyroid
scans and radioiodine uptake tests, to avoid radiation expo-
sure of the fetus. The presence of a moderate goiter or oph-
thalmopathy can indicate the presence of Graves discasc.
Although HCG-mediated TSH receptor stimulation tends to
resolve by 16 wecks’ gestation, changes of primary thyroid
disease persist longer, albeit with some improvement. When
truc hyperthyroidism is diagnosed during pregnancy, prompt
referral to an endocrinologist and a high-risk obstetrician is
recommended.

e Thyroid scans and radioactive iodine uptake testing
are contraindicated in pregnant patients and in
patients who are breastfeeding or have done so
recently.

m Thyroid Emergencies

Whereas most thyroid conditions are not urgent, thyroid
storm and myxedema coma are life-threatening condidons
that require prompt diagnosis and intervention, typically in
consultation with an endocrinologist.

Thyroid Storm

Thyroid storm is a life threatening condition that presents as
severe thyrotoxicosis, coupled with secondary systemic
decompensation. This disorder can be differentiated from
other forms of thyrotoxicosis by the presence of temperature
elevation, significant tachycardia, heart failure, gastrointesti-
nal disorders, diarrhea, nausea, vomiting, and sometimes
jaundice. Neurologically, agitation and disorientation can
occur. Thyroid storm most commonly occurs in Graves dis-
ease and has a higher frequency in younger women, but it also
can be due to a toxic adenoma or multinodular goiter. This
disorder can occur in long-standing, untreated hyperthy-
roidism but usually is precipitated by an underlying condition,
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such as surgery, infection, trauma, parturition, acute iodine
exposure, radioactive iodine ('3'I) therapy, or ingestion of
medications, including salicylates and pseudoephedrine. Signs
include marked hyperthermia, marked sinus and supraven-
tricular tachycardia, severe mental status changes (from psy-
chosis to coma), features of heart failure (such as pulmonary
edema), and gastrointestinal and hepatic abnormalities (such
as nausea and vomiting, jaundice, hepatic failure).

Successful treatment of thyroid storm reduces thyroid
hormone production and secretion by the thyroid gland,
decreases peripheral conversion of T, to bioactive T,
addresses associated adrenergic and thermoregulatory
changes, treats all precipitating factors, and aggressively
reverses any systemic decompensation. Definitive therapy for
the causative thyroid disorder should be considered when the
patient is stable. A combination of antithyroid drugs (propyl-
thiouracil or methimazole), iodine solution, high-dose corti-
costeroids, B-blockers, and (rarely) lithium are used for treat-
ment. Compared with atenolol and methimazole,
propranolol and propylthiouracil have a slight added benefit
of reducing T, to T, conversion, although the clinical bene-
fits of this advantage are not clear because high-dose corti-
costeroid therapy is a potent inhibitor of this conversion.
Intravenous corticosteroids also are routinely administered
until it is clear that endogenous adrenal function is adequate
to ensure that adrenal insufficiency is not present or has not
been precipitated by levothyroxine therapy. Even with aggres-
sive therapy and supportive measures, mortality rates are as
high as 15% to 20%. G

e Therapeutic interventions for thyroid storm are a
combination of antithyroid drugs, iodine solution,
corticosteroids, f-blockers, and (rarely) lithium.

Myxedema Coma
A severe manifestation of hypothyroidism, often to the point
of systemic decompensation, myxedema coma is potentially
life threatening, especially without prompt diagnosis and
treatment. Myxedema coma occurs more frequently in
women than men and in older adult patients. Onset is usu-
ally insidious. This disorder usually is seen in patients with a
history of hypothyroidism, thyroidectomy, or radioactive
iodine therapy. Primary hypothyroidism accounts for greater
than 95% of all occurrences, but episodes also have been
reported in patients with central hypothyroidism.
Precipitating factors are numerous and varied, including
chronic poor (or no) adherence to daily thyroid hormone
replacement therapy, stroke, heart failure, myocardial infarc-
tion, infection, metabolic disturbances, cold exposure (more
common in the winter), trauma, gastrointestinal bleeding,
acidosis, and hypoglycemia.

The two most common findings of myxedema coma are
mental status changes and hypothermia. Mental status changes

39



CONT.

Disorders of the Adrenal Glands

occur in greater than 90% of patients and can manifest as
lethargy, stupor, coma, or sometimes psychosis (“myxedema
madness”). Hypothermia (temperature less than 34.4 °C
[94.0 °F]) occurs in 88% of patients; the lower the temperature,
the worse the prognosis. Virtually all organ systems and bio-
chemical pathways are slowed by myxedema coma.
Hypoventilation leading to hypoxemia and hypercapnia are also
common findings, as are (to a lesser degree) bradycardia,
hypotension, hyponatremia, and hypoglycemia. The mortality
rate of myxedema coma is high (20% or greater). Older patients
generally do worse, as do patients with evidence of severe illness
(high Acute Physiology and Chronic Health Evaluation
[APACHE] Scale score, low Glasgow Coma Scale score).

If myxedema coma is suspected, the TSH and free T, lev-
els should be checked promptly. The diagnosis is made clini-
cally, but the TSH level is typically markedly clevated and the
free T, level is usually low. A random cortisol level also should
be obtained to assess for concomitant adrenal insufficiency.

No consensus exists about the most effective thyroid hor-
mone replacement regimen for myxedema coma. Intravenous
levothyroxine has traditionally been administered, with an ini-
tial bolus of 200 to 500 micrograms followed by daily doses
between 50 and 100 micrograms until transition to oral
administration is feasible. These relatively high doses of
levothyroxine are recommended to replenish the depleted tis-
sue stores of thyroid hormone. However, they may be associ-
ated with cardiac irregularities and should be used cautiously,
with a more common starting dose of 100 to 200 micrograms
used, especially in patients with known or suspected cardiac dis-
orders. Supplementation with liothyronine (oral or intra-
venous) at doses between 5 and 10 micrograms twice daily has
been proposed but is controversial, especially because a defin-
itive benefit of this therapy has not been shown. If liothyronine
is used, it should be administered cautiously in lower doses and
in combination with levothyroxine. If high doses of levothy-
roxine are administered for myxedema coma (or any severe
hypopituitarism), concurrent treatment with high-dose gluco-
corticoids (such as hydrocortisone) is recommended untl
adrenal insufficiency is excluded and appropriate adrenal func-
tion is confirmed. As with thyroid storm, all underlying pre-
cipitating conditions must be addressed. ]

Disorders of the Adrenal
Glands

Adrenal Insufficiency

Physiologic Regulation of Adrenal Function

The three layers of the adrenal cortex secrete three distinct
classes of corticosteroids under separate regulatory mecha-
nisms (Figure 6). Cortisol is the primary glucocorticoid and
is produced by the zona fasciculata; dehydroepiandrosterone
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FIGURE 6. Regulation of hypothalamic-pituitary-adrenal function and the
renin-angiotensin system. Top, hypothalamic secretion of CRH is mediated by
several neurotransmitters in response to changes in stress levels and circadian
rhythm. ACTH stimulates the zona fasciculata of the adrenal cortex to synthe-
size cortisol, which in turn feeds back centrally by negatively inhibiting CRH
and ACTH secretion. ACTH also stimulates zona reticularis to synthesize the
adrenal androgens DHEA and DHEAS, but these hormones do not participate
in the feedback mechanism. Bottom, regulation of the renin-angiotensin sys-
tem involves aldosterane being secreted by the outermost layer of the adrenal
cortex (zona glomerulosa) as a result of angiotensin Il stimulation. The site of
action of commonly used drugs that interfere with the system is shown. ACTH
= adrenocorticotropic hormone; ARB = angiotensin receptor blocker; CRH =
corticotropin-releasing hormone; DHEA = dehydroepiandrosterone; DHEAS =
DHEA sulfate.

(DHEA) and its sulfated form, DHEA sulfate (DHEAS), are
the primary adrenal androgens and are produced by the zona
reticularis. The production of these corticosteroids is tightly
controlled by pituitary secretion of adrenocorticotropic hor-
mone (ACTH), which, in turn, is regulated by hypothalamic
secretion of corticotropin-releasing hormone (CRH).



Secreted cortisol provides negative feedback on pituitary syn-
thesis of ACTH and hypothalamic synthesis of CRH. This
integrated system keeps cortisol secretion tightly controlled.
The adrenal androgens DHEA and DHEAS do not partici-
pate in negative feedback on pituitary and hypothalamic
secretion. Aldosterone, the primary adrenal mineralocorti-
coid, is produced by the zona glomerulosa and is regulated by
the renin-angiotensin system. Renin, an enzyme secreted by
the kidney, regulates the conversion of angiotensinogen to
angiotensin I. Angiotensin I is converted into angiotensin 11,
which stimulates aldosterone secretion.

Description, Causes, and Diagnosis of Adrenal
Insufficiency

Adrenal insufficiency is a clinical and biochemical entity char-
acterized by partial or complete loss of secretion of adrenocor-
tical steroids (corticosteroids). Discases involving the adrenal
glands themselves, such as autoimmune adrenalitis, lead to pri-
mary adrenal insufficiency, in which secretion of all corticos-
teroids (aldosterone, cortisol, DHEA, and DHEAS) is
impaired. In contrast, central adrenal insufficiency is caused
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cither by ACTH secredon by a discase process that destroys the
pituitary corticotrophs (sccondary adrenal insuthiciency) or by
a hypothalamic disease that destroys the cells secreting CRH
(tertiary adrenal insufficiency). Distinguishing between the
secondary and tertiary forms of the disease can be difficult.
The most common cause of adrenal insufficiency in
adults is the use of exogenous glucocorticoids administered
chronically for their anti-inflammatory effect in the treatment
of other medical conditions. Chronic glucocorticoid use
leads to suppression of CRH and ACTH secretion centrally
and, ultimately, to atrophy of the zona fasciculata and zona
reticularis in the adrenal glands, with impairment of their abil-
ity to secrete physiologically regulated cortisol, particularly
under stress conditions. Secretion of aldosterone from the
zona glomerulosa is not affected because it is under control
of the renin-angiotensin system. Common causes of primary
and central adrenal insufficiency are shown in Table 21.
The clinical manifestations of adrenal insufficiency are
often insidious, with fatigue and malaise being the dominant
symptoms (Table 22); a high degree of clinical suspicion may
be needed to pursue the diagnosis in the presence of subtle

TABLE 21. Causes of Adrenal Insufficiency
|

Primary Adrenal Insufficiency

Central Adrenal Insufficiency \

|

‘ Autoimmune adrenalitis

| Infection (tuberculosis, mycosis, bacterial, HIV-associated)
‘ Metastatic cancer

Adrenal hemorrhage (acute disease)

| Medications (such as etomidate, ketoconazole,
\ mitotane, and metyrapone)

|

|

Cranial irradiation ]
1

|

\

|

\

]

Exogenous glucocorticoid therapy

Hypothalamid/pituitary diseases or surgery

Chronic administration of drugs with glucocorticoid activity (such as megestrol)

TABLE 22. Characteristics of Adrenal Insufficiency
Deficiency Type of Adrenal Symptoms Signs Crucial Additional
‘ Insufficiency Laboratory Laboratory
Findings Findings
Cortisol Primary and central ~ Fatigue, nausea,  Hyperpigmentation Low basal serum Hyponatremia;

anorexia, weight
loss, abdominal
pain, arthralgias,
low-grade fever

(in primary disease
only),® slight decrease
in blood pressure
(unless cortisol
deficiency is complete)

Aldosterone Primary Salt craving, Hypotension,
postural dizziness dehydration

Adrenal Primary and Decreased libido  Decreased pubid/

androgen central axillary hair (only in

women)

cortisol level (<5 pg/dL
[138 nmol/L]) with
suboptimal response
(<18.0 pg/dL

[497 nmol/L]) to
cosyntropin; high
plasma ACTH level

(in primary disease
only)

Low serum aldosterone

level and high plasma
renin activity

Low serum DHEA and
DHEAS levels

normal potassium
level; azotemia;
anemia; leukopenia,
with high percentage
of eosinophils and
lymphocytes;
hypoglycemia

Hyponatremia;
hyperkalemia

ACTH = adrenocorticotropic hormone; DHEA = dehydroepiandrosterone; DHEAS = dehydroepiandrosterone sulfate; ug = microgram(s).

aResults from Increased secretion of ACTH and its precursor, pro-cpiomelanocortin. An increase in the latter leads to increased secretion of one of its products, melanocortin-stimulating hor-

L

mone, which causes the hyperpigmentation.
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systemic symptoms. However, adrenal insufficiency also may
present dramatically, as in addisonian crisis, in which hypoten-
sion and vascular collapse predominate. This presentation can
be precipitated by severe stresses, such as concurrent illnesses
or surgical procedures. Adrenal crisis is most common with
primary adrenal insufficiency in which loss of both glucocor-
ticoids and mineralocorticoids occurs and leads to vascular
instability; it is less common in patients with secondary adre-
nal insufficiency (except under extreme circumstances)
because the renin-aldosterone system is usually intact and
profound hypotension and hypovolemia do not occur.
Adrenal insufficiency should be suspected in patients with
suggestive signs or symptoms, especially those at increased risk
for the disease (see Table 22). Adrenal insufficiency is diag-
nosed by demonstrating a low basal serum cortisol level that
does not increase appropriately after stimulation with the
ACTH analogue cosyntropin. Random serum cortisol levels
vary, depending on the time of day, because of the pulsatile
nature of ACTH secretion and the normal diurnal variation of
cortisol levels (with the highest levels occurring in the morn-
ing and lowest in the evening). Random levels also fluctuate
with the degree of physical stress present at the time of meas-
urement. Assays for serum cortisol measurement determine
the total (protein-bound and free) cortisol level. Because
greater than 90% of the cortisol in the circulation is protein
bound (to corticosteroid-binding globulin and albumin), an
increase in binding proteins (as occurs during pregnancy or
with estrogen therapy) results in increased serum cortisol lev-
cls without altering the physiologically important free hor-
mone levels. Similarly, patients with hypoproteinemia have
lower total serum cortsol levels despite having normal serum
free cortisol levels. This becomes clinically relevant in critically
ill patients who are hypoproteinemic (see later discussion).
When primary adrenal insufficiency is present, serum cor-
tisol and aldosterone levels are low, but plasma renin activity

and ACTH levels are increased. A minimal or no increase in the
serum cortisol level from bascline in response to cosyntropin
stimulation, preferably performed in the morning, confirms
the diagnosis. Healthy persons increase their serum cortisol lev-
cls to greater than 18.0 micrograms/dL (497 nmol /L) after
cosyntropin, 250 micrograms intravenously, is administered.
Patients with central adrenal insufficiency have low plasma
ACTH levels and normal aldosterone levels. Using a lower
dose of cosyntropin (1 microgram instead of 250 micrograms)
results in a modest increase in the plasma ACTH level that is
similar to that achieved during insulin-induced hypoglycemia
and, therefore, improves the diagnostic accuracy of the test in
patients with central adrenal insufficiency. Serum levels of
DHEA and DHEAS are characteristically low in both primary
and central adrenal insufficiency.

Ifa diagnosis of central adrenal insufficiency is suspected
on the basis of biochemical findings, imaging of the pituitary
gland (preferably with MRI) should be performed to exclude
other possible causes, such as a pituitary adenoma and any
other sellar or perisellar mass.

Treatment of Adrenal Insufficiency

The goal of adrenal insufficiency treatment is to offer appro-
priate hormone replacement that closely mimics physiologic
conditions, whenever possible, and to educate patients about
their discase and the need to adjust their dosages with con-
current illnesses in order to avoid repeated hospital admis-
sions and potential development of adrenal crises. Patients
with primary adrenal insufficiency require glucocorticoid and
mineralocorticoid replacement, but those with central disease
need glucocorticoid replacement only. [£]

Although several agents are available for glucocorticoid
replacement (Table 23), many endocrinologists prefer using
hydrocortisone. The advantages of hydrocortisone are that it
is identical to the natural product, has a shorter half-life, and

TABLE 23. Glucocorticoid Replacement Therapy in Adrenal Insufficiency

| Condition Hydrocortisone

Prednisone Dexamethasone ‘

| Physiologic daily dosing 15-25 ma/d orally in three divided
doses at 8 am (7.5-12.5 mg),

12 pm (5-7.5 mg) and 6 pPm (2.5-5 mg)

30-50 mg/d orally in three
doses for 2-3 days

45-75 mg/d orally or IV in three
to four divided doses for 2-3 days

Minor stress (such as
cold symptoms)

Moderate stress (such as
a minor/moderate surgical
procedure)

Severe stress (such as a
| major surgical procedure,
sepsis)

100-150 mg/d IV in four divided
doses for 1 day; taper to
physiologic dose over 3-5 days

150-200 mg/d IV in four divided
doses; taper as clinically tolerated

Septic shock, severe
inflammatory process

3-5 mg/d orally in two divided
doses at 8 am (2-3 mg) and
3pm(1-2 mg)

0.375 to 0.75 mg/d orally
in one dose or preferably [
as two divided doses 1

8-15 mg/d orally in two
divided doses for 2-3 days

15-20 mg/d orally or IV (as
prednisolone) in two or three
divided doses for 2-3 days; hydrocortisone can be used |
hydrocortisone can be used instead j
instead i
\

1-2 mg/d orally in two
divided doses for 2-3 days

2-3 mg/d orally in two |
divided doses for 2-3 days; ‘

Follow hydrocortisone regimen  Follow hydrocortisone

regimen

Follow hydrocortisone ‘
regimen

Follow hydrocortisone regimen

I
| IV =intravenously.
|

| —
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can be tightly titrated more easily to mimic normal cortisol
secretion (with higher morning doses and lower afternoon
and evening doses). Longer-acting medications, such as pred-
nisone and dexamethasone, are often given once daily and are
more convenient for patients, although they are susceptible to
metabolism that may vary from one patient to the next, which
makes optimal dosing more difticult. Whichever preparation
is used, daily replacement doses should be titrated to mini-
mize symptoms of underreplacement and adjusted to avoid
overreplacement, which leads to iatrogenic Cushing syn-
drome. Educating patients about their illness and the need for
dose adjustments (increases) with intercurrent illnesses (“sick
day rules”; see Table 23) is crucial, and they should be advised
to wear medical alert identification indicating their diagnosis
and dependence on glucocorticoid replacement therapy.

The standard drug for mineralocorticoid replacement
therapy in patients with primary adrenal insufficiency is flu-
drocortisone, 0.05 to 0.1 mg,/d. Patients with ¢ither primary
or central adrenal insufficiency are deficient in adrenal andro-
gen, but androgen replacement therapy is not essential for
survival, and the data are not clear that replacement offers a
clear benefit.

Adrenal Function During Critical lliness

In healthy persons, glucocorticoid secretion is increased dur-
ing critical illness, generally in proportion to the degree of
stress associated with the illness. In patients with adrenal
insufficiency, therefore, glucocorticoid replacement doses
should be increased during stresstul events (see Table 23).

Testing for adrenal insufficiency during critical illness occa-
sionally can be difficult. In patients with critical illness and
hypoproteinemia, measured serum cortisol levels often appear
lower than they would be otherwise. Despite this limitation,
adrenal funcdon testing in these patients continues to rely on
serum total cortisol measurements because determination of the
free fraction is not available for clinical use in a timely manner,
True adrenal insufficiency is not common in critically ill patients
but should always be considered in those at increased risk.
Because no agreed upon diagnostic criteria or indications for
treatment of adrenal insufficiency in critical illness exist, estab-
lishing the diagnosis is difficult, as is knowing when to weat. A
random serum cortisol level greater than 15 micrograms/dL
(414 nmol/L) in a critically ill patient and a level greater than
12 micrograms/dL (331 nmol /L) in a critically ill patient who
has hypoproteinemia (serum albumin level <2.5 g/dL [25
g/L]) make the diagnosis of adrenal insufficiency unlikely.

A stimulation test, with cosyntropin for example, is not
necessary in patients during critical illness because they are
already stimulated by their stressful illnesses. Some critically ill
patients, such as those with septic shock, might develop severe
protracted hypotension that is unresponsive to standard therapy.
Most, if not all, of these patients have elevated serum total and
free cortisol levels and lack other biochemical features of adre-
nal insufficiency. The term “relative” adrenal insufficiency

Disorders of the Adrenal Glands

continues to be mistakenly used by some to refer to a presen-
tation such as this. High-dose hydrocortisone therapy given to
patients with septic shock has not been shown to influence mor-
tality but may result in a faster reversal of shock. This therapy,
which may be associated with adverse effects, is thus directed
not at treating adrenal dysfunction, but rather at controlling the
associated overwhelming inflammatory response. [

KEY POINTS

e The most common cause of central adrenal insufficiency
is adrenocorticotropic hormone suppression resulting
from exogenous glucocorticoid replacement therapy.

e Primary adrenal insufficiency should be suspected
when serum cortisol and aldosterone levels are low
and plasma renin activity and adrenocorticotropic
hormone levels are increased; a minimal or no
increase in serum cortisol level after cosyntropin stim-
ulation confirms the diagnosis.

e Glucocorticoid replacement therapy in primary or
central adrenal insufficiency involves the use of a glu-
cocorticoid (hydrocortisone, prednisone, or dexam-
ethasone), whereas fludrocortisone is used for miner-
alocorticoid replacement therapy in primary adrenal
insufficiency only.

Cushing Syndrome

Cushing syndrome comprises the constellation of signs and
symptoms occurring after prolonged exposure to supraphysi-
ologic doses of glucocorticoids. Although patients with various
illnesses may have cushingoid features, some that should raise
concern for true Cushing syndrome include proximal muscle
weakness, multiple ecchymoses, prominent supraclavicular fat
pads, violaceous striae, hypokalemia, unexplained osteoporosis,
new-onset hypertension, and diabetes mellitus (Figure 7).
Causes of Cushing syndrome are outlined in Table 24, with
the most common being oral, intra-articular, intramuscular,
inhalational, or topical administration of exogenous glucocor-
ticoids for the treatment of various illnesses.

When the diagnosis of Cushing syndrome is suspected,
it should be confirmed or satisfactorily ruled out because of
its association with increased morbidity and mortality. The
diagnosis is made by demonstrating unequivocal evidence of
hypercortisolism, usually through the combination of initial
tests and confirmatory studies, if needed (Figure 8). The
three approaches most often used to evaluate for hypercorti-
solism are (1) assessment of urine free cortisol excretion in a
24-hour period, (2) documentation of loss of feedback inhi-
bition of cortisol on the hypothalamic-pituitary axis with dex-
amethasone suppression testing, and (3) documentation of
the loss of normal diurnal variation in cortisol secretion with
late-night salivary cortisol measurement.

In evaluating patients with clinical features suggestive
of Cushing syndrome, starting with any of the previously
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FIGURE 7. Classic features of Cushing syndrome in a patient with an

adrenocorticotropic hormone—secreting pituitary adenoma. Central obesity
and striae are evident (top). A close-up view of the striae (bottom) reveals
their wide, violaceous nature.

mentioned approaches is appropriate. In general, however,
two of the three tests are needed to confirm the diagnosis.
Measurement of 24-hour urine free cortisol excretion is the
gold standard test for diagnosing Cushing syndrome. A
threefold to fourfold increase over normal values is diagnostic

TABLE 24. Causes of Cushing Syndrome (Hypercortisolism)
Type of Cushing Syndrome?

of Cushing syndrome; if this increase is present, no additional
testing is required. For less dramatic increases, another diag-
nostic approach for hypercortisolism is required, such as the
overnight dexamethasone suppression test or measurement of
a late-night salivary cortisol level. The overnight dexametha-
sone suppression test is performed by obtaining a morning (8
or 9 AM) serum cortisol level after 1 mg of dexamethasone has
been administered at 11 M the night before; a normal
response is generally considered to be a level less than 2
micrograms,/dL (55 nmol /L) in healthy persons. Serum cor-
tisol levels greater than 5 micrograms/dL (138 nmol /L) after
dexamethasone administration the previous night are highly
suggestive of Cushing syndrome. However, values of 2 to 5
micrograms,/dL (55-138 nmol /L) require additional testing.
In interpreting test results, one should consider factors that
may increase corticosteroid-binding globulin levels and thus
falsely increase the serum cortisol level (such as estrogen ther-
apy or pregnancy). Caution also should be exercised in inter-
preting data from this test in patients taking medications that
induce the cytochrome P-450 enzyme system, such as pheny-
toin or phenobarbital, and thereby increase the metabolism of
dexamethasone.

In healthy persons, cortisol secretion exhibits a diurnal
rhythm whereby serum cortisol levels reach a nadir late at night
and peak in the early morning. Because loss of this diurnal
rhythm is a central feature of Cushing syndrome, measurement
of the nighttime cortisol level can be used as a diagnostic test.
Salivary cortisol is in equilibrium with the free cortisol in the
circulation. Thus, the finding of an elevated midnight salivary
cortisol level on at least two separate occasions should raise
concern about the possibility of Cushing syndrome, if the saliva
sample was taken on a quiet, restful night.

Confirmatory testing also is needed when initial studies
are suggestive of but equivocal for hypercortisolism. If not
performed as an initial study, the 24-hour urine free cortisol

Cause

Endogenous
ACTH dependent (75%-80% of patients)

ACTH independent (20%-25% of patients)

Exogenous

ACTH-secreting pituitary adenoma (60%-65% of patients)

Ectopic ACTH secretion by tumors, such as carcinoid tumors (10%-
15% of patients)

CRH-secreting tumors (rare)

Adrenal adenoma (10%-15% of patients)

Adrenal carcinoma (5%-10% of patients)

Prolonged administration of supraphysiologic doses of

glucocorticoid therapy (such as prednisone, dexamethasone,
or hydrocortisone)

Administration of drugs with glucocorticoid activity
(progestational agents, such as megestrol)

ACTH = adrenocorticotropic hormone; CRH = corticotropin-releasing hormone.

levels often are low unless the glucocorticoid used cross reacts in the cortisol assay.
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*Patients with ACTH-dependent Cushing syndrome have hypercortisolism associated with normal or elevated plasma ACTH levels; those with ACTH-independent Cushing syndrome have
hypercortisolism associated with low or undetectable plasma ACTH levels. Patients with exogenous Cushing syndrome have low or undetectable plasma ACTH levels, and their serum cortisol




A. Clinical assessment
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_| Signs and symptoms suggestive

”| of hypercortisolism

B. Initial tests (two recommended)

|

Overnight 1-mg dexamethasone
suppression test

N

24-h urine free
cortisol excretion

C. Confirming the diagnosis (if necessary)

-

24-h urine free cortisol excretion
(>3 times the upper limit

of normal)

1. Plasma ACTH

D. Determining the cause

2. Dynamic tests (not specific)

™

Midnight salivary
cortisol measurement

Dexamethasone
plus CRH

Low-dose 2-day
dexamethasone suppression

Plasma ACTH

ACTH
dependent

/

ACTH-secreting pituitary

\

Y

adenomas

Ectopic ACTH
secretion

E. Imaging studies

'

MRI of pituitary gland

/

N

Evaluate for ectopic
ACTH secretion:
1. CT of chest and abdomen

ACTH
independent
(<5 ng/L)

Adrenal adenoma
versus carcinoma

Y

Confirm with CT or
MRI of adrenal
glands.

2. Octreotide scan

[\ |

Positive Negative "
Pituitary + IPS
surgery i sampling === -

Positive: Get
biopsy and treat.

Negative Adrenal surgery

FIGURE 8. Evaluation of patients with suspected Cushing syndrome. After the diagnosis is suspected, the evaluation goes through five consecutive steps (A-E).
In patients with ACTH-dependent Cushing syndrome who have normal MRIs of the pituitary gland, ectopic ACTH secretion is possible, Inferior petrosal sinus
catheterization can confirm the central source of ACTH secretion in those with negative pituitary MRIs. ACTH = adrenacorticotropic hormone; CRH = corticotropin-

releasing hormone; IPS = inferior petrosal sinus catheterization.

test remains the gold standard confirmatory study. The stan-
dard (as opposed to the overnight) low-dose dexamethasone
suppression test also may also be used as a confirmatory study.
Dexamethasone (0.5 mg) administered every 6 hours for 48
hours typically causes suppression of serum cortisol levels to

less than 2 micrograms/dL (55 nmol/L) and of 24-hour
urine free cortisol excretion to less than 20 micrograms,/24 h
(55 nmol /24 h), with higher levels consistent with Cushing
syndrome. Using a CRH plus desmopressin stimulation test
may be helpful in selected patients with multiple equivocal
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studies for hypercortisolism; however, doing so is expensive
and not a routine test for diagnosing Cushing syndrome.

After hypercortisolism is firmly established, further eval-
uation should explore the cause, whether adrenal, pituitary, or
ectopic. For example, measurement of the plasma ACTH
level can differentiate ACTH-dependent hypercortisolism
(ACTH level is inappropriately normal or clevated, as with a
pituitary adenoma) from ACTH-independent hypercorti-
solism (ACTH level is low [<5 pg/mL {1.1 pmol/L]] or
undetectable, as with adrenal neoplasms). The ACTH level
should be measured simultaneously with the cortisol level.
Other approaches used to determine the cause of hypercorti-
solism include dynamic testing with higher doses of dexa-
methasone (for example, 8 mg/d). The value of the high-
dose dexamethasone suppression test is limited, however,
because of significant overlap in responses observed among
paticnts with different forms of Cushing syndrome.

Imaging studies should be obtained only after biochemi-
cal documentation of hypercortisolism is established. These
studies offer no diagnostic information relevant to Cushing
syndrome but instead aid in localizing any associated tumor.
An MRI of the sella turcica should be obtained in patients with
ACTH-dependent hypercortisolism. However, MRIs are nor-
mal in 40% to 50% of patients with documented ACTH-secret-
ing pituitary adenomas because of the small size of these ade-
nomas. This makes it difficult to differentiate patients with
ACTH-secreting adenomas (75%) from others with cctopic
ACTH secretion on the basis of an MRI. Dynamic contrast-
enhanced pituitary MRI imaging can improve detection in
some cases. Addidonally, a significant overlap exists between
these two entities in terms of their biochemical features and
responsiveness to dexamethasone suppression or other
dynamic testing (such as with CRH). An approach used to
evaluate for a central source of ACTH secretion in patients
with true-negative pituitary MRIs is bilateral inferior petrosal
sinus catheterization with central and peripheral measurements
of plasma ACTH levels simultancously from both sides before
and after CRH stimulation. This test is technically difficult and
should only be performed at experienced centers. Instead of
performing the inferior petrosal sinus catheterization, some
centers with extensive experience in managing Cushing syn-
drome opt to proceed to surgical exploration of the pituitary
gland in patients with normal MRIs who also have normal CT
scans of the abdomen and chest,

In patients with hypercortisolism associated with sup-
pressed plasma ACTH levels, a dedicated CT scan of the adre-
nal glands often shows a tumor (a smaller, homogeneous, more
lipid-rich adenoma versus a larger, more irregular, vascular car-
cinoma). Although differentiating between a cortisol-secreting
adrenal adenoma and a carcinoma is sometimes possible using
clinical, biochemical, and imaging features, histologic confir-
mation of capsular invasion is necessary for larger lesions. The
evaluation and management of suspected Cushing syndrome
should be performed by an experienced endocrinologist.
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The treatment of exogenous Cushing syndrome is to dis-
continue exogenous glucocorticoid replacement therapy
whenever possible by using alternative therapy to treat the
condition in question. Alternatively, if glucocorticoid replace-
ment is necessary, then the smallest dose possible should be
administered cither once daily or every other day in the morn-
ing (9-10 aM). The treatment of endogenous Cushing syn-
drome depends on its cause, with ACTH-secreting pituitary
adenomas (Cushing disease) best treated with pituitary ade-
nomectomy. Immediately after this surgery, patents develop
ACTH deficiency requiring daily glucocorticoid replacement
therapy until endogenous ACTH production resumes, which
can take as long as a year. Patients with residual disease after
pituitary surgery might benefit from stereotactic radiosurgery
and adjuvant medical therapy with drugs that inhibit gluco-
corticoid synthesis (such as ketoconazole or metyrapone) or
are cytotoxic to adrenocortical cells (such as mitotane).

The preferred treatment of Cushing syndrome caused by
cortisol-producing adrenal adenomas and carcinomas is sur-
gical resection of the tumor, preferably through a laparo-
scopic approach. Postoperatively, most patients have resultant
adrenal insufficiency lasting as long as 12 months that
requires daily glucocorticoid replacement for several months.
Although cortisol-secreting adenomas are generally curable
with surgical resection, adrenal carcinomas might not be
totally resectable and can recur. Further treatment of patients
with adrenal carcinomas is discussed later. The treatment of
Cushing syndrome caused by ectopic ACTH secretion should
be directed at the cause, which often is difficult because many
of the tumors secreting ACTH ectopically are malignant.
Patients with these tumors typically have signs and symptoms
of malignancy (weight loss, cachexia, and temporal wasting)
and biochemical features of mineralocorticoid activity, When
cortisol is secreted in large quantities, the mineralocorticoid
activity becomes much more apparent and is associated with
classic features, such as hypertension, hypokalemia, and exces-
sive urine potassium loss. Most patients will require medical
therapy to control their hypercortisolism and may require
bilateral adrenalectomy if medical therapy is ineffective.

® The diagnosis of Cushing syndrome involves demon-
stration of persistent hypercortisolism associated with
poor suppressibility with dexamethasone or loss of
the normal diurnal variation in cortisol secretion.

* For Cushing discase caused by an adrenocorti-
cotropic hormone-secreting pituitary adenoma, ade-
nomectomy is the treatment of choice.

Patients with Cushing syndrome develop transient
adrenal insufficiency (lasting up to 12 months) imme-
diately after surgical removal of any causative tumor
(adrenocorticotropic hormone-secreting tumor or
cortisol-producing adrenal tumor).



Adrenal Incidentaloma

The increasing use of imaging studies tor various medical
indications has revealed otherwise unrecognized adrenal
masses in less than 1% of the population younger than 30
years and up to 7% of the population older than 70 years
(Figure 9). Adrenal masses in younger paticnts are more
likely to be functional and/or malignant than those found
in older patients. Evaluating adrenal masses should address
their potential for malignancy (whether primary or metasta-
tic) and their functional status. Functional tumors originate
from any of the three layers of the adrenal cortex or from the
adrenal medulla and secrete products of the respective por-
tion of the glands.

Initial assessment should include a thorough history and
physical examination to detect any indications of malignant
discase and any clinical evidence of hormone hypersecretion
(Figure 10). Most patients with metastatic cancer of the
adrenal glands have clinical evidence of discase elsewhere.
Imaging characteristics and the phenotype of the mass (size,
CT attenuation, and contrast washout) also provide impor-
tant information relative to the risk of malignancy. The risk of
malignancy (primary or metastatic) is only 2% for masses less
than 4 cm in size but increases to 25% for those 6 ¢cm or
larger. Benign adrenal adenomas generally have a low CT
attenuation (<10 Hounsfield units) and exhibit rapid contrast
medium washout (>50% at 10 minutes). In contrast, a high CT
attenuation (>20 Hounsfield units) and a delay in contrast
medium washout (<50%) are typical of pheochromocytomas

FIGURE 9. CT scan of the abdomen showing a typical incidentally discov-
ered left adrenal mass (thick white arrow) in an asymptomatic man. The nor-
mal right adrenal gland is shown as an inverted Y shape (thin white arrow).
The mass is lipid-rich and has a low attenuation factor (<10 Hounsfield units).
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or malignant lesions. Primary adrenocortical carcinomas are
typically large, have irregular borders, and may include areas
of necrosis. Although imaging characteristics and phenotype
do not predict function, they reliably predict biologic behav-
ior, Similarly, T2-weighted MRIs are usually isointense to the
liver in benign adenomas and hyperintense in adrenocortical
carcinoma, pheochromocytoma, and metastatic discase. For
the up to 15% of adrenal incidentalomas that are bilateral, the
differential diagnosis includes bilateral adrenal hyperplasia and
metastatic cancer.

Nearly 10% of adrenal incidentalomas are functional,
although most have no overt clinical manifestations.
Therefore, testing is usually necessary to identify functional
tumors sccreting catecholamines, cortisol, or aldosterone.
Measurements of urine excretion or plasma levels of cate-
cholamine metabolites (fractionated metanephrines) are good
initial tests for pheochromocytoma, and further testing is rea-
sonable when results are abnormal (see later discussion of
pheochromocytoma). Notably, some patients with incidental
adrenal tumors could have carly-stage pheochromocytoma
and thus may have negative results on biochemical testing,
These patients will have imaging characteristics (high CT
attenuation, delay in contrast medium washout) that raise
concern for pheochromocytoma. Measurements of plasma
ACTH and serum cortisol levels before and after the
overnight administration of dexamethasone (1 mg) are
appropriate initial tests to evaluate for possible cortisol pro-
duction. Plasma ACTH levels are low in patients with corti-
sol-sccreting adrenal tumors. Urine free cortisol measurement
may also be used, cither as an initial study or to confirm
abnormal or equivocal results of a dexamethasone suppres-
sion test. Although the optimal upper range for the serum
cortisol level after dexamethasone administration is debatable
in this clinical setting, most authoritics consider a value of 5
micrograms,/dL (138 nmol /L) or greater to be clearly abnor-
mal. Evaluation for aldosterone-seereting adenomas should
be carried out in patients with hypertension or those with
spontancous hypokalemia by determining the plasma aldos-
terone level and plasma renin activity. Excess adrenal andro-
gen production can be seen in patients with adrenal cancer
and should be evaluated with determination of plasma DHEA
and DHEAS levels, if suggested by the clinical presentation.

Management of an adrenal incidentaloma depends on its
size, imaging characteristics (phenotype), and functional abil-
ities (see Figure 10). Almost all adrenal tumors that are
overtly functional, are larger than 6 ¢m in size, or have unfa-
vorable imaging characteristics should be considered for sur-
gical removal. The one exception is aldosterone-secreting
adenomas, which may not need to be surgically removed
because hyperaldosteronism often can be treated medically.
Pre- and postoperative management of an adrenal inciden-
taloma in patients treated surgically is directed at the func-
tionality of the tumor (see sections on Cushing Syndrome,
Pheochromocytoma, and Primary Hyperaldosteronism).
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Initial evaluation

1. Obtain history and perform physical examination, looking for signs of
malignancy and potential for increased function.

2. Evaluate size and other imaging characteristics (Hounsfield units and
contrast medium washout on CT).

3. Assess MRI characteristics, if available (see text).

4. Evaluate characteristics of the other adrenal gland.

Size assessment

>6 cm

<6 cm

Assessment of other imaging characteristics

’J

Irrespective of the imaging
characteristics

]

Unfavorable?

Favorableb

Evaluation of function

!_—‘ i

Assess hyper- Assess
and function.
hypofunction.

Functional Nonfunctional

Management

‘_1

Surgery, unless
metastasis exists
elsewhere

r_l

Surgery, if
appropriate

Follow-up evaluation

[_J

Observe; consider repeat
screening tests annually for 4
years, sooner if new
symptoms develop; repeat
imaging at 12 months.

’__1

Surgery, if
appropriate

Change in status: Favor surgery. J

No change in status: Observe,

FIGURE 10. Flow sheet showing the evaluation and management of an incidentally discovered adrenal mass. Masses larger than 6 cm are more likely to be

malignant.

“Unfavorable imaging characteristics: high CT attenuation (>20 Hounsfield units), irreqular border, delayed contrast (<50%) washout.

“Favorable imaging characteristics: low CT attenuation (<10 Hounsfield units), smooth contour, rapid (250%) contrast washout.

Consensus exists that patients who have nonfunctional
tumors smaller than 4 cm with favorable imaging characteris-
tics should be followed, although agreement is lacking about
how often tests (hormonal and imaging) should be repeated,
ifatall. CT scans of the adrenal glands (with and without con-
trast) provide anatomic details that are considered by many to
be superior to those obtained by MRI. However, MRI’s lack
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of radiation exposure offers some advantage. Most authorities
suggest CT for follow-up studies unless concerns about
exposure to radiation or contrast material exist. Although
some experts recommend that hormonal evaluation be per-
formed annually for 3 to 4 years, others advocate repeat bio-
chemical testing only when signs or symptoms of hormonal
excess are discovered. A reasonable compromise is to reevaluate



patients for Cushing syndrome and pheochromocytoma at 1
year or at any time a change in clinical manifestations or imag-
ing characteristics occurs. Regarding imaging, a repeat CT
scan should be obtained at least once 6 to 12 months after the
inidal finding, with some advocating repeat imaging at 6, 12,
and 24 months after the tumor is detected.

Testing should be repeated if significant changes in size
or imaging characteristics are noted. Controversy surrounds
the management of nonfunctonal adrenal incidentalomas
that are 4 to 6 cm in size with favorable imaging characteris-
tics. Whereas some advocate surgical removal, others favor a
management scheme similar to that for incidentalomas less
than 4 cm in size.

KEY POINTS

o Assessment of incidentally discovered adrenal masses
should address whether the mass is benign or malig-
nant, primary or metastatic, and functional or non-
functional.

o All adrenal tumors that are functional, are larger than
6 cm in size, or have unfavorable imaging characteris-
tics should be considered for surgical removal.

Pheochromocytoma

Pheochromocytomas are rare tumors (0.1%-0.6% of persons
with hypertension) composed of chromaffin cells that can
secrete biogenic amines (norepinephrine, epinephrine, and
dopamine) and their metabolites. Most pheochromocytomas
secrete predominantly norepinephrine, which results in sus-
tained or episodic hypertension. Less commonly, these tumors
might secrete predominantly epinephrine, which can cause
hypotension. Nearly 90% of pheochromocytomas arise in the
adrenal medulla, and 10% are extra-adrenal, located primarily
along the sympathetic chain (paragangliomas). Approximately
25% of pheochromocytomas are familial and associated with
genetic disorders (such as multiple endocrine neoplasia type 2,
neurofibromatosis 1, and von Hippel-Lindau discase), 10% arc
asymptomatic, and 10% are malignant. The familial forms of
pheochromocytoma tend to occur in multiple sites, are more
likely to recur after surgical resection, and are associated with
other benign or malignant tumors. Genetic testing should thus
be considered in patients with a family history of this tumor, in
those with bilateral or extra-adrenal disease, and in younger
persons with other tumors.

The clinical manifestations of pheochromocytoma vary,
with hypertension (episodic or sustained) observed in greater
than 90% of patients. Other signs and symptoms include
episodes of diaphoresis, pallor, palpitations, headache, hyper-
glycemia, weight loss, arrhythmias (atrial and ventricular fib-
rillation), and (rarely) catecholamine-induced cardiomyopa-
thy. The classic triad of severe headache, diaphoresis, and
palpitations is highly suggestive of pheochromocytoma.
Because some (10%) pheochromocytomas are diagnosed in
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asymptomatic patients evaluated for adrenal incidentalomas,
the diagnosis should be suspected in any patient at risk
(Table 25). Patients suspected of having a pheochromocy-
toma should not receive B-blockers until treated with ade-
quate o-adrenergic blockade to avoid the potendal sequela of
worsened hypertension due to unopposed o stimulation.

The diagnosis of pheochromocytoma relies on the doc-
umentation of excessive secretion of catecholamines or their
metabolites as measured in the plasma or in a 24-hour urine
collection. Because significant catecholamine metabolism is
intratumoral, measurement of catecholamine metabolites
(metanephrines) is the most appropriate approach in defining
catecholamine secretion. A positive test often is defined as an
elevation in the plasma value or 24-hour urine excretion that
is greater than twice the upper limit of normal. The upper
limits of normal may vary between laboratories, with some
laboratories using a hypertensive population to establish their
normal value; in such assays, the distinction between patients
with and without pheochromocytomas becomes easier.

In approaching the diagnosis of phcochromocytoma,
one can start with measurement of either the plasma level or
urine metanephrine excretion as long as the sensitivity, speci-
ficity, and limitations of the approach used are considered.
There are many instances of discordance between urine and
plasma measurements of catecholamine metabolites, in which
case the urine levels are more specific and thus more reliable.
Because the management of pheochromocytoma may involve
imaging studies, it is essential first to evaluate for and then
confirm the diagnosis biochemically. When clinical suspicion
of pheochromocytoma is high, measurement of the plasma
free metanephrine level is preferred because of the higher sen-
sitivity of this test. When that test is positive, the 24-hour
urine catecholamine metabolite excredon should be deter-
mined to confirm the diagnosis. When clinical suspicion is
low, measurement of the 24-hour urine excretion of cate-
cholamines and metanephrines is preferred because of the
lower false-positive rate (higher specificity); further testing
would not be necessary unless convincing clinical, familial, or
genetic predisposing factors for the discase exist.

TABLE 25. Patient History Prompting Screening for
Pheochromocytoma

Suggestive (hyperadrenergic) cyclic spells of hypertension,
diaphoresis, palpitations, or headache

Familial predisposing syndrome (neurofibromatosis 1, MEN2,
succinate dehydrogenase B mutation)

Previous vasopressor response to anesthesia or angiography
Adrenal incidentaloma
Hypertension at a young age (<20 years)

Drug-resistant hypertension

Unexplained cardiomyopathy and atrial fibrillation

MEN2 = multiple endocrine neoplasia type 2.
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The preference is that patients not receive any medica-
tions during testing, but this often is not practical. Tricyclic
antidepressants and other drugs with similar pharmacologic
features (such as cyclobenzaprine) are among the drugs that
interfere with measurement of catecholamines and
metanephrines. Other interfering drugs include antihyperten-
sive agents (such as reserpine), medications with adrenergic
receptor agonist activity (such as decongestants), psychoactive
drugs with dopamine or norepinephrine reuptake inhibition
properties (such as buspirone), but not other selective sero-
tonin reuptake inhibitors. In additon, acetaminophen intake
can interfere with the measurement of plasma metanephrine
levels in some assays. The use of medications that interfere
with catecholamine and metanephrine assays should be dis-
continued at least 2 wecks before testing. Catecholamine and
metanephrine levels that are elevated but are less than twice
the upper limit of normal can occur in patients in a hypera-
drenergic state, in those with anxiety disorders or high levels
of psychological stress, and sometimes in those with essential
hypertension. Additionally, catecholamine secretion is appro-
priately increased in stressful conditions, such as critical illness,
and thus testing patients for pheochromocytoma in these cir-
cumstances may lead to misleading conclusions. In situations
in which equivocal results are obtained, repeat testing and
other biochemical studies for pheochromocytoma, such as the
clonidine suppression test, may be indicated.

After the diagnosis of pheochromocytoma is biochemi-
cally confirmed, imaging studies should be performed to
determine the tumor’s location. Either adrenal CT with and
without contrast or MRI without contrast is a reasonable
option. The anatomic details are better appreciated on a CT
scan, although exposure to radiation is avoided with MRI.
Metaiodobenzylguanidine (MIBG), a compound with a
structure similar to that of norepinephrine, is tagged with
radioactive iodine (12T or '3T) and used for scintigraphic
localization of pheochromocytomas when results of CT scans
and MRIs are negative. This tagged compound also is used
to localize metastasis from malignant pheochromocytoma.

Laparoscopic adrenalectomy is the most effective treat-
ment for most pheochromocytomas. Preoperative medical
therapy is instituted after the biochemical diagnosis is con-
firmed and before surgical resection. However, no con-
trolled studies have shown which therapy is best. Previously,
most patients were treated for 1 to 2 weeks before surgery
with a competitive a-adrenergic blocking agent (phenoxy-
benzamine) at an initial dose of 10 mg once or twice daily,
with upward titration based on blood pressure measure-
ments every 2 to 3 days to a maximum of 80 mg/d. Because
of'its long-lasting effects, phenoxybenzamine contributed to
the hypotension commonly observed during the first day
after tumor removal. Some centers use short-acting specific
o-antagonists, such as prazosin (2-5 mg, three times daily),
doxazosin (2-8 mg/d), or terazosin (2-5 mg/d). In patients
with tachycardia, B-blockers can be added after a-blockade
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is achieved, especially if blood pressure control is not
achieved. The goal is to achieve a blood pressure of approx-
imately 120,/80 mm Hg. If blood pressure control is still
not achieved with o- and B-blockade, other drugs, such as
calcium channel blockers (amlodipine or verapamil), can be
added as needed. Labetalol, a combined o- and B-blocking
agent, also can be used, especially in patients with tach-
yarrhythmias. Patients with pheochromocytomas who are
normotensive also should be treated with «-blockers
because these patients often become hypertensive during
surgical resection. Nitroprusside is used to control intraop-
erative hypertension. The anesthesiologist should be aware
of the potential for changes in blood pressure during tumor
manipulation and the need for volume expansion during and
after tumor resection. [

The long-term prognosis for patients after resection of
a solitary sporadic pheochromocytoma is excellent, although
some may have persistent hypertension, and as many as 17%
have a recurrence. All patients should have annual follow-up
evaluation for at least 10 years with repeat biochemical test-
ing, and those with extra-adrenal lesions or familial discase
should be followed clinically with blood pressure monitor-
ing indefinitely and imaging evaluation whenever any
change in status occurs. Treatment of malignant pheochro-
mocytoma includes surgical debulking, control of cate-
cholamine-related symptoms with o-blockers and cate-
cholamine synthesis inhibitors, external irradiation, or
targeted radiotherapy using '¥'I-MIBG. Systemic cytotoxic
chemotherapy has also been used, although response rates
are usually low and short-lived.

® The diagnosis of pheochromocytoma relies on the
documentation of excessive secretion of cate-
cholamines or their metabolites.

B-Blockers should not be given to patients suspected
of having a pheochromocytoma unless these patients
are already being treated with a-adrenergic blocking
agents.

® Treatment of pheochromocytoma involves laparo-
scopic adrenalectomy after appropriate preparation
with ¢-adrenergic blocking agents and control of
blood pressure and pulse rate.

Primary Hyperaldosteronism

Primary hyperaldosteronism is a condition characterized by
excessive autonomous aldosterone production by the adrenal
zona glomerulosa, independent of its physiologic regulator,
the renin-angiotensin system. Primary hyperaldosteronism is
associated with several pathologic entities, such as solitary
aldosterone-producing adrenal adenoma (40%-50%); bilat-
eral adrenal hyperplasia, also known as idiopathic primary
hyperaldosteronism (50%-60%); and, more rarely, unilateral



hyperplasia or adrenal carcinoma. The main manifestations of
primary hyperaldosteronism are hypertension, hypokalemia
(although up to 50% of patients can be eukalemic), and meta-
bolic alkalosis. The prevalence of primary hyperaldosteronism
in patients with hypertension is variable (1%-5%). Therefore,
the diagnosis should be considered in any patient with hyper-
tension, especially hypertension resistant to treatment, asso-
ciated with spontaneous (unprovoked) hypokalemia (or sig-
nificant hypokalemia in response to low-dose thiazide
treatment), or coexistent with an adrenal incidentaloma.

Evaluation for primary hyperaldosteronism involves the
simultaneous measurements of the midmorning ambulatory
plasma aldosterone level (typically increased) and plasma
renin activity (typically suppressed). In most patients with
hyperaldosteronism, the plasma aldosterone level exceeds 15
ng/dL (414 pmol/L), but the plasma renin activity is very
low or undetectable. A ratio of plasma aldosterone (measured
in ng/dL) to plasma renin activity (measured in ng/mL/h)
of greater than 30 has a 90% sensitivity and specificity for the
diagnosis of primary hyperaldosteronism; a ratio of 20 to 30
is suggestive of the diagnosis, especially when the plasma
aldosterone level is greater than 15 ng/dL (414 pmol/L).
Determining the ratio of plasma aldosterone to plasma renin
activity is particularly helpful in patients receiving ACE
inhibitors, angiotensin receptor blockers, or direct renin
inhibitors in whom plasma renin activity is expected to be
high and the aldosterone level is usually low (see Figure 6,
bottom panel). Testing can be done on random blood sam-
ples, even in patients taking antihypertensive medications
with the exception of spironolactone and eplerenone, both
aldosterone receptor antagonists.

The biochemical diagnosis is confirmed by demonstrat-
ing persistent clevation (poor suppressibility) of the plasma
aldosterone level in response to a high-sodium load. Sodium
chloride can be given orally (2 g three times daily for 3 days)
or intravenously (normal saline, 500 mL per hour for 4
hours). During salt loading, plasma aldosterone levels are sup-
pressed to less than 5 ng/dL (138 pmol/L) in healthy per-
sons bur remain elevated (often >10 ng/dL [276 pmol/L])
in patients with primary hyperaldosteronism. The decision to
pursue salt loading should be made only after at least two
plasma aldosterone to plasma renin activity ratios are elevated
in the presence of an elevated aldosterone level. Itis necessary
to ensure that patients are potassium replete before beginning
a salt-loading test because increased sodium intake will exac-
erbate hypokalemia.

Measurement of 24-hour urine aldosterone excretion
(typically, <12 micrograms,/24 h [33.2 nmol/24h]) during
the third day of the salt loading also can confirm the diagno-
sis, provided adequate salt loading is achieved (as demon-
strated by a high urine sodium excretion (greater than 200
meq,/24 h [200 mmol,/24 h]). After adequate salt loading, a
plasma aldosterone level greater than 10 ng/dL (276
pmol /L) is diagnostic of hyperaldosteronism.
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After the biochemical diagnosis is confirmed, further
studies, such as CT of the adrenal glands, are performed to
define the pathologic cause of primary hyperaldosteronism. A
solitary adrenal adenoma, which is often 2 cm or less in diam-
eter, is casy to recognize on a CT scan. Bilateral adrenal
hyperplasia is characterized by diffuse or focal enlargement of
both adrenal glands and is associated with unilareral or bilat-
eral nodules; making this distinction is crucial because of its
impact on therapy. However, imaging studies are not always
accurate in defining the pathologic entity causing hyperal-
dosteronism, especially given the high prevalence of adrenal
incidentalomas in persons older than 40 years. One definitive
approach is to catheterize both adrenal veins and measure
plasma aldosterone levels from both sides to determine if
aldosterone production is unilateral or bilateral. Because this
procedure is technically difficult and can be associated with
adverse effects, such as adrenal vein dissection and hemor-
rhage, it should be used selectively in patients in whom sur-
gery is being considered and performed only at centers with
expertise in the procedure. [

Referral to an endocrinologist is recommended when-
ever the biochemical dara are not typical because some rare
conditions may also present with hypertension, hypokalemia,
and metabolic alkalosis but may not be associated with an ele-
vated aldosterone level.

The goals of therapy for hyperaldosteronism are normal-
ization (or at least improvement) of blood pressure, resolu-
tion of hypokalemia, and attainment of normal aldosterone
levels and effects. The last goal is especially important because
aldosterone can have adverse effects over and above its influ-
ence on blood pressure or the porassium level. Although
laparoscopic surgical resection of a solitary aldosterone-secret-
ing adrenal adenoma is usually recommended, especially in
young patients, medical therapy also can be an effective alter-
native approach when it includes an aldosterone receptor
blocker (either spironolactone or eplerenone). After removal
of the aldosterone-producing adrenal adenoma, potassium
levels become normal in greater than 90% of patients; blood
pressure normalizes in two thirds of patients, and its control
improves in the remaining third.

The treatment of choice for primary hyperaldosteronism
caused by bilateral adrenal hyperplasia is medical therapy with
cither spironolactone or eplerenone. Spironolactone (50-300
mg/d) is often effective in controlling hypertension and
hypokalemia. Besides being an aldosterone antagonist that
blocks the aldosterone receptor, spironolactone also blocks
the androgen receptor and can cause gynecomastia, masto-
dynia, impotence, and diminished libido in men and men-
strual irregularities in women. Eplerenone (25-100 mg/d) is
a more sclective aldosterone receptor blocker and has fewer
of these adverse events. Some medically treated patients with
adrenal adenomas and bilateral adrenal hyperplasia require
treatment with amiloride to attain eukalemia; a low-dose thi-
azide diuretic (12.5-25 mg/d) also can be added to reverse
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hypervolemia, Patients should be followed indefinitely with
monitoring of blood pressure, kidney function, and potas-
sium levels. In premenopausal women, aldosterone antago-
nists are known to be teratogenic in the male fetus and thus
must be avoided unless prevention of pregnancy is secured.

KEY POINTS

e Testing for primary hyperaldosteronism includes
measuring simultaneous midmorning ambulatory
plasma aldosterone levels and plasma renin activity; a
ratio of the former over the latter greater than 20 is
suggestive of the diagnosis.

The biochemical diagnosis of primary hyperaldoster-
onism is confirmed by demonstrating persistent eleva-
tion (poor suppressibility) of the plasma aldosterone
level in response to a high salt load.

¢ Primary hyperaldosteronism caused by a solitary
aldosterone-secreting adenoma is best treated by
adrenalectomy, whereas disease caused by bilateral
adrenal hyperplasia is managed medically by using a
nonselective (spironolactone) or a more selective
(eplerenone) aldosterone blocking agent.

Adrenocortical Cancer

Adrenocortical cancer is a rare malignancy, As many as 60% of
patients with this cancer have symptoms of hormone (cortisol)
excess, whereas others have mechanical symptoms related to
rapid tumor growth (abdominal fullness, nausea, and back pain)
and a few have an incidentally discovered adrenal mass. Given
the variable clinical presentation of this entity, diagnosis often
requires integration of the clinical, biochemical, and imaging
data discussed in previous sections. Most adrenocortical cancers
produce multiple corticosteroids, including biologically inactive
precursors. The imaging characteristics of adrenocortical cancer
include a large mass with irregular borders or shape, occasional
calcification, high attenuatdon (high Hounsfield units) on CT,
and delay in contrast medium washout.

The treatment of adrenocortical cancer depends on the
extent of disease at presentation. Surgical removal after appro-
priate biochemical assessment remains the best option, espe-
cially in patients with carly disease. Even after apparent com-
plete resection, adjuvant therapy with mitotanc, a known
adrenal cytotoxic drug, may be beneficial. Treatment with
mitotane is reccommended for patients with persistent discase
and others with known metastases and is associated with
objective remissions in approximately 25% of patients. The
main limiting factors of mitotane use are the associated
adverse events, including nausca, vomiting, lethargy, and
other neurologic symptoms. Experience with other cytotoxic
chemotherapy is limited, but this treatment usually has been
ineffective. A poorer prognosis is associated with advanced
stages of the disease, the presence of metastasis at diagnosis,
an older age, and cortisol hypersecretion by the tumor. In
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patients without clinically evident disease after initial surgery,
the median survival rate is 60% at 5 years. This rate is 20% to
25% for those with metastatic discase. Newer studies suggest
that mitotane use may improve future survival, even after
apparent complete tumor resection.

KEY POINTS

* The manifestations of adrenocortical cancer include
hormone (cortisol) excess and mechanical symptoms
due to a rapidly growing mass.

* Surgical resection is the best therapeutic option for
adrenocortical cancer followed by use of the cytotoxic
drug mitotane.

Reproductive Disorders

Basic Concepts and Common
Features

The hypothalamic-pituitary-gonadal axes of men and women
share many features. Gonadotropin-releasing hormone
(GnRH) is released in a pulsatile manner from the hypothala-
mus. When released, GnRH stimulates the gonadotropic cells
in the anterior pituitary gland to secrete follicle-stimulating
hormone (FSH) and luteinizing hormone (LH). ESH and LH
stimulate spermatogenesis and testosterone production in the
testes and follicular development and estrogen production in
the ovaries. Testosterone and estrogen decrease the release of
GnRH, FSH, and LH through negative feedback inhibition on
the hypothalamus and pituitary gland. Feedback inhibition of
FSH is also controlled by inhibin B, a protein product of ovar-
ian granulosa cells and testicular Sertoli cells.

Physiology of Male

Reproduction

The testes are composed of seminiferous tubules, Leydig cells,
and Sertoli cells. Leydig cells are responsible for testosterone
production by LH stimulation, and Sertoli cells are responsi-
ble for spermatogenesis by FSH stimulation and testosterone.
Testosterone is secreted in a diurnal pattern, with the highest
levels achieved in the morning, and can be metabolized to
dihydrotestosterone in some tissues, such as the prostate, and
to estrogen in other tissues, such as fat. The male reproduc-
tive axis is shown in Figure 11.

Only 2% of testosterone is free testosterone, 44% is
bound to sex hormone-binding globulin (SHBG), and the
remaining 54% is bound to albumin. Testosterone’s binding
affinity for SHBG is much greater than for albumin. As a
result, testosterone freely disassociates from albumin.
Bioavailable testosterone is approximately the amount of free
testosterone plus albumin-bound testosterone. A morning
total testosterone level has long been considered the most
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FIGURE 11. Male reproductive axis. Pulses of GnRH elicit pulses of LH
and FSH. FSH acts on Sertoli cells, which assist sperm maturation and make
inhibin B, the major negative regulator of basal FSH production. The Leydig
cells make testosterone, which feeds back to inhibit GnRH and LH release.
Some testosterone is irreversibly converted to dihydrotestosterone or estradiol,
which are both more potent than testosterone in suppressing GnRH, LH, and
FSH. FSH = follicle-stimulating hormone; GnRH = gonadotropin-releasing hor-
mone; LH = luteinizing hormone; — (circled) = negative feedback.

accurate measure of a patient’s androgen status except when
SHBG is increased (as in the aging man) or decreased (as in
obesity). In these circumstances, a serum free testosterone
measurement by cquilibrium dialysis or a calculated serum
free testosterone level is a better measure of a patient’s andro-
gen status. Similarly, because of alterations in binding proteins
in acutely ill patients, a testosterone measurement should not
be obtained because it can lead to an erroncous diagnosis of
testosterone deficiency.

Primary Hypogonadism

Primary hypogonadism is due to testicular failure and is
defined as a low testosterone level with elevated LH and FSH
levels. Primary hypogonadism can have congenital or
acquired causcs. The most common congenital cause is
Klinefelter syndrome (XXY karyotype). Acquired causes
include exposure to certain chemotherapy agents, pelvic irra-
diation, mumps orchitis, trauma, and testicular torsion.

Secondary Hypogonadism

Caused by a hypothalamic or pituitary defect, secondary
hypogonadism is defined as a low testosterone level with
simultancously low or inappropriately normal LH and FSH
levels. Secondary hypogonadism also can be due to congeni-
tal or acquired causes. Idiopathic hypogonadotropic hypo-
gonadism, with anosmia (Kallmann syndrome) or without
anosmia, is an example of congenital secondary hypo-
gonadism. Acquired causes include hyperprolactinemia,
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functioning or nonfunctioning pituitary adenomas or other
sellar masses, chronic opiate use, corticosteroids (exogenous
use or excessive endogenous), and infiltrative diseases (such as
hemochromatosis).

Androgen Deficiency in the Aging Male
Testosterone levels gradually decrease with age. The degree of
decline in the testosterone level is highly variable, and many
men will never become hypogonadal. The cause of this
decline appears to be multifactorial, with changes in the hypo-
thalamic-pituitary axis and Levdig cell function being the
major causes.

Diagnosis and Evaluation of Male
Hypogonadism

Symptoms of hypogonadism include low libido, erectle dys-
function, fatigue, and decreased muscle strength. However,
these symptoms are common in the general male population
and are nonspecific for hypogonadism. More specific signs
and symptoms include gynecomastia, decrease in testicular
size, and absence of morning erections. Laboratory testing is
necessary to make a diagnosis. The best initial test is a morn-
ing (8 AM) measurement of the serum total testosterone level.
If this level is normal (>350 ng/dL [12 nmol/L]), then
hypogonadism is excluded. If abnormal (<200 ng/dL [6.9
nmol /L]), a second confirmatory morning measurement of
the total testosterone level should be obtained, according to
Endocrine Society guidelines. If the total testosterone level is
more equivocal (200-350 ng/dL [6.9-12 nmol /L]) or if an
SHBG abnormality is likely in the patient being evaluated,
then a serum free testosterone level by equilibrium dialysis or
a calculated serum free testosterone level can determine
whether hypogonadism is truly present.

When hypogonadism is confirmed, the next step is to
determine whether the patient has primary or secondary
hypogonadism by measuring LH and FSH levels. Primary
hypogonadism is indicated by supranormal LH and FSH
levels. In padents with confirmed primary hypogonadism,
no clear history of a testicular insult (such as chemotherapy
or radiation therapy), and a consistent clinical picture, then
a karyotype should be performed to exclude Klinefelter syn-
drome. If secondary hypogonadism is confirmed by inap-
propriately normal or low LH and FSH levels, measurement
of the serum prolactin level to evaluate for hyperprolactine-
mia and iron saturation level (transferrin saturation and fer-
ritin levels) to exclude hemochromatosis should be per-
formed to assess for the possible cause. In addition, the
presence of any additional pituitary hormone deficiencies
should be assessed. An MRI of the pituitary gland should be
ordered to exclude hypothalamic or pituitary masses as the
cause of decreased gonadotropin production and secretion
if any symptoms consistent with mass effect are present,
including headaches, visual field changes, a serum total
testosterone level less than 150 ng/dL (5.2 nmol/L), an

53



Reproductive Disorders

increased prolactin level, or any additional pituitary hor-

monal deficiencies. Figure 12 shows an algorithm for eval- - : : . A
8Y - no history of a testicular insult and a consistent clinical

uating hypogonadism. ; .
B POG picture, a karyotype is reccommended to exclude

KEY POINTS Klinefelter syndrome; if secondary hypogonadism is

e If primary hypogonadism is confirmed in a patient with

* Hypogonadism is best diagnosed after two early confirmed, the cause should be determined by meas-
morning (8 AM) measurements show a decreased urement of prolactin and iron saturation (transferrin
total testosterone level. saturation and ferritn) levels, evaluation of anterior

¢ After hypogonadism is diagnosed, luteinizing hor- pituitary function, and (possibly) a pituitary MRI.
mone (LH) and follicle-stimulating hormone (FSH)
levels should be measured to determine whether the Testosterone Replacement Therapy

cause is primary (elevated LH and FSH levels) or sec-
ondary (low or inappropriately normal LH and FSH
levels).

Various testosterone preparations are available for treatment
of male hypogonadism. Transdermal and intramuscular
routes of administration are the most widely used.

Suspect hypogonadism.

Y

Screen: total serum testosterone (x2)

Y

Low testosterone Normal testosterone
l y
Bioavailable/free testosterone Follow
and/or SHBG in appropriate patients

Y

Confirmed low testosterone:
Check FSH and LH levels.

AN

High FSH or LH level Low/normal FSH or LH level
¥ A
Primary hypogonadism Secondary hypogonadism:
Check PRL level, iron studies.

Elevated PRL level, other pituitary deficiencies
Signs/symptoms of mass effect, testostrone level <150 ng/dL
(5.2 nmol/l)

Pituitary MRI Hemochromatosis

Elevated transferrin saturation, ferritin level

FIGURE 12. Algorithm for evaluating hypogonadism. FSH = follicle-stimulating hormone; LH = luteinizing hormone; PRL = prolactin; SHBG = sex hormone—bin-
ding globulin; %2 = two separate measurements.
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In the 1950s, intramuscular testosterone preparations
became available. Current preparations include testosterone
enanthate and testosterone cypionate, which are administered
every 2 to 4 weeks. Advantages to these preparations include
their low cost and dosing flexibility. The disadvantage is the
large fluctuation in testosterone level after cach injection,
which can cause fluctuations in mood, encrgy, libido, and
erectile function.

In the 1980s, transdermal preparatons that were applied
to the scrotum became available. Current transdermal prepa-
rations include nongenital patches. Those with an alcohol
base often cause skin irritability, and those without an alcohol
base can have poor skin adherence, especially in patients who
are physically active.

Another testosterone preparation is a buccal tablet
applied twice daily. Adverse effects include gum irritation and
a bitter taste.

The most popular testosterone preparations currently are
hydroalcoholic gels. Advantages to these preparations are the
steady level of testosterone provided within 30 minutes of
administration and the invisibility of the gel. Disadvantages
include the need for daily use, cost, and possible exposure to
and absorption by others who come in contact with the
patient or his replacement therapy.

Patients receiving testosterone replacement therapy
require monitoring of testosterone levels at 3 to 6 months
after initiation and annually thereafter, with a goal testos-
terone level in the midnormal range. For patients receiving
intramuscular testosterone preparations, the testosterone level
should be checked at the midpoint between scheduled injec-
tions. For patients using transdermal preparations, testos-
terone levels can be checked at any time.

Some of the adverse effects of testosterone replace-
ment—increased hematocrit, worsened sleep apnea, benign
prostatic hyperplasia, dyslipidemia, and possibly increased
risk of prostate cancer—also need careful monitoring. The
Endocrine Society has released clinical guidelines for moni-
toring these adverse effects (Table 26). Recently, long-term
adverse cardiovascular effects have been described with
testosterone use, which further emphasize the danger of
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overdiagnosing hypogonadism or overprescribing testos-
terone replacement therapy.

KEY POINTS

e Advantages of using a hydroalcoholic gel for testos-
terone replacement therapy are the steady level of
testosterone provided within 30 minutes of adminis-
tration and the invisibility of the gel; disadvantages
include the need for daily use, the cost, and the risk
of exposure to and absorption by others who come in
contact with the patient.

e After a patient begins testosterone replacement ther-
apy, careful monitoring of testosterone levels and
other parameters should occur to assess for adverse
effects of treatment, such as increased hematocrit,
worsened sleep apnea, benign prostatic hyperplasia,
and dyslipidemia.

Anabolic Steroid Abuse in Men

Androgen abuse is common among elite and professional ath-
letes and in young men. The exogenous androgens used for this
purpose can suppress endogenous gonadotropins and, there-
fore, testicular testosterone production. Commonly abused
androgens include injectable testosterone esters, oral alkylated
testosterone  preparations, human chorionic gonadotropin
(HCG) injections, aromatase inhibitors, dehydroepiandros-
terone (DHEA), and androstenedione supplements.

Physical examinadon findings may include excessive
muscular bulk, acne, gynecomastia, and decreased testicular
volume. Low sperm counts also may be present with exoge-
nous androgen use. Androgen abuse can result in hypogo-
nadism and infertility, which occasionally are irreversible.
Additional adverse side effects include a low HDL cholesterol
level, hepatotoxicity, erythrocytosis, and psychiatric disorders.

Male Infertility

The single best test to assess male fertility is semen analysis.
The patient should abstain from sexual activity for 48 to 72
hours to ensure an adequate sample. If semen analysis

Parameter Recommended Screening Schedule Alerts

Hematocrit Value obtained at baseline and then at 3 months and Value >54%
6 months after therapy initiation, followed by yearly
measurements

PSA level For patients >40 years of age with a baseline value Increase >1.4 ng/mL (1.4 pg/L) in 1y
>0.6 ng/mL (0.6 pg/L), DRE and PSA level (determined or >0.4 ng/mL (0.4 pg/L) after
at 3 and 6 months after therapy initiation followed by 6 months of use; abnormal results
regular screening) on DRE; AUA prostate symptoms

score/IPSS >19

Metab. 2010;95(6):2550. [PMID: 20525905]

AUA = American Urological Association; DRE = digital rectal examination; IPSS = International Prostate Symptom Score; pg = microgram(s); PSA = prostate-specific antigen.

Data from Bhasin S, Cunningham GR, Hayes FJ, et al. Testosterone therapy in men with androgen deficiency syndromes: an Endocrine Saciety Clinical Practice Guideline. J Clin Endocrinal
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results are abnormal, the test should be repeated. If con-
firmed as abnormal, then a referral to a reproductive
endocrinologist or urologist is warranted to determine the
best treatment plan.

KEY POINT

® The single best test to assess male fertility is semen
analysis, which should be repeated if initial results are
abnormal.

Gynecomastia
Gynecomastia is a benign but abnormal growth of breast tis-
suc in male patients resulting from an imbalance of testos-
terone and estrogen, which leads to an increased estrogen-to-
testosterone ratio. Causes of this imbalance include
medications (such as spironolactone, cimetidine, calcium
channel blockers, and ACE inhibitors), liver discase, kidney
discase, male hypogonadism, testicular cancer, hyperthy-
roidism, adrenal tumors, HCG-secreting tumors, and andro-
gen insensitivity syndrome. When this imbalance occurs in the
neonatal period and adolescence, gynecomastia is often phys-
iologic, resolving spontancously most of the time,
Gynecomastia is confirmed on physical examination by
the detection of subareolar glandular tissue and should be
differentiated from lipomastia, or accumulation of fat in the
breast. If gynecomastia is present, a careful evaluation to
detect secondary causes, such as chronic illnesses, hyperthy-
roidism, medications, and drug abuse, is required. The ini-
tial laboratory evaluation includes obtaining serum levels of
total testosterone, estradiol, HCG, LH, and thyroid-stimu-
lating hormone (TSH). If either primary or secondary
hypogonadism is diagnosed, then an evaluation to deter-
mine the cause is indicated. If the HCG level is elevated, tes-
tdcular ultrasonography should be performed first. If the
ultrasound is negative for any ncoplasm, then chest and
abdominal imaging is appropriate to detect malignancy. If
the estradiol level is clevated, testicular ultrasonography is
performed first; if no mass is detected, adrenal CT or MRI
is performed to evaluate for an adrenal mass. If this imaging
is negative, the cause is likely to be idiopathic or due to ele-
vated peripheral aromatase activity. If both LH and testos-
terone levels are elevated and if the rest of the hormonal
evaluation is unremarkable, androgen insensitivity syndrome
is the likely diagnosis.

KEY POINT

¢ In a male patient with gynecomastia, a careful evalu-
ation to detect secondary causes, such as chronic ill-
ness, hyperthyroidism, medications, and drug abuse
is required; appropriate initial laboratory evaluation
includes measurement of serum levels of total
testosterone, estradiol, human chorionic
gonadotropin, luteinizing hormone, and thyroid-
stimulating hormone.
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Physiology of Female
Reproduction

Normal function of the menstrual cycle requires careful coor-
dination of inhibition and stimulation between the hor-
mones of the hypothalamic (GnRH)-pituitary (FSH,
LH)-ovarian (estradiol and progesterone) axis. The GnRH
pulse frequency varies across the menstrual cycle to promote
follicular development and ovulation (Figure 13). The FSH
level increases slightly in the early follicular phase of the men-
strual cycle, which begins with the onset of menstrual bleed-
ing (day 1). This increase leads to recruitment of ovarian fol-
licles, an increase in estradiol (which stimulates endometrial
proliferation), and induction of LH receptors in the ovaries.
Estradiol exerts acute positive feedback on the pituitary
gland, eliciting an LH surge. This LH surge results in ovula-
tion and initiates the luteal phase of the menstrual cycle.
Additionally, LH stimulates theca cell androgen production.
Androgens are aromatized to estrogen in the granulosa cells
by FSH. After the LH surge, the corpus luteum secretes estra-
diol and progesterone. The declining progesterone levels lead
to menstrual bleeding unless conception has occurred.

An average normal menstrual cycle is 28 to 35 days in
length. The luteal phase length is constant and usually is 14
days. The follicular phase varics in length from 14 to 21 days,
but relatively little variation characterizes follicular phase
length in healthy adult women age 20 to 40 years. More cycle
length variation occurs in the first 5 years of menstruation,
and a decrease in follicular phase length occurs during peri-
menopause. Menstrual cycles less than 25 days or greater than
35 days are likely anovulatory.

Primary Amenorrhea
Primary amenorrhea is defined as the lack of menses by age
16 years accompanied by a normal body hair pattern and

> LH FSH | +——

}

| Theca cells | 1=---> | Granulosa ce
—[—i\ndrostenedione

FIGURE 13. Female reproductive axis. As in the male reproductive axis, pulses of
GnRH drive LH and FSH production. LH acts on theca cells to stimulate androgen
(principally androstenedione) production. Androstenedione is metabolized to
estradiol in granulosa cells. FSH acts on granulosa cells to enhance follicle matu-
ration. Granulosa cells produce inhibin B as a feedback regulator of FSH produc-
tion. FSH = fallicle-stimulating hormone; GnRH = gonadotropin-releasing hor-
mone; LH = luteinizing hormone; — (circled) = negative feedback.
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normal breast development. Pregnancy must be ruled out
in all patients with primary amenorrhea. Approximately
50% of patients with primary amenorrhea have a chromo-
somal abnormality, such as gonadal dysgenesis, and approx-
imately 15% have an anatomic abnormality of the uterus,
vagina, or cervix. Primary ovarian insufficiency due to
Turner syndrome, a syndrome characterized by short
stature and the loss of a portion or all of one X chromo-
some, is one of the most common causes of primary amen-
orrhea. The diagnosis of Turner syndrome can be made on
the basis of a karyotype. Diagnosing Turner syndrome is
critical because affected patients have a higher incidence of
cardiovascular disease, metabolic syndrome, and thyroid
dysfunction and should be evaluated annually as adults for
these entities.

KEY POINT

* One of the most common causes of primary amenor-
rhea is primary ovarian insufficiency due to Turner
syndrome, which is diagnosed by a karyotype.

Secondary Amenorrhea

Secondary amenorrhea is defined as the absence of a men-
strual cycle for three cycles or 6 months in previously men-
struating women. Pregnancy is the most common cause of
secondary amenorrhea.

Uterine or outflow tract disorders (especially Asherman
syndrome), although rare, also must always be considered as
a possible cause. Asherman syndrome is due to endometrial
scarring after a uterine procedure (usually, repeated dilation
and curettage) and should be considered in any woman with
amenorrhea and past exposure to uterine instrumentation.
The classic presentation is amenorrhea with ovulatory or pre-
menstrual symptoms. After pregnancy is excluded, approxi-
mately 40% of secondary amenorrhea will be due to ovarian
causes, most commonly polycystic ovary syndrome (PCOS).
Additional causes of secondary amenorrhea include hypo-
thalamic amenorrhea, hyperprolactinemia, thyroid disease,
and primary ovarian insufficiency.

Functional hypothalamic amenorrhea affects 3% of
women between age 18 and 40 years and is a diagnosis of
exclusion. Risk factors for this condition include a low body
weight and fat percentage, rapid and substantial weight loss,
cating disorders, excessive exercise, severe emotional stress,
severe nutritional deficiencies, and chronic or acute illness.
ESH and LH levels are inappropriately low or normal in this
low-estrogen disorder, but FSH is frequently higher than LH.
Recovery of menses occurs in 30% to 100% of patients,
depending on the cause, with stress and weight loss exhibit-
ing the best prognoscs.

Hyperprolactinemia causes secondary amenorrhea through
direct inhibition of GRRH secretion. Both hypothyroidism and
hyperthyroidism also cause secondary amenorrhea. Hypo-
thyroidism results in increased levels of thyrotropin-releasing
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hormone through negative feedback, and this hormone, in
turn, stimulates prolactin secretion. Hyperthyroidism can cause
rapid weight loss, which is known to cause functional hypo-
thalamic amenorrhea.

Primary ovarian insufficiency is defined as amenorrhea
before age 40 years in the setting of two elevated FSH levels.
Possible secondary causes include Turner syndrome, a fragile
X premutation carrier status, autoimmune oophoritis, and the
effects of chemotherapy or radiation therapy.

Diagnosis and Evaluation of Amenorrhea

The initial evaluation of amenorrhea includes a thorough his-
tory and physical examination and measurement of serum
HCG, prolactin, FSH, and TSH levels to assess for pregnancy,
hyperprolactinemia, primary ovarian insufficiency, and thy-
roid disease, respectively. A pelvic ultrasound is required in all
patients with primary amenorrhea. A pituitary MRI also is
required in these patients if primary ovarian insufficiency is
excluded as a cause and in patents with secondary amenor-
rhea that is hypothalamic in nature but has no clear cause to
exclude a pituitary or hypothalamic tumor.

If the prolactin level is elevated, then an evaluation for
causes of hyperprolactinemia is necessary, including a review
of the patient’s medications, thyroid status, and kidney func-
tion and, possibly, imaging of the pituitary gland to evaluate
for pituitary adenoma. If the FSH level is elevated on two sep-
arate measurements, then the diagnosis of primary ovarian
insufficiency is made. Patients with these findings also should
have a karyotype to evaluate for Turner syndrome and should
be tested for the fragile X mutation; a careful review of sys-
tems is necessary to assess for autoimmune discase. If the
patient has thyroid dysfunction, then treatment of the under-
lying disorder should result in resumption of menses.

If results of the laboratory tests are normal, the next step
is to assess estrogen sufficiency with a progesterone challenge
test. Estradiol levels can be variable in amenorrhea of differ-
ing causes, but results of a progesterone challenge test will
clearly delincate between an estrogen-deficient state (no
bleeding) and an estrogen-sufficient state (withdrawal bleed-
ing). If the patient is producing estrogen, she will have with-
drawal bleeding within 1 week of completing a course of
progesterone. In this case, the patient is not estrogen defi-
cient, and PCOS (or a similar diagnosis) should be consid-
ered. If no withdrawal bleeding occurs after the progesterone
challenge, then the patient has a low-estrogen state, and
hypothalamic amenorrhea is the diagnosis. If no clear cause of
the hypothalamic amenorrhea is present, then a pituitary MRI
should be ordered to rule out a pituitary adenoma.

e In a patient with amenorrhea and normal results on
initial laboratory studies, the next step in evaluation is
a progesterone challenge test.
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Hirsutism and Polycystic Ovary Syndrome
Hirsutism is defined as an excess in terminal hair growth in
women in androgen-dependent areas of the body. A patient’s
tamilial hair pattern and ethnic background should be taken
into account when assessing for hirsutism. When hirsutism is
present, then the patient must be assessed for virilization,
which is commonly due to an ovarian or adrenal tumor. Signs
and symptoms of virilization include a deepening of voice,
severe acne, clitoromegaly, a decrease in breast size, and male-
pattern balding. Other concerning features are rapid onset
and progressive hirsutism over a short period of time (such as
1 year) or hirsutism that develops after age 30 years.

Recommended laboratory tests for moderate to severe
hirsutism or virilization include measurement of the plasma
DHEA sulfate level and serum levels of TSH, prolactin, total
testosterone, and follicular phase 17-hydroxyprogesterone to
exclude thyroid disease, hyperprolactinemia, ovarian and
adrenal tumors, and late-onset congenital adrenal hyperplasia.
If the serum total testosterone level is greater than 200
ng/dL (6.9 nmol /L), then a pelvic ultrasound and adrenal
CT are necessary to exclude an ovarian or adrenal neoplasm;
if the plasma DHEA sulfate level is greater than 700 micro-
grams,/mL (1890 micromoles/L), then an adrenal CT is nec-
essary to exclude an adrenal cortisol-secreting and /or andro-
gen-secreting neoplasm. Most cases of hirsutism have benign
causes, with PCOS being the most common.

PCOS is one of the most common endocrine disorders
in young women, with a prevalence of approximately 7%. In
1990, the National Institutes of Health defined PCOS as
occurring in women who have oligomenorrhea and clinical or
biochemical evidence of hyperandrogenism when other
endocrine disorders are excluded. In 2003, the American
Socicety for Reproductive Medicine and the European Society
of Human Reproduction established new, still debated diag-
nostic criteria (Rotterdam criteria) stating that two of the fol-
lowing three findings must be present to establish a diagno-
sis of PCOS: (1) oligo-ovulation or anovulation, (2) clinical
or biochemical evidence of hyperandrogenism, and (3) poly-
cystic ovarian morphology on an ultrasound when other
endocrine disorders are excluded.

The primary clinical manifestations of PCOS are men-
strual irregularity (oligomenorrhea or amenorrhea), ovula-
tory dysfunction with resultant infertility, insulin resistance,
and hyperandrogenism. Oligo-ovulation or anovulation can
result in  endometrial hyperplasia and/or infertility.
Hyperandrogenism presents as hirsutism, acne, or androgenic
alopecia. Most patients with PCOS also have insulin resis-
tance, and studies have shown an increased incidence of meta-
bolic syndrome, obesity, impaired glucose tolerance, and
frank type 2 diabetes mellitus. Both obese and lean women
with PCOS have evidence of insulin resistance, which sug-
gests that this finding is intrinsic to the disorder.
Improvement in insulin resistance with weight loss or the use
of metformin is associated with a decrease in serum androgen
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levels. In fact, patents treated with metformin have not only
improved insulin sensitivity and androgen levels, but also
improved ovulatory rates with increased pregnancy rates.
These data strongly suggest that the insulin resistance of
PCOS plays a role in the oligomenorrhea and hyperandro-
genism seen in this disorder. More recent studies also have
shown frequent associations between the insulin resistance of
PCOS and both fatty liver disease and sleep apnea.

Treatment of the clinical manifestations of PCOS
depends on which symptom(s) is(are) most problematic to
the patient. Weight loss and exercise are mainstays of therapy
for all patients with PCOS and have been shown to lessen the
severity of clinical manifestations of the disorder. Ifa patient’s
major concern is hyperandrogenism, then oral contraceptive
therapy is the best choice. Spironolactone may be added after
6 months if acne and hirsutism are still cosmetically bother-
some to the padent. Additional treatments for hirsutism
include waxing, electrolysis, laser therapy, and topical eflor-
nithine. For the menstrual irregularities associated with
PCOS, oral estrogen-progesterone contraceptives are effec-
tive and provide endometrial protection. If a patient has a
contraindication to oral contraceptives or does not wish to
take them, cyclical progesterone can be given to induce with-
drawal bleeding. The insulin resistance of PCOS is treated
with diet and exercise. Metformin also can be used, especially
if acanthosis nigricans or impaired glucose tolerance is pre-
sent. Infertility in PCOS is usually treated with diet, exercise,
clomiphene, or metformin, depending on the patient’s age,
degree of insulin resistance, and personal preference.

* A woman with acute onset of rapidly progressive hir-
sutism should be assessed for signs of virilization
(deepening of the voice, acne, clitoromegaly, decrease
in breast size, and male-pattern balding) because of
the risk of an androgen-secreting ovarian or adrenal
tumor.

* Polycystic ovary syndrome, which is characterized by
menstrual irregularities and hyperandrogenism, is
associated with insulin resistance and an increased risk
of metabolic syndrome, impaired glucose tolerance,
and type 2 diabetes mellitus.

® Oral contraceptives are effective in treating the
oligomenorrhea of polycystic ovary syndrome
(PCOS) and provide endometrial protection; the
insulin resistance and obesity of PCOS are best
treated with weight loss and exercise, but use of met-
formin also should be considered.

Anabolic Steroid Abuse in Women

Some women abuse anabolic steroids to enhance their athletic
performance or physique. Adverse effects include hirsutism,
acne, deepening of the voice, decreased breast size, and cli-
toromegaly. Withdrawal of androgens does not result in



severe hypogonadism, as it does in men. Symptoms of hyper-
androgenism with a normal or low testosterone level may be
a clue of androgen abuse.

Female Infertility

Inferdlity is defined as the inability to conceive in 1 year with
regular unprotected sexual intercourse. If the female partner
is older than 35 years, then infertility is defined as the inabil-
ity to conceive within 6 months. Infertlity evaluation for
women includes a careful menstrual history and proper eval-
uaton of oligomenorrhea, if present. Measuring serum TSH
and prolactin levels is appropriate to exclude thyroid discase
and hyperprolactinemia because even mild abnormalities in
thyroid function or prolactin levels can result in infertility. If
results of initial testing are normal, then referral to a repro-
ductive endocrinologist is indicated. Further evaluation will
typically include a semen analysis of the male partner, confir-
mation of ovulatory function with measurement of a mid-
luteal progesterone level, ovarian reserve testing by measur-
ing a serum FSH level on day 3 of the menstrual cycle, and
hysterosalpingography performed sometime between days 6
and 10 of the menstrual cycle to evaluate for any uterine or
tubal abnormalitics. If no abnormalities are found, closely
monitored therapy with clomiphene or gonadotropins may
be initated.

o Measuring the serum thyroid-stimulating hormone
and prolactin levels is appropriate to exclude thyroid
disease and hyperprolactinemia in a woman with
infertility; if results of initial testing are normal, then
referral to a reproductive endocrinologist for further
evaluation and treatment is appropriate.
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Calcium and Bone
Disorders

Calcium Homeostasis

Precise regulation of calcium homeostasis in the body is crit-
cal. Calcium is the main mineral component of the skeleton
and plays major roles in neuronal transmission, muscle con-
traction, and blood clotting; it also is an important intracellu-
lar messenger regulating numerous processes throughout the
body. The normal range for the total serum calcium level is 9.0
to 10.5 mg/dL (2.2-2.6 mmol /L); 50% to 60% of this calcium
is bound to plasma proteins or complexed with anions, and the
remaining ionized calcium controls physiologic actions. The
normal level of ionized calcium is maintained in a very narrow
range (4.4-5.2 mg,/dL [1.1-1.3 mmol /L]).

The body regulates serum calcium by controlling its
entry through the intestine, its exit through the kidney, and
its storage in bone (Figure 14). These processes are regulated
by parathyroid hormone (PTH) and 1,25-dihydroxyvitamin
D. 1,25-Dihydroxyvitamin D is made when exposure of the
skin to ultraviolet light triggers conversion of 7-dehydrocho-
lesterol to vitamin D or cholecalciferol. Cholecalciferol also
is supplicd by dietary sources or nutritional supplements, such
as vitamin D, (ergocalciferol), a plant steroid. In the liver,
vitamins D, and D; are hydroxylated to 25-hydroxyvitamin
D, the storage form of vitamin D, which in turn is hydroxy-
lated in the kidney to the active form, 1,25-dihydroxyvitamin
D. PTH and 1,25-dihydroxyvitamin D maintain tight control
of the plasma ionized calcium level.

The plasma ionized calcium level is monitored by a
parathyroid cell membrane calcium-sensing receptor (CSR).

Bone

“Urine
(175 mg)

FIGURE 14. Regulation of calcium homeostasis. The flow of calcium through the body (net daily calcium flux) in a hypothetical healthy person with a typical
dietary calcium intake of 1000 mg/d is shown. In this example, 175 mg is absorbed by the gut and enters the extracellular fluid compartment (plasma and interstitial
fluid). The remaining 825 mg is lost in feces. After filtration of plasma by the kidney, most of the calcium is reclaimed from the filtrate, and in this example, 175 mg is
released in urine to maintain net zero change in total body calcium. Processes regulated by parathyroid hormone are indicated by white triangles, and those regu-

lated by 1,25-dihydroxyvitamin D are indicated by teal triangles.

59



Calcium and Bone Disorders

signaling is activated and causes PTH secretion to decrease;
when plasma ionized calcium levels are low, PTH secretion
increases. PTH activates bone resorption and distal nephron
calcium resorption. PTH also stimulates kidney production of
1,25-dihydroxyvitamin D, thereby increasing calcium absorp-
tion by the small intestine. If plasma ionized calcium levels
increase above the normal range, PTH secretion declines,
which leads to greater calcium losses by the kidneys, reduced
1,25-dihydroxyvitamin D production, and decreased calcium
absorption by the intestines. Both PTH and 1,25-dihydrox-
yvitamin D act on bone to facilitate calcium release.
Accordingly, the plasma ionized calcium level is maintained in
a narrow range, even at the expense of skeletal calcium when
necessary.

Hypercalcemia

Clinical Manifestations of Hypercalcemia
Clinical manifestations of hypercalcemia are the same,
regardless of its underlying cause. Most persons with mild
hypercalcemia (levels > the normal serum calcium level but
<12 mg/dL [3.0 mmol/L]) are asymptomatic, although
some report mild fatigue, depression, constipation, mild
polyuria, mild increase in thirst, or vague changes in cogni-
tion. Typical manifestations of hypercalcemia are more com-
mon with serum calcium levels of 12 to 14 mg/dL (3.0-3.5
mmol/L) and include anorexia, nausea, abdominal pain,
muscle weakness, and depressed mental status. Dehydration
caused by polyuria also is common because hypercalciuria
decreases the kidneys’ ability to concentrate urine. At cal-
cium levels greater than 14 mg/dL (3.5 mmol /L), lethargy,
disorientation, and coma may develop. The severity of the
symptoms is determined by the severity of the serum calcium
elevation, the rate of increase, and the overall health of the
affected person.

Patients with primary hyperparathyroidism (and thus, by
definition, hypercalcemia) in the setting of multiple endocrine
neoplasia (MEN) types 1 and 2 also may have specific mani-
festations of the other tumors associated with these syn-
dromes. Patients with hypercalcemia due to sarcoidosis may
have inflammatory or pulmonary symptoms. Because hyper-
calcemia of malignancy typically develops only when a sub-
stantial tumor burden is present, most patients with this type
of hypercalcemia already have symptoms related to an estab-
lished cancer diagnosis.

® Typical manifestations of hypercalcemia include
anorexia, nausea, abdominal pain, muscle weakness,
dehydration, and depressed mental status; symptom
severity is determined by the extent of the serum cal-
cium elevation, the rate of increase, and the overall
health of the affected person.
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Causes and Diagnosis of Hypercalcemia
Identifying the cause of hypercalcemia (Table 27) requires a
comprehensive history, physical examination, laboratory tests,
and, occasionally, imaging studies. Medications, foods, and
nutritional supplements should be reviewed. Family history
suggesting inherited disorders of calcium metabolism or
related conditions should be elicited. In addition to evaluat-
ing patients with suspected hypercalcemia for signs of dehy-
dration and depressed mental status, the clinician should
identify signs of common causes of hypercalcemia, such as
malignancy and granulomatous discases. Benign parathyroid
conditions do not produce a neck mass. Physical evidence of
osteoporosis or kidney stones should also be sought. Other
findings depend on the type of hypercalcemia involved (see
Table 27).

When an clevated serum calcium level is found, factitious
hypercalcemia—caused by increased levels of the plasma pro-
teins that bind calcium—must first be excluded in patients at
risk for this condition, including those with HIV infection,
chronic hepatitis, and multiple myeloma. The ionized calcium
level in these patients remains normal.

After hypercalcemia is confirmed, the next step is the
simultancous measurement of serum PTH and serum or
plasma ionized calcium levels. In the absence of plasma pro-
tein abnormalities, obtaining a total serum calcium level is
usually adequate; ionized calcium samples must be drawn
under anaerobic conditions and kept on ice for accurate
results. With normal parathyroid glands, hypercalcemia will
suppress PTH. If the serum calcium level is elevated and the
PTH level is high or inappropriately normal, the diagnosis of
PTH-mediated hypercalcemia or primary hyperparathy-
roidism is made (see later discussion) (Figure 15). If PTH
levels are low, causes of non-PTH-mediated hypercalcemia
should be considered (see later discussion). The serum creat-
inine level also may be acutely clevated in persons with hyper-
calcemia who are dehydrated or chronically elevated in those
with nephrocalcinosis. The serum phosphorus level may be
low in hypercalcemia associated with primary hyperparathy-
roidism, whereas hyperphosphatemia may occur if the cause
is vitamin D intoxication. By changing the set point for the
CSR, lithium therapy can lead to mild hypercalcemia and
mildly elevated PTH levels that mimic primary hyperparathy-
roidism but do not require intervention.

Parathyroid Hormone-Mediated Hypercalcemia

Description, Evaluation, and Treatment

Primary hyperparathyroidism is the most common cause of
hypercalcemia diagnosed in the outpatient setting. The
annual incidence of primary hyperparathyroidism in the
United States is approximately four per 100,000 persons. The
incidence peaks in the fifth to sixth decade of life, with a
female-to-male ratio of 3:2. The clinical manifestations of
hyperparathyroidism depend on its severity and chronicity.
The hypercalcemia of primary hyperparathyroidism often is
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TABLE 27. Differential Diagnosis of Hypercalcemia

Parathyroid Hormone Mediated

Primary hyperparathyroidism
Parathyroid adenoma(s)
Parathyroid hyperplasia
Parathyroid carcinoma

Tertiary hyperparathyroidism
Familial hypocalciuric hypercalcemia
Lithium therapy-associated hypercalcemia

Nonparathyroid Hormone Mediated

Malignancy-associated hypercalcemia
Humoral hypercalcemia of malignancy

carcinoma, T-cell lymphoma, islet cell neoplasms, myeloma)
1,25-Dihydroxyvitamin D (B-cell lymphoma)

Granulomatous diseases (sarcoidosis, tuberculosis)

Endocrinopathies (hyperthyroidism, adrenal insufficiency)

Immobilization

syndrome)

PTH-related protein (squamous cell carcinoma, adenocarcinoma of the breast or ovary, renal cell carcinoma, transitional cell

Local osteolytic hypercalcemia (myeloma, breast cancer, lymphoma)

Certain drugs (thiazide diuretics, excessive calcium supplements, vitamin D or A)

Other (increased plasma protein levels from factitious hypercalcemia, acute kidney failure, total parenteral nutrition, or milk alkali

PTH = parathyroid hormone.
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FIGURE 15. Relationship of calcium, PTH, and vitamin D status in normal conditions and in several diseases. PTH = parathyroid hormone.

diagnosed incidentally by routine blood testing before the
development of symptoms. This disorder also may be found
during the evaluation of osteoporosis or nephrolithiasis. In
75% to 80% of patients with primary hyperparathyroidism, a
solitary parathyroid adenoma is present; hyperplasia involving

multiple parathyroid glands is found in 15% to 20%, and
parathyroid carcinoma is present in less than 1%. Symptoms
associated with more severe or prolonged disease include
nephrolithiasis, kidney disease due to nephrocalcinosis,
fragility fractures, and bone pain.
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After the diagnosis of primary hyperparathyroidism is
established, additional testing may be necessary to determine
whether parathyroidectomy is warranted. Guidelines for sur-
gical intervention in patients with asymptomatic primary
hyperparathyroidism were updated at a National Institutes of
Health workshop in 2008 (Table 28). A parathyroid ses-
tamibi scan or ultrasound may locate the causative adenoma
but is not required to diagnose primary hyperparathyroidism.

No current medical therapy is as effective as surgery for
primary hyperparathyroidism. A 15-year long-term follow-up
study of patients who did not undergo parathyroidectomy
showed that one third developed disease progression and most
experienced additional bone loss by the study’s end. Patients
who do not have surgery can be monitored and, in some cases,
may benefit from medication. Dietary calcium should not be
restricted in these patients, and vitamin D deficiency should be
corrected to prevent further elevation of PTH and bone loss.
In those with low bone mass, a bisphosphonate will help slow
bone loss but will not control hypercalcemia. In patients with
symptomatic hypercalcemia who are not surgical candidates or
whose causative parathyroid adenoma cannot be localized, the
calcimimetic agent cinacalcet can control hypercalcemia.
However, this agent has multiple drug interactions and is very
expensive, and its long-term safety has not been established,
limiting its use to specific clinical situations.

A schedule recommending follow-up testing of persons
with primary hyperparathyroidism who do not undergo parathy-
roidectomy also was developed at the 2008 National Institutes
of Health workshop (Table 29). Patients who develop criteria
for parathyroidectomy should be referred for surgery.

Familial Forms of Hyperparathyroidism
Familial hypocalciuric hypercalcemia (FHH) is a rare autoso-
mal dominant condition caused by inactivating mutations of

TABLE 28. Indications for Surgical Intervention in
Patients with Primary Hyperparathyroidism

Increase in serum calcium level >1 mg/dL (0.25 mmol/L) above
upper limit of normal®

| Creatinine clearance <60 mL/min (0.06 L/min)?

T-score (on DEXA scan) of 2.5 or worse at the lumbar spine,
total hip, femoral neck, or distal radius?

Age <50 y?

Surgery also indicated in patients in whom medical

surveillance is neither desired nor possible, including those

with significant bone, kidney, gastrointestinal, or
neuromuscular symptoms typical of primary

| hyperparathyroidism

| DEXA = dual-energy x-ray absorptiometry.
“In otherwise asymptomatic patients.

Adapted from Bilezikian JP, Khan AA, Potts JT Ir; Third International Workshop on the
Management of Asymptomatic Primary Hyperthyroidism. Guidelines for the manage-
ment of asymptomatic primary hyperparathyroidism: summary statement from the Third
International Workshop. J Clin Endocrinol Metab. 2009;94(2):336. [PMID: 19193908
Copyright 2009, The Endocrine Society. |
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TABLE 29. Long-Term Monitoring of Patients with Primary
Hyperparathyroidism Who Do Not Undergo Parathyroidectomy

Test Interval
Serum calcium Annually .
Serum creatinine Annually '

|
Every 1-2 years at three sites (suchas |
the lumbar spine, hip, and distal
radius)

Bone densitometry

Management of Asymptomatic Primary Hyperthyraidism. Guidelines for the manage-

ment of asymptomatic primary hyperparathyroidism: summary statement from the Third

International Workshop. J Clin Endocrinol Metab. 2009;94(2):336. [PMID: 19193908]
Copyright 2009, The Endocrine Society.

Adapted from Bilezikian JP, Khan AA, Potts JT Jr; Third International Workshop on the i
|

[

|

|

the CASR gene. These mutations result in high serum cal-
cium levels and inappropriately normal to mildly elevated
serum PTH levels. Padents with FHH have low urine calcium
excretion, although this finding may occur in those taking thi-
azide diuretics, proton pump inhibitors, or lithium. FHH is
suspected in patients with a family history of asymptomatic,
stable, mild hypercalcemia and in patients whose urine cal-
cium to creatinine clearance ratio is very low (<0.01). The
diagnosis of FHH can be made on clinical grounds in a
patient with chronic mild hypercalcemia and hypocalciuria,
lack of symptoms or sequelac, and a family history of similar
findings. FHH can be confirmed with genetic testing for
CASR gene mutations, although not all mutations have been
characterized. FHH is usually a benign condition that
requires no intervention but should be recognized to prevent
unnecessary parathyroidectomy.

Familial hyperparathyroidism can occur as an isolated
entity or as part of the MEN syndromes (types 1 and 2).
These syndromes should be considered in all patients with
primary hyperparathyroidism, particularly those who are
young or have a personal or family history of a related
endocrinopathy. Knowing before surgery whether the hyper-
parathyroidism is familial or not is essential because patients
with inherited primary hyperparathyroidism often have
multigland parathyroid hyperplasia, and evaluation of all
parathyroid glands should occur during surgery. If MEN2 is
suspected, pheochromocytoma must be excluded before the
patient can safely undergo surgery, and the patient should be
evaluated for medullary thyroid cancer.

Nonparathyroid Hormone-Mediated Hypercalcemia

Causes and Diagnosis

Ifa patient’s serum calcium level is elevated and the PTH level
is appropriately suppressed to less than normal, then PTH-
independent hypercalcemia is likely. A non-PTH disorder is
most often responsible for acute hypercalcemia. Cancer is the
most common cause of PTH-independent hypercalcemia and
the most frequent cause of acute hypercalcemia in a hospital-
ized patient. When the PTH level is low and the patient does
not have a malignancy, diagnostic considerations should



m include nonmalignant causes, such as vitamin D intoxication or

CONT.

production of 1,25-dihydroxyvitamin D by granulomatous
" disease (such as sarcoidosis or tuberculosis) (see Table 27). [

Malignancy-Associnted Hypercalcemin

In malignancy-associated hypercalcemia, the serum calcium
elevation is usually moderate or severe, and the PTH level is
low (see Figure 15). Evidence of significant dehydration and
generalized debility is evident, as are other cancer-related
symptoms. In most instances, a cancer diagnosis has already
been established.

Humoral hypercalcemia of malignancy (HHM) results
from tumor production of a circulating factor that acts on
skeletal calcium release, renal calcium handling, or intestinal
calcium absorption. Rarely, this disorder can be caused by
unregulated production of 1,25-dihydroxyvitamin D (as in B-
cell lymphomas) or other mediators that interfere with calcium
homeostasis. The most common cause of HHM is PTH-
related protein (PTHrP). PTHIP is homologous to PTH, and
they share a common receptor. PTHrP and PTH both activate
osteoclasts to resorb bone, thereby decreasing calcium excre-
tion and increasing phosphate clearance by the kidneys.

Tumors that cause HHM by secreting PTHrP are typi-
cally squamous cell carcinomas (often of the lung), although
other tumors (such as breast and renal cell carcinoma) also
can be responsible. Tumors produce PTHrP in small
amounts. Therefore, HHM typically develops in patients with
a large tumor burden and is seldom the presenting feature of
a cancer.

Another form of malignancy-associated hypercalcemia is
local osteolytic hypercalcemia, which occurs when bony
metastases produce factors that activate bone resorption by
osteoclasts. The classic tumor associated with this syndrome
is multiple myeloma, although other neoplasms (breast can-
cer, lymphoma) may also be implicated.

e If the serum calcium level is elevated and the parathy-
roid hormone (PTH) level is high or inappropriately
normal in a patient with hypercalcemia, the diagnosis
is PTH-mediated primary hyperparathyroidism, most
often caused by a solitary parathyroid adenoma.

e Tumors that secrete parathyroid hormone-related
protein, typically squamous cell carcinomas, are the
most common cause of hypercalcemia of malignancy.

Treatment of Acute Hypercalcemia

m When the serum calcium level is severely elevated, treatment

should include rehydration and increasing urine calcium
excretion while simultaneously reducing bone resorption or
intestinal calcium absorption, depending on which is the main
source of the excess calcium.

Most patients with acute hypercalcemia have volume con-
traction, which further exacerbates their inability to excrete
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calcium. Therefore, the first intervention should be intra-
venous infusion of normal saline. Delivery of sodium and warer
to the distal nephron will enhance urine calcium excretion.
After intravascular volume is replenished, a loop diuretic, such
as furosemide, allows additional aggressive saline hydration and
may further enhance calcium excretion. However, evidence for
the efficacy of furosemide in this setting is lacking.

Nearly all causes of severe hypercalcemia involve
increased osteoclast activity, and thus drugs that inhibit bone
resorption are useful. The treatment of choice is an intra-
venous bisphosphonate, such as pamidronate or zoledronate.
Zoledronate has greater potency and a longer duration of
action than pamidronate. Caution should be exercised with
these agents in the setting of kidney dysfunction.

For more rapid resolution of hypercalcemia, subcutancous
injection of calcitonin can be used, cither alone or simultane-
ously with a bisphosphonate. Tachyphylaxis limits the eftec-
tiveness of calcitonin to a few days. In severe or refractory
hypercalcemia, low-calcium bath hemodialysis may be
required. Patients whose kidney function precludes the use of
bisphosphonates may respond to off-label use of denosumab,
which also reduces osteoclast-mediated bone resorption.

When hypercalcemia results from increased intestinal cal-
cium absorption, as occurs in vitamin D intoxication or gran-
ulomatous discases, glucocorticoid treatment is indicated (for
example, prednisone, 10-40 mg/d). Glucocorticoids directly
impair intestinal calcium transport and also inhibit kidney or
granulomatous 1o-hydroxylase activity, thereby resulting in
decreased production of 1,25-dihydroxyvitamin D. [H]

Long-term management should focus on addressing the
cause of hypercalcemia. Treatment of the underlying cause
may not lead to immediate lowering of the serum calcium
level and thus should be coupled with short-term manage-
ment interventions that should be continued until stabiliza-
tion is achieved.

e Treatment of acute hypercalcemia involves adminis-
tering intravenous fluids, increasing urine calcium
excretion, and reducing either bone resorption or
intestinal calcium absorption, depending on which is
the main source of excess calcium.

Hypocalcemia

Diagnosis and Causes of Hypocalcemia

Hypocalcemia is present when the serum calcium level is less
than normal. This diagnosis should be confirmed with repeat
measurements and a serum albumin measurement, given that
a low plasma calcium-binding protein level can cause a facti-
tious low serum calcium level. The measured serum calcium
level should be corrected for a low albumin level by adding
0.8 mg/dL (0.2 mmol/L) of calcium for cach 1 g/dL (10
g/L) of albumin that a patient’s serum albumin level is less
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than 4 g/dL (40 g/L). An accurate ionized calcium meas-
urement will circumvent these pitfalls.

Chronic mild to moderate hypocalcemia is usually
asymptomatic. However, when the serum calcium level is less
than 7.5 to 8.0 mg/dL (1.9-2.0 mmol/L) and the serum
albumin level is normal, a patient may develop symptoms of
neuromuscular irritability, including tremor, muscle spasms or
cramps, or paresthesias. On physical examination, Chvostek
sign (contraction of the ipsilateral facial muscles with tapping
of the facial nerve) and Trousseau sign (carpopedal spasm

Condition Laboratory Findings

induced by prolonged application of greater-than-systolic
pressure by a blood pressure cuft) may be noted. Tetany or
seizures may be seen if the serum calcium level becomes
severely low. Prolongation of the corrected QT interval and
bradycardia may be evident on an electrocardiogram, indicat-
ing that the patient is at risk for cardiac arrhythmias.

The cause of hypocalcemia usually is identified by obtain-
ing a careful history (Table 30). Dietary calcium and vitamin
D intake, inadequate sun exposure, gastrointestinal malab-
sorption, and alcohol intake should be discussed. Information

TABLE 30. Differential Diagnosis of Hypocalcemia ;

Comments |

Disorders of vitamin D metabolism
(vitamin D deficiency)

Lack of sunlight
Dermatologic disorders is present
Dietary deficiency

Malabsorption

Liver disease

Kidney disease

Vitamin D-dependent rickets,
type I (1o-hydroxylase deficiency)

Vitamin D resistance (vitamin
D-dependent rickets, type Il )

treated with vitamin D
Hypoparathyroidism

Postsurgical (most common
cause; seen after thyroid,
parathyroid, or neck surgery)

After external radiation therapy
to neck

Autoimmune (autoimmune
polyglandular syndrome)

Congenital (DiGeorge syndrome)

Infiltrative (hemochromatosis,
sarcoidosis)

PTH resistance
(pseudohypoparathyroidism)
25-hydroxyvitamin D level

Hypomagnesemia
Chronic diuretic use
Alcoholism
Diarrhea
Malabsorption

Certain drugs
(amphotericin B,
aminoglycosides, cisplatin)
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Mild hypocalcemia, hypophosphatemia,
elevated PTH level, and decreased
25-hydroxyvitamin D level; decreased
1,25-dihydroxyvitamin D level if kidney disease

Hypocalcemia, hypophosphatemia, and
elevated PTH level; elevated
1,25-dihydroxyvitamin D level when

Hypocalcemia, hyperphosphatemia, and a —_
low or inappropriately normal PTH level

Hypocalcemia, hyperphosphatemia, and
elevated PTH level with normal

Hypomagnesemia and hypocalcemia; PTH
level potentially low, normal, or high

Vitamin D deficiency widespread among
housebound and institutionalized older
persons and general medical patients with
disorders that predispose to altered vitamin
D metabolism

Vitamin D-receptor defect leading to
resistance to 1,25-dihydroxyvitamin D

Pseudohypoparathyroidism, type 1a, an
autosomal dominant disorder marked by
resistance to multiple hormones and Albright |
hereditary osteodystrophy (short stature,
obesity, round facies, brachymetacarpia, and
mental deficiency)

Hypomagnesemia potentially leading to
impaired PTH secretion and PTH resistance,
with impaired tissue responsiveness to PTH

(continued on next page)



TABLE 30. Differential Diagnosis of Hypocalcemia (continued)
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| Condition Laboratory Findings

Comments !

Medications

| Causing altered vitamin D

| metabolism (phenytoin,

| phenobarbital, isoniazid,

| theophylline, rifampin,
5-fluorouracil plus leucovorin)

Causing intravascular binding
(phosphate, foscarnet, EDTA,
citrated blood products)

Intravenous bisphosphonates
(especially in vitamin D deficiency;
contraindicated in hypocalcemia)

Extravascular deposition
Pancreatitis hypophosphatemia

Hungry-bone syndrome

Rhabdomyolysis

Tumor lysis syndrome

Osteoblastic metastases

Acute respiratory alkalosis
calcium levels

Artifactual hypoglycemia with

hypoalbuminemia ionized calcium levels

Hypocalcemia and low 25-hydroxyvitamin
D or 1,25-dihydroxyvitamin D level (with
agents that alter vitamin D metabolism)

Hypocalcemia and hyper- or

Sepsis Hypocalcemia and low PTH and
| 1,25-dihydroxyvitamin D levels

Normal serum calcium but low ionized

Low serum calcium and normal

Hypocalcemia potentially developing rapidly
with use of some medications, especially if
administered intravenously

In pancreatitis, hypocalcemia from the
deposition of calcium in the form of calcium
soaps; hyperphosphatemia suggestive of
rhabdomyolysis or tumor lysis syndrome
with release of phosphate from the bone;
hypophosphatemia seen in hungry-bone
syndrome or with osteoblastic metastases
(of prostate or breast cancer)

Sepsis most likely mediated by the action of
inflammatory cytokines on the parathyroid
glands, kidneys, and bone

Alkalosis leading to increased binding of
calcium ions to albumin

Reduced protein binding leading to lower
total serum calcium level, with normal
ionized fraction

EDTA = ethylenediaminetetraacetic acid; PTH = parathyroid hormone.

about previous head and neck surgery and irradiation should
be elicited because these are the most common causes of
acquired hypoparathyroidism. The risk for rarer conditions,
such as autoimmune discase and iron overload states, also
should be determined. Any history of pancreatitis, rhab-
domyolysis, tumor lysis syndrome, or ongoing transfusion
therapy should be investigated because all are potential causes
of hypocalcemia. If the patient’s history and physical exami-
nation findings do not reveal an obvious reason for the
hypocalcemia, simultancous measurement of PTH and serum
calcium levels will determine whether the process is PTH
mediated. A low or inappropriately normal PTH level in the
setting of a low calcium level indicates hypoparathyroidism.
An elevated PTH level is seen in secondary hyperparathy-
roidism and is an appropriate physiologic response of the
parathyroid glands to a low calcium level of any cause. These
measurements should be followed by kidney function testing
and measurement of magnesium, phosphorus, and 25-
hydroxyvitamin D levels (see Figure 15).

Unintentional removal or injury of parathyroid glands
during thyroidectomy can result in hypoparathyroidism with
hypocalcemia postoperatively. Patients who had severe pri-
mary hyperparathyroidism with. high bone turnover may

experience hungry bone syndrome after parathyroidectomy,
which is protracted hypocalcemia with deposition of large
quantities of calcium into the unmineralized bone matrix.

Autoimmune destruction or infiltrative diseases, such as
hemochromatosis, also may impair parathyroid function.
Additionally, congenital absence of the parathyroid glands
occurs in DiGeorge syndrome. Functional hypoparathy-
roidism may result from hypomagnesemia because magne-
sium is necessary for PTH release and action. Patients with
alcoholism can experience this type of hypoparathyroidism
and hypocalcemia related to their other nutritional deficien-
cies. Pseudohypoparathyroidism is caused by inherited PTH
resistance, which results in hypocalcemia accompanied by
marked elevations of the serum PTH level.

Hypocalcemia may occur in acute pancreatitis, in which
fatty acids released through the action of pancreatic enzymes
complex with calcium. Hypocalcemia due to the formation of
calcium phosphate complexes occurs in severe hyperphos-
phatemic states, such as kidney failure, rhabdomyolysis, and
tumor lysis syndrome. Hypocalcemia may also be seen in
patients given multiple erythrocyte transfusions using cells to
which calcium chelators have been added. Hypocalcemia due
to vitamin D deficiency is typically mild and asymptomatic.
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KEY POINTS

® Hypocalcemia is diagnosed after the serum calcium
level is less than normal on repeated measurements,
even after correction for hypoalbuminemia, if present.

e Ifa patient’s history and physical examination find-
ings do not clearly indicate a cause of hypocalcemia,
then kidney function and parathyroid hormone, mag-
nesium, phosphorus, and vitamin D levels should
be checked.

Treatment of Hypocalcemia

In patients with symptoms of marked hypocalcemia, calcium
should be delivered by slow continuous intravenous infusion
(for example, calcium gluconate as 0.5-1.5 mg elemental cal-
cium/kg/h) to raise the serum calcium level until symptoms
are relieved. Concurrently, any deficiency in magnesium or
vitamin D should be corrected. Oral calcium should be
administered as the intravenous infusion is tapered. ]

In patients with less severe hypocalcemia, oral adminis-
tration of calcium should be sufficient. Older persons and
those taking proton pump inhibitors may not absorb cal-
cium well, and thus higher dosages may be needed. Vitamin
D also should be provided. Recommended daily intake of
dietary calcium and vitamin D is provided in Table 31.
Patients who are vitamin D deficient may require replenish-
ment of their stores before starting a standard daily dose (see
later discussion).

In chronic hypoparathyroidism, long-term administra-
tion of 1,25-dihydroxyvitamin D is necessary because la-
hydroxylase will not be active in the kidney in the absence of
PTH. A starting dose of 0.25 microgram/d is typical, with
titration upward as needed. In patients with hypoparathy-
roidism, the serum calcium level should be kept at or slightly
lower than the lower limit of the normal range (sufficient to
relieve symptoms and reverse tetanic signs). Higher serum

TABLE 31.

U.S. Institute of Medicine 2010 Daily Recommended Intake of Calcium and Vitamin D2

calcium levels may exacerbate hypercalciuria, which increases
the risk of nephrocalcinosis or kidney stones. Periodic meas-
urement of 24-hour urine calcium excretion is recommended
to exclude hypercalciuria.

KEY POINT

e In patients with hypoparathyroidism, the serum cal-
cium level should be kept at or slightly less than the
lower limit of normal, at a level sufficient to relieve
symptoms and reverse tetanic signs; full normaliza-
tion of this level often results in hypercalciuria, which
increases the risk of nephrocalcinosis or kidney stones

Metabolic Bone Disease

Osteoporosis

Epidemiology and Physiology

Osteoporosis is defined as low bone mass involving trabecu-
lar bone microarchitecture and connectivity and a thinning of
cortical bone, which lead to decreased bone strength and an
increased risk of fracture (Figure 16). Osteoporosis results
from genetic factors and diseases and medications that affect
peak bone mass and contribute to the rate of bone loss with
aging. Osteoporosis can be diagnosed by measuring bone
mineral density (BMD), which reflects the bone calcium con-
tent and is a surrogate for bone mass. The World Health
Organization (WHO) states that in postmenopausal women
and men older than 50 years, osteoporosis is present when the
BMD T-score is 2.5 or more standard deviations (SD) less
than that of a healthy young adult reference population in
whom bone density is at its peak (see later discussion). The
presence of a vertebral or hip fracture sustained with low
trauma is also diagnostic of osteoporosis. Osteopenia is pre-
sent in this population when the T-scorc is 1.1 to 2.4 SDs less
than peak bone density.

Group Calcium Intake (mg) Upper Limit of Vitamin D Intake Upper Limit of Vitamin D
Calcium Intake (mg) (units) Intake (units)

Men and Women (19- 1000 2500 600 4000

50y, including women 5
| who are pregnant and :
| lactating)
| Men (51-70y) 1000 2000 600 4000
| Women (51-70) 1200 2000 600 4000
| Men and Women

(>70y) 1200 2000 800 4000

tures in adults.

“For adults age 19 years and older.

*Released November 30, 2010, before U.S. Preventive Services Task Force recent draft statement on vitamin D and calcium supplementation for prevention of cancer and osteoporotic frac-

Adapted with permission from The National Academies Press, Copyright 2011, National Academy of Sciences. Institute of Medicine of the National Academies. DRIs for Calcium and Vitamin ‘
D. 11/30/2011. Available at www.iom.edu/Reports/2010/Dietary-Reference-Intakes-for-Calcium-and-Vitamin-D.aspx. Accessed June 13, 2012,
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FIGURE 16. Osteoporotic bone. These images are three-dimensional
micro-CT images of trabecular bone in the distal radius of a woman with nor-
mal bone density (top) and a woman with osteoporosis (bottom). Note the
thinning and loss of trabeculae, which lead to loss of resistance to fracture.

Reprinted from Best Practice and Research in Clinical Endocrinology and Metabolism, 22(5).
Griffith JF, Genant HK. Bone mass and architecture determination: state of the art. 752.
[PMID: 19028355] Copyright 2008, with permission from Elsevier.

Peak bone mass is achieved in the late 20s or carly 30s;
after this age, bone density decreases slowly. Because peak
bone mass is lower in women than men, women experience
higher rates of fracture. The most common sites of fragility
fractures are the hips, distal forearms, and vertebrae. The life-
time risk of experiencing any fragility fracture for white
women is close to 50%, and for white men is close to 20%.
The incidence of hip fracture in women and men at age 65
years is approximately 300 and 150, respectively, per 100,000
person-years. These rates increase to approximately 3000 and
2000, respectively, per 100,000 by age 85 years. Black per-
sons generally have a higher BMD and lower risk for fracture
than their white, Hispanic, or Asian counterparts. Hip frac-
ture carries the highest morbidity and mortality of all frac-
tures. Deaths typically occur from associated complications,
such as pulmonary embolism and pneumonia. At least onc
third of patients with hip fracture return to their previous level
of functioning, but 20% will require long-term nursing care.
Because of the high cost to patients and insurers, preventing
hip fracture is a major focus of ostcoporosis management.

Bone remodeling occurs continuously in adults. A cycle
of bone remodeling begins with the recruitment of bone-
resorbing osteoclasts. Osteoblasts are then recruited and fill
the resorption pit with new bone matrix. The matrix is then
mineralized with hydroxyapatite. Through the process of
bone remodeling, the skeleton is constantly rejuvenated and
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mineral stores of the skeleton are made available to the body
as needed. With advancing age, slightly less bone is formed
than was resorbed during each remodeling cycle, which
results in the gradual decline in bone mass with aging (see
Figure 16). With this decrcase in bone mass comes a con-
comitant increase in fracture risk. The age-related decline in
bone mass occurs at a rate of approximately 0.1% to 0.5% per
year in both sexes. In women, however, the rate of bone loss
accelerates in the perimenopausal period and carly
menopause because of estrogen deficiency. After this period,
a woman may have lost one quarter to one third of her total
skeletal mass.

Risk factors for low bone mass and the resultant
increased risk of fracture are shown in Table 32.

Evaluation

Measurement of bone density is an essential tool to assess
fracture risk. Of the available modalities, dual-energy x-ray
absorptiometry (DEXA) has the highest accuracy and preci-
sion and is most widely used in large clinical trials of osteo-
porosis medications. In a typical DEXA report, the BMD
measurements are converted to T-scores and Z-scores
(Figure 17). The T-score is the number of SDs the patient’s
BMD is higher or lower than the mean reference value for
young, healthy, sex-matched persons at peak bone density.
The Z-score represents the number of SDs the patient’s BMD
is higher or lower than the mean value for persons of the
patient’s age and sex. The T-score is used to diagnose osteo-
porosis and predict fracture risk. The most common sites
measured by DEXA are the proximal femur and lumbar spine.
In women, cach SD less than the peak bone mass represents
a loss of 10% to 12% of bone mineral content and corresponds
to an approximately 2- to 2.5-fold increase in fracture risk at
that site.

The 2010 National Osteoporosis Foundation (NOF)
guidelines for ostcoporosis screening appear in Table 33.
DEXA is also appropriate to use in patients with conditions
affecting bone mass (such as hyperparathyroidism) and for
monitoring patients receiving osteoporosis therapy. When
patients begin prescription osteoporosis therapy, their T-
scores will improve slightly, but their fracture risk may decline
by as much as 30% to 50%. Therefore, in patients receiving
therapy for ostcoporosis, BMD changes over time, rather
than T-scores, should be monitored every 1 to 2 years using
the same densitometer.

After the diagnosis of osteoporosis is made, the clini-
cian should consider a selective evaluation for secondary
causes of low bone mass if the patient’s age and comorbid
conditions do not provide an explanation (Table 34). A
comprehensive history and physical examination can reveal
underlying conditions associated with bone loss. The eval-
uation also should assess the patient for risk factors of low
bone mass (see Table 32). Routine blood chemistry studies
are reasonable, including a complete blood count and
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TABLE 32. Risk Factors for Low Bone Mass and Fractures

Nonmodifiable Risk Factors

Advanced age

Female sex

First-degree relative with history of hip fracture
Personal history of fragility fracture
Postmenopausal status

White or Asian ancestry
Modifiable Risk Factors

Alcohol abuse
Low body weight
Sedentary lifestyle
Smoking

Conditions

Anorexia nervosa |
Chronic kidney disease
Chronic liver disease

COPD

Cushing syndrome

Growth hormone deficiency
Hyperparathyroidism
Hypogonadism

Intestinal malabsorption
Monoclonal gammopathy

Organ transplantation
Rheumatoid arthritis
Thyrotoxicosis

Medications

Carbamazepine

Corticosteroids

Depot medroxyprogesterone acetate
Leuprolide

Phenytoin

Proton pump inhibitors

Causes of Falls

Cognitive decline

Decreased mobility

Impaired neuromuscular function [

Low visual acuity

| Sedative drug use
62 g
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DXA Results Summary:

Region Area BMC BMD T- Z-

(cm?) (g (glem?) Score Score
Neck 4.75 2.76 0.580 -2.4 -1.7
Troch 7.95 3.58 0.450 -2.5 -2.1
Inter 20.10 14.78 0.735 -2.4 -2.1
Total 32.80 21.11 0.644 -2.4 -2.0

FIGURE 17. Sample hip dual-energy x-ray absorptiometry report. The
scan image of the left hip region shows positioning of the hip, with regions
analyzed outlined in yellow. Of particular interest are the total hip (contents of
large rectangle) and the femoral neck (contents of small rectangle). The analy-
sis provides the bone mineral density and the patient’s results expressed as Z-
scores (standard deviations from same-age reference group) and T-scores
(standard deviations from young adult reference group at peak bone mass).
This patient has osteopenia (T-score of —2.4) in both the femoral neck and
total hip. The Z-scores indicate that the bone density is considerably below the
age-matched reference range, which raises concer that a condition besides
aging has contributed to bone loss. BMC = bone mineral content; BMD = bone
mineral density; DXA = dual-energy x-ray absorptiometry; Inter =
intertrochanteric space; Troch = greater trochanter.

measurement of serum levels of calcium, phosphorus, elec-
trolytes, creatinine, 25-hydroxyvitamin D, and alkaline
phosphatase. Measurement of the serum PTH level is rec-
ommended if the serum calcium level is elevated. An ele-
vated PTH level in the setting of a low calcium level and /or
low 25-hydroxyvitamin D level indicates secondary hyper-
parathyroidism, which also can cause bone loss. Subclinical
hyperthyroidism should be ruled out by determining the
serum thyroid-stimulating hormone level. A 24-hour urine
calcium level may reveal calcium malabsorption or excessive



TABLE 33. Guidelines for Osteoporosis Screening

I
Women age 265y [

Men and women age >50 y with fragility or low-trauma
fracture

Postmenopausal women age <65 y with one or more of the |
following risk factors for future fragility fracture: personal ‘
history of fracture, secondary cause of low bone mass, low

body weight, current smoker, alcohol abuse, or a first-degree
family member with a hip fracture

Men and premenopausal women with secondary cause of low
bone mass or personal history of low trauma or fragility [
fracture [

Data from National Osteoporosis Foundation. Clinician’s Guide to Prevention and
Treatment of Osteaporosis. Available at:

www.nof org/sites/default/files/pdfs/NOF_ClinicianGuide2009_v7.pdf, p 13-14. Accessed
May 11, 2012,

TABLE 34. Secondary Causes of Low Bone Mass

Endocrine disorders: hyperparathyroidism, osteomalacia,
Cushing syndrome, hypogonadism, hyperthyroidism, .
acromegaly, and diabetes mellitus ;

| Hematopoietic disorders: myeloma, sickle cell disease,
| thalassemia minor, leukemia, lymphoma, and polycythemia
vera

Connective tissue disorders: systemic lupus erythematosus and
rheumatoid arthritis

Kidney disease: chronic kidney disease, renal tubular acidosis, |
and hypercalciuria [

Gastrointestinal conditions: malabsorption (gastrectomy,
primary biliary cirrhosis, celiac disease, gastric bypass surgery,
pancreatic insufficiency, and inflammatory bowel disease)

| Exogenous: corticosteroids, proton pump inhibitors,

| anticonvulsants, heparin, gonadotropin-releasing hormone
| agonists, depot medroxyprogesterone, chemotherapeutic
agents, and excessive alcohol

Genetic: osteogenesis imperfecta, homocystinuria, Marfan :
syndrome, cystic fibrosis, and hemochromatosis

Lt

kidney calcium losses. Testosterone levels should be
checked in men who have risk factors or symptoms of
hypogonadism, with replacement therapy initiated if indi-
cated. Testing for monoclonal gammopathy in older adults
may be appropriate because asymptomatic monoclonal
gammopathy may cause bone loss. If no cause is found for
the osteoporosis, it is considered idiopathic. Idiopathic
osteoporosis is rare in premenopausal women but accounts
for approximately 50% of osteoporosis in men of all ages.

Prediction of Fracture Risk

The DEXA T-score allows the prediction of a patient’s relative
fracture risk. The Fracture Risk Assessment Tool (FRAX) devel-
oped by the WHO was designed to predict the absolute fracture
risk. Based on data from cohorts around the globe, the FRAX
is a Web-based tool (http:www.shefac.uk/FRAX/index.jsp)
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that incorporates major risk factors and a patient’s femoral
neck T-score (if available) to calculate an absolute fracture risk
over the next 10 vears.

FRAX does not include all components of a patient’s
fracture risk, such as tendency to fall. The effect of osteo-
porosis drugs on fracture risk as calculated with FRAX is
unknown. Nevertheless, the NOF now recommends that
FRAX be used as a component of decision-making when
deciding which patients with osteopenia may benefit from
treatment with antiosteoporotic medications.

Prevention of Osteoporosis and Fracture

First Steps

Lifestyle modifications and adjustment of modifiable risk fac-
tors (see Table 32) are the first steps in preventing or treating
osteoporosis. Physical therapy evaluation may be appropriate
for patients considered at high risk for falls. For frail older
patients, medications that may predispose to dizziness should
be avoided.

Persons of all ages must consume adequate amounts of
both calcium and vitamin D to maintain bone health.
Additionally, calcium and vitamin D supplementation has a
beneficial effect on postmenopausal bone loss, although not
as dramatic as is scen with antiresorptive or anabolic thera-
pies. Recently, the recommended daily allowances of calcium
and vitamin D were revised by the U.S. Institute of
Medicine (IOM) (sce Table 31), and a new vitamin D
guideline was provided by the Endocrine Society in 2011.
However, controversy exists about the need for higher
dosages of calcium and vitamin D supplementation in some
populations. In June 2012, the U.S. Preventive Services
Task Force (USPSTF) released a draft recommendation
statement recommending against supplementation with
greater than 1000 mg/d of calcium or with 400 units/d or
more of vitamin D for primary prevention of fractures in
healthy community-dwelling women who are post-
menopausal because of lack of evidence showing safety or
efficacy. The USPSTF does, however, recommend vitamin
D supplementation for preventing falls in noninstitutional-
ized older persons.

Antiosteoporosis Pharmacologic Therapy

Osteoporosis is most often prevented or treated with antire-
sorptive agents (Table 35). FDA-approved antiresorptive
agents for the treatment of low bone mass include bisphos-
phonates, selective estrogen receptor modulators, and calci-
tonin. All of these agents reduce vertebral and nonvertebral
(multiple sites, including the hip) fracture rates by 30% to
60% over 2 to 3 years. Only some of the bisphosphonates
(and estrogen) have been shown specifically to reduce hip
fracture risk. For the prevention of osteoporosis in women,
the antiresorptive agents approved by the FDA are alen-
dronate, ibandronate, risedronate, zoledronate, raloxifene,
and estrogen.
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TABLE 35. FDA-Approved Medications for Osteoporosis and Approved Indications
| Medication Postmenopausal Osteoporosis Osteoporosis Corticoster?id-lnduced
‘ in Men Osteoporosis
Prevention Treatment Treatment Prevention Treatment
Estrogens? Yes No No No No
Calcitonin? No YesP No No No
Raloxifene Yes Yes No No No
Alendronate2¢ Yes Yes Yes No Yes
Ibandronated Yes Yes No No No
Risedronate®® Yes Yes Yes Yes Yes
Zoledronatef Yes Yes Yes Yes Yes
Denosumab? No Yes No No No
Teriparatide No Yes Yes No No
2Generic preparation available in the United States. ‘
“More than 5 years after menopause. ‘
“Oral daily or weekly dosing. |‘
| 9Oral monthly dosing; intravenous dosing every 3 months. |
“Oral daily, weekly, or monthly dosing. ‘
‘Intravenous dosing once yearly.
%Subcutaneous injection every 6 months. J

Bisphosphonates bind to the bone matrix and decrease
osteoclast activity, thereby slowing bone resorption while new
bone formation and mineralization continue. Alendronate
and risedronate have been studied most extensively; over a
period of 2 to 3 years, these drugs produce a 6% increase in
bone density and a 30% to 50% reduction in fracture risk at
both vertebral and nonvertebral sites. Ibandronate reduces
the risk of vertebral fracture by as much as 50% after 3 years
of therapy but has not been shown in clinical trials to prevent
hip fracture. No clear benefit of newer bisphosphonate drugs
versus older agents has been demonstrated; the older drugs
are available in generic form and may be more cost-effective
tor long-term therapy (see Table 35). Esophagitis is a risk of
oral bisphosphonate therapy, and thus these agents are con-
traindicated in patients with active esophageal disease or swal-
lowing disorders. Intravenous bisphosphonates are preferred
for women with postmenopausal osteoporosis who are unable
to take oral bisphosphonates or who desire the convenience
of less frequent dosing. However, the costs of these drugs and
their administration are significantly greater than those of
available oral agents. Intravenous ibandronate is given every
3 months, whereas zoledronate is administered annually.
Zoledronate reduces the risk of fracture of the hip and other
skeletal sites. An acute-phase reaction (flulike symptoms for
several days) is a common adverse effect of zoledronate.
Bisphosphonate therapy is not recommended for patients
with impaired kidney function (creatinine clearance less than
30-35 mL/min [0.030-0.035 L/min] [normal, 90-140
mL/min {0.09-0.14 L/min}]).
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Osteonecrosis of the jaw has been described in patients
taking bisphosphonates and is more likely to occur in patients
undergoing treatment for cancer who receive frequent doses
of intravenous bisphosphonates. The risk of this complication
with the dosages used for osteoporosis treatment is estimated
at 1in 10,000. Special care is necessary when patients require
dental procedures because extractions may increase the risk of
osteonecrosis. Persons with any defect in jaw architecture or
with upcoming jaw surgery should not take bisphosphonates.
Stopping ongoing therapy for dental procedures is of limited
utility because the agents remain in the bone matrix long after
discontinuation. Bisphosphonates should be avoided in
women of childbearing age. Because of the long biologic half-
life of bisphosphonates, a theoretical risk of passage to the
fetus exists, even in patients no longer taking them.

Given the persistence of bisphosphonates in the bone
matrix, concern exists about adverse effects of prolonged
therapy, including an association with atypical femoral frac-
tures. To date, bisphosphonates have not been conclusively
proved to be causative. Nevertheless, the FDA issued a Drug
Safety Communication in 2010 recommending that patients
receiving bisphosphonate therapy be reassessed periodically,
particularly after 5 years of use, to determine if treatment
remains appropriate. Many experts recommend that after 5
years of therapy, patients be considered for a “drug holiday”
lasting 2 years or more. For patients with severe osteoporo-
sis or ongoing fractures, treatment with teriparatide during
the bisphosphonate drug holiday should be considered.
Persons on drug holiday should be monitored for fracture



and evidence of reactivaton of bone loss (by BMD testing
every 1-2 years); therapy should be restarted if reactivation of
bone loss is evident.

Raloxifene, a selective estrogen receptor modulator, is an
estrogen agonist in bone but an estrogen antagonist in the
breast and uterus. Vertebral fracture risk reduction with
raloxifene is comparable to that of estrogen or bisphospho-
nate therapy. Raloxifene has not been shown, however, to
prevent hip fractures. Also, patients treated with raloxifene
have a 1.4- to 1.5-fold increased risk of fatal stroke and
thromboembolism. Raloxifene is a good choice for women
whose bone loss is primarily in the spine, who have a relatively
low risk of hip fracture, and who are unable to tolerate oral
bisphosphonates. Although generally well tolerated, this drug
may exacerbate menopausal hot flushes. Raloxifene is not
approved for use in men or premenopausal women.

The beneficial effects of calcitonin are much less pro-
nounced than those of other antiresorptive agents.
Calcitonin injections and nasal spray are approved for the
treatment of established osteoporosis but not for its preven-
tion. Calcitonin has been shown to prevent primarily verte-
bral fractures and is generally safe and well tolerated.
Because of the availability of other safe and more potent
drugs, calcitonin is rarely used for osteoporosis treatment
except when other options are lacking.

The use of estrogen to maintain bone health has fallen
out of favor because of data from the Women’s Health
Initiative indicating that estrogen increases the risk of car-
diovascular disease and breast cancer. Therefore, estrogen
use for osteoporosis prevention should be limited to women
who also require its beneficial effects for hot flushes or vagi-
nal dryness.

Denosumab is the newest available antiresorptive agent.
This drug is a humanized monoclonal antibody directed
against the receptor activator of nuclear factor kB (RANK)
ligand, a key signal in activating bone resorption. This leads
to decreased osteoclastogenesis. Approved only for women
with postmenopausal osteoporosis and a high risk of fracture,
denosumab is administered by injection every 6 months.
Fracture prevention by denosumab is comparable to that seen
with bisphosphonate therapy. Common adverse effects
include musculoskeletal pain, hyperlipidemia, and cystitis. An
increased risk of infections, particularly skin infections, and
osteonecrosis of the jaw also have been reported in association
with denosumab use. Denosumab is not appropriate for use
in persons who are immunosuppressed or who have hypocal-
cemia. Given its similar efficacy for fracture prevention as bis-
phosphonates and its significant risk factor profile and
expense, denosumab is not generally used for routine treat-
ment of postmenopausal osteoporosis.

Teriparatide (recombinant human PTH [1-34]) is cur-
rently the only available anabolic agent for osteoporosis ther-
apy in the United States and is generally used in patients with
severe osteoporosis (T-score <-3.5), recurrent fractures, or
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continuing bone loss while taking other medications.
Although chronic elevation of the serum PTH level results in
bone loss, transient spikes have anabolic effects on bone. A
daily subcutancous injection of teriparatide provides a brief
increase in the serum PTH level and results in increased
BMD. The effects are particularly dramatic in the spine; one
study comparing 14 months of teriparatide therapy with alen-
dronate treatment showed that alendronate-treated patients
had a 5.6% increase in lumbar spine BMD, whereas teri-
paratide-treated patients had a 12.2% increase. Teriparatide
has a “black box” warning from the FDA concerning a risk of
osteosarcoma, which is based on the increased incidence seen
in rats. For this reason, the drug is administered for no longer
than 2 years, and its use is contraindicated in patients with
hyperparathyroidism, Paget discase, unexplained elevaton of
the alkaline phosphatase level, malignancy involving bone, or
a history of radiation therapy. Selection of patients for this
costly and potent drug requires care, and consultation with an
endocrinologist should be considered.

Simultaneous administration of teriparatide and oral
bisphosphonates impairs the anabolic effects of teriparatide
and thus is not recommended. When bisphosphonates are
used after completion of a course of teriparatide, the increase
in BMD due to teriparatide therapy is preserved and fol-
lowed by additional gain during subsequent bisphosphonate
treatment. In clinical practice, many patients being consid-
ered for teriparatide therapy have already received long-term
bisphosphonate therapy. Whether these patients benefit as
much from teriparatide as bisphosphonate-naive patients do
is unclear.

The most comprehensive set of guidelines for identify-
ing patients who will benefit from treatment of low bone
mass were updated by the NOF in 2010 (Table 36).
Follow-up DEXA (using the same machine, if possible) is
recommended every 1 to 2 vears initially to monitor
response to therapy. Stable or improved bone density indi-
cates appropriate response to therapy. Bone loss while receiving

TABLE 36. NOF 2010 Guidelines for Pharmacologic
Treatment of Patients with Osteoporosis

Men age >50 y or postmenopausal women with osteoporosis
OR prior vertebral or hip fracture

Men age >50 y or postmenopausal women with osteopenia
AND a prior fragility fracture or other medical issues that
increase fracture risk ‘

Men and women with osteopenia AND a 3% or greater
probability of hip fracture or a 20% or greater probability of
other major osteoporotic fracture over the next 10 years?

NOF = National Osteoporesis Foundation.

percentages determined by using the U.S.-adapted WHO Fracture Risk Assessment Tool
(FRAX) algorithm.

Data from National Osteoporosis Foundation. Clinician's Guide to Prevention and |
Treatment of Osteoporosis. Available at: www.nof.org/sites/default/files/pdfs/ |
NOF_ClinicianGuide2009_v7.pdf. Accessed July 5, 2012,

- =
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therapy should prompt evaluation of medication adherence
and unrecognized secondary causes of bone loss (as dis-
cussed previously).

KEY POINTS

® Dual-energy x-ray absorptiometry has the highest
accuracy and precision of the modalities available for
measuring bone mineral density and assessing fracture
risk and is most widely used in large clinical trials of
osteoporosis medications.

Osteoporosis is most often treated with antiresorptive
agents, such as bisphosphonates, selective estrogen
receptor modulators, and calcitonin; teriparatide is
currently the only available anabolic agent for osteo-
porosis treatment in the United States.

Osteomalacia

In ostcomalacia, the bone matrix is normal in quantity but
weakened by insufficient mineral content. Osteomalacia in
the growing skeleton is termed rickets and is associated with
bony deformities, including bowing of the legs. Causes of
ostcomalacia include deficiencies of calcium, phosphate, or
vitamin D, but inhibition of mineralization from any cause
may be responsible. These deficiencies may result from
nutritional insufficiency, intestinal malabsorption, or abnor-
malities in vitamin D metabolism due to liver discase, kid-
ney disease (renal tubular acidosis, chronic kidney discase),
or antiepileptic drugs. Rarely, ostcomalacia occurs because
of genetic vitamin D resistance, inherited kidney disorders
of phosphate wasting, or oncogenic osteomalacia (a
humoral syndrome of increased urine phosphate loss asso-
ciated with rare tumors of mesenchymal origin). Osteo-
malacia presents in adults as proximal muscle weakness and
diffuse or focal skeletal pain. Osteomalacia also can be
asymptomatic, with diagnosis based on clinical evaluation
and laboratory and imaging results. Decreased or low-nor-
mal levels of calcium and phosphorus are noted, as is an ele-
vated alkaline phosphatase level. Depending on the cause,
decreased levels of either 25-hydroxyvitamin D or 1,25-
dihydroxyvitamin D may be seen. Plin films may show
osteopenia or pseudofractures. When necessary, the diag-
nosis can be confirmed with a bone biopsy analyzed by an
experienced bone pathologist.

The treatment of osteomalacia depends on the patho-
genesis of the condition. For patients with dietary insuffi-
ciency or malabsorption of vitamin D, high doses of chole-
calciferol and calcium (see Table 31) will rapidly correct
deficits and heal the bone. An assessment for underlying dis-
orders (such as celiac disease, which may be asymptomatic)
should be performed, with other evaluations if indicated.
Phosphate-wasting conditions require a different approach,
such as phosphate supplementation or localization and
removal of any causative tumor.
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KEY POINT

e For most patients with osteomalacia caused by dietary
insufficiency or malabsorption of vitamin D, adminis-
tration of high doses of cholecalciferol and calcium
will rapidly correct deficits and heal the bone.

Vitamin D Deficiency

Guidelines for screening for vitamin D deficiency are lacking,
but risk factors include advanced age, dark skin, low sun expo-
sure, and fat malabsorption. Vitamin D deficiency is diag-
nosed in patients with a low serum 25-hydroxyvitamin D
level. The optimal level is currently a matter of debate, with
the IOM recommending a level of 20 ng/mL (50 nmol /L)
and the Endocrine Society endorsing a level of 30 ng/mL (75
nmol/L). Vitamin D levels are adequate for skeletal health at
20 ng/mL (50 nmol/L), but nonskeletal benefits may
require a level of 30 ng/mL (75 nmol /L). The evidence sup-
porting skeletal benefits at a vitamin D level of 20 ng/mL (50
nmol /L) is more robust than is the evidence for the nonskele-
tal benefits achieved at a level of 30 ng/mL (75 nmol/L).
The IOM (see Table 31) and the Endocrine Society recom-
mend the same daily vitamin D dose for cach demographic
group, but the Endocrine Society cautions that adults may
need doses as high as 1500 to 2000 units/d to achieve their
recommended serum target level of 30 ng/mL (75 nmol /L)
(but see previous discussion of the draft recommendation
statement from the USPSTEF). For those found to be vitamin
D deficient (defined as a 25-hydroxyvitamin D level less than
20 ng/mL [50 nmol/L]), the Endocrine Society recom-
mends a course of ergocalciferol, 50,000 units weekly for 8
weeks, followed by confirmation of a normal scrum 25-
hydroxyvitamin D level.

Paget Disease of Bone

Clinical Features and Evaluation

Paget disease of bone is a condition in which abnormal
osteoclast function leads to accelerated and disordered
bone remodeling, which produces highly disorganized and
brittle bone microarchitecture in affected areas. This
process sometimes leads to deformity of affected bones,
increased bone vascularity, nerve impingement syndromes,
and a propensity to fracture. Paget disease of bone is com-
monly seen in older persons and may be familial. The pre-
cise cause is unknown, although an inherited or viral origin
(or a combination of the two) is suspected. Most persons
with Paget discase are asymptomatic, with increased serum
alkaline phosphatase levels detected incidentally on blood
testing or pathognomonic changes discovered on radi-
ographs. If the discase is severe or extensive, bony defor-
mity and pain result, cither from the bony lesions them-
sclves or from complications of the abnormal bone, such as
nerve compression, degenerative arthritis or osteosarcoma.
The skull may be enlarged, and significant bowing of the



long bones of the legs may occur. Skull involvement may
cause a sensorineural hearing loss, and bony overgrowth
may lead to local impingement on spinal nerve roots with
pain or neurologic deficits. Rare complications include
high-output heart failure from multiple vascular shunts in
bone and transformation to osteosarcoma.

The diagnosis of Paget disease typically is made after
finding isolated clevation of the serum alkaline phos-
phatase level without other evidence of liver discase. A
nuclear bone scan is then performed to locate the involved
arcas (Figure 18). Plain radiographs of these areas should
be evaluated to exclude metastatic disease and confirm the
pagetic findings.

Treatment

Treatment of Paget diseasc is indicated for patients with bone
pain and for patients with involvement of the skull, weight-
bearing bones, or joints. The goal of treatment is to decrease
pain and reduce risk of pathologic fracture. High-dose antire-
sorptive agents are given, such as a 2-month course of rise-
dronate, 30 mg/d orally, or a single dose of an injectable bis-
phosphonate (sce previous discussion). Injectable calcitonin is
less effective but can be used in patients with impaired kidney
function. Discase activity and response to therapy are assessed
by serial measurement of alkaline phosphatase levels. The goal
of treatment is normalization of the alkaline phosphatase
level. Retreatment is indicated if the alkaline phosphatase level
(checked every 3 to 6 months) is greater than normal.
Patients with skull involvement should also have periodic
audiometry to exclude hearing loss.
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FIGURE 18. Whole-body bone scan images from a patient with Paget dis-
ease showing intense tracer uptake in the right proximal tibia, pelvis, left
proximal femur and lumbar spine. ANT = anterior; LT = left; POST = posterior;
RT = right.

Reprinted with permission from Physician’s information and Education Resource (PIER).
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Each of the numbered items is followed by lettered answers. Select the ONE lettered answer that is BEST in each case.

Item 1

A 62-year-old man is evaluated before having panretinal
laser photocoagulation therapy in both eves. He has an
18-year history of type 2 diabetes mellitus. He also has
diabetic neuropathy and hypertension. At his annual
retinal eye examination last week, his vision had deteri-
orated to 20,/30 in his right eye and 20,/40 in his left
eye; new blood vessels are seen growing on the optic
discs of both eyes. Medications are metformin, insulin
glargine, simvastatin, ramipril, enteric-coated aspirin,
and hydrochlorothiazide.

On physical examination, temperature is 36.9 °C
(98.4 °F), blood pressure is 147 /86 mm Hg, pulse rate is
88/min, and respiration rate is14,/min; BMI is 34. Other
than the presence of proliferative diabetic retinopathy, phys-
ical examination findings are unremarkable.

Which of the following is the most likely outcome of
the planned procedure:?

(A) Diminished central vision with retention of peripheral
vision

(B) Diminished peripheral and night vision with reten-
tion of central vision

(C) Improvement of vision (to 20,/20) in both eyes

(D) Loss of binocular vision and depth perception

Item 2

A 61-year-old man is evaluated after a CT scan obtained
because of right epigastric pain showed a 7-cm right adrenal
mass. The patient reports no change in weight or appetite
and no history of hypertension, palpitations, headaches, or
excess sweating. He takes no medication.

Physical examination shows a man with normal fea-
tures. Temperature is 36.7 °C (98.1 °F), blood pressure is
122 /76 mm Hg, pulse rate is 74,/min and regular, and res-
piration rate is 16/min; BMI is 29. No plethora, muscle
wasting, weakness, or ecchymosis is noted.

Results of laboratory studies, including measurement
of serum electrolyte, cortisol, and adrenocorticotropic
hormone levels and of the 24-hour urine metanephrine
level, are normal, as are results of a dexamethasone sup-
pression test.

The previously obtained CT scan shows a 7-cm right
adrenal mass with an attenuation factor of 77 Hounsfield
units and a normally sized left adrenal gland. No lym-
phadenopathy or other masses were detected.

Which of the following is the most appropriate man-
agement?

(A) Biopsy of the adrenal mass

(B) Right adrenalectomy

(C) Serum aldosterone to plasma renin activity ratio
determination

(D) 24-Hour measurement of urine cortisol excretion

Item 3

An 18-year-old woman is evaluated for a 6-month history
of amenorrhea. The patient underwent menarche at age 13
years and had normal menstrual cycles until 6 months ago.
She reports no hot flushes, night sweats, weight changes, or
cold or heat intolerance. She has had no uterine procedures
and has no family history of thyroid disease or primary ovar-
ian insufficiency.

On physical examination, vital signs are normal; BMI
is 22. No evidence of hirsutism, acne, alopecia, clit-
oromegaly, or galactorrhea is found.

Results of laboratory studies are normal, including
serum follicle-stimulating hormone, human chorionic
gonadotropin, prolactin, free thyroxine (T,), and thyroid-
stimulating hormone levels.

Which of the following is the most appropriate next
diagnostic step?

(A) Measurement of total testosterone and dehy-
droepiandrosterone levels

(B) MRI of the pituitary gland
(C) Pelvic ultrasonography
(D) Progesterone challenge testing

Item 4

A 28-year-old woman is evaluated for a L-year history of a
nonpainful swelling in her neck. Her health has been oth-
erwise excellent, with no weight loss, nervousness, or exces-
sive tiredness. She is interested in becoming pregnant. Her
mother and maternal grandmother have thyroid disease
treated with levothyroxine.

On physical examination, blood pressure is 130,/80
mm Hg, pulse rate is 94 /min and regular, and respiration
rate is 16/min; BMI is 27. Her thyroid gland is minimally
enlarged bilaterally and feels firm. No specific nodules or
cervical lymphadenopathy is palpated. Results of cardiac,
pulmonary, abdominal, and extremity examinations are
normal.

Laboratory studies:

Thyroid-stimulating
hormone (TSH)

Thyroxine (T,), free 1.2 ng/dL (15 pmol/L)

Triiodothyronine (T;), 4.0 ng/L (6.1 pmol/L)
free

Thyroid peroxidase
antibodies

6.5 uU/mL (6.5 mU/L)

640 units/L (normal,
<20 units/L)

Which of the following is the most appropriate next
step in management?

(A) Fine-needle aspiration biopsy of the thyroid gland
(B) Levothyroxine therapy

(C) Repeat TSH measurement in 6 weeks

(D) Thyroid scan
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Self-Assessment Test

Item 5

A 47-year-old man is evaluated in the emergency depart-
ment for a 2-week history of a worsening productive
cough associated with fever and night sweats. The patient
has advanced HIV infection and has lost 8.2 kg (18.0 1b)
since his last outpatient visit 3 months ago. He stopped
taking all medications, including antiretroviral therapy, 4
months ago.

On physical examination, temperature is 38.2 °C
(100.8 °F), blood pressure is 130,/78 mm Hg, and pulse
rate is 98,/min; BMI is 17. The patient appears cachectic
and is diaphoretic. Findings on a chest radiograph are con-
sistent with miliary tuberculosis, and he is admitted to an
isolation room.

Results of laboratory studies obtained 1 day after
admission show a serum calcium level of 10.8 mg/dL (2.7
mmol/L), an albumin level of 2.4 g/dL (24 ¢/L), and a
serum phosphorus level of 4.8 mg/dL (1.55 mmol/L). A
serum parathyroid hormone (PTH) level obtained 2 days
after admission is 9 pg/mL (9 ng/L).

Which of the following is the most likely underlying
mechanism of this patient’s hypercalcemia?

(A) Dehydration

(B) Excessive 1,25-dihydroxyvitamin D production
(C) Excessive parathyroid hormone release

(D) Presence of PTH-related protein

Item 6

A 67-year-old woman is evaluated for a 2-day history of
severe muscle weakness. The patient experienced signifi-
cant weight gain and developed hypertension and type 2
diabetes mellitus 2 years ago. She also reports developing
muscle weakness of the lower extremities 6 month ago.
Her diabetes is only partially controlled by metformin;
her blood glucose measurements at home are usually
greater than 250 mg/dL (13.9 mmol/L). Other med-
ications are hydrochlorothiazide, lisinopril, amlodipine,
and metoprolol.

Physical examination shows a woman who appears
chronically ill. Blood pressure is 154,/92 mm Hg, and other
vital signs are normal; BMI is 40. Skin examination is
notable for facial hirsutism. Central obesity, mild proximal
muscle weakness, and 2+ peripheral edema are noted.

Results of laboratory studies show a serum creatinine
level of 1.3 mg/dL (115 pmol /L), a plasma glucose level
of 144 mg/dL (8.0 mmol /L), and a serum potassium level
of 2.9 meq/L (2.9 mmol/L).

Which of the following tests should be performed to
reveal the cause of her diabetes?

(A) Adrenal CT

(B) C-peptide measurement

(C) Glutamic acid decarboxylase antibody titer

(D) Pancreatic MRI

(E) 24-Hour urine free cortisol excretion
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Item 7
A 26-year-old woman is evaluated for hyperprolactinemia
after recent follow-up laboratory studies showed a serum
prolactin level of 55 ng/mL (55 pg/L). Mild hyperpro-
lactinemia (serum prolactin level of 35 ng/mL [35 ng/L])
was detected 6 years ago during an evaluation for irregular
menstrual cycles; an MRI performed at that time showed a
pituitary microadenoma. She was treated with a dopamine
agonist, and subsequent serum prolactin measurements
have shown normal levels until the most recent measure-
ment. The patient underwent menarche at age 13 years and
has had irregular menstrual cycles since that time, with mul-
tiple missed cycles. She has never been pregnant. Her fam-
ily history is unremarkable, and she takes no medication.

On physical examination, blood pressure is 108,/70
mm Hg, pulse rate is 82/min, and respiration rate is
12 /min; BMI is 25. The patient has a normal distribution
of body weight. Breast development is normal, but breast
tenderness is noted on examination. No galactorrhea, acne,
hirsutism, or striae are present,

Laboratory studies confirm a serum prolactin level of
55 ng/mL (55 ng/L) and show a thyroid-stimulating hor-
mone level of 1.2 pU/mL (1.2 mU/L).

Which of the following is the most appropriate next
diagnostic test?

(A) Pregnancy test

(B) Random serum growth hormone measurement
(C) Serum cortisol measurement

(D) Visual field testing

Item 8

A 28-year-old woman is reevaluated for worsening eye
symptoms. The patient has a 6-month history of Graves dis-
case. Methimazole was initated but then discontinued
when the patient became neutropenic (absolute neutrophil
count, 500,/uL [0.5 x 10°/L]). Although treatment with
methimazole abated her symptoms of thyrotoxicosis and
normalized results of her thyroid function tests, her eye
symptoms have progressed to severe discomfort (burning
and itching) in both eyes and diplopia when she looks
upward and laterally.

On physical examination, temperature is 37.2 °C
(99.0 °F), blood pressure is 130,/70 mm Hg, pulse rate is
90/min, and respiration rate is 16,/min; BMI is 23. Exam-
ination of the thyroid gland shows an enlarged smooth
gland without nodules. Examination of the eyes shows sig-
nificant bilateral chemosis and erythema. Bilateral moderate
proptosis and right lid and globe lag are noted. Visual acu-
ity is normal.

Laboratory studies:
Thyroid-stimulating
hormone
Thyroxine (T,), free
Triiodothyronine (Tj;)
Thyroid-stimulating
immunoglobins

<0.01 pU/mL (0.01 mU/L)

2.4 ng/dL (31 pmol/L)
230 ng/dL (3.5 nmol/L)
340% (normal, <110%)

An MRI of the orbits shows bilateral proptosis and
increased size of the extraocular muscles, especially the right



inferior rectus muscle. Increased retro-orbital fat is seen, and
the optic nerves appear normal

Which of the following is the most appropriate treat-
ment for this patient’s hyperthyroidism?

(A) Oral iodine solution

(B) Propylthiouracil

(C) Radioactive iodine therapy
(D) Thyroidectomy

Item 9

A 29-year-old woman is evaluated for recent-onset
polyuria. The patient also has a 6-month history of
fatigue, decreased energy, nausea, dry skin, and amenor-
rhea. She had pulmonary sarcoidosis 10 years ago that
was successfully treated with a 2-year course of gluco-
corticoids and has not had any symptoms until now. She
currently takes no medication and has no pertinent fam-
ily history.

On physical examination, vital signs are normal; BMI
is 24. Findings from examination of the heart, lungs, and
thyroid gland are normal. Skin color and texture are nor-
mal, with no areas of hyperpigmentation. Diminished axil-
lary and pubic hair and delayed relaxation of the deep ten-
don reflexes are noted.

Laboratory studies:
Electrolytes

Sodium 146 meq/L (146 mmol /L)
Potassium 4.0 meq,/L (4.0 mmol /L)
Chloride 96 meq/L (96 mmol /L)
Bicarbonate 28 meq/L (28 mmol /L)
Pregnancy test Negative
Adrenocorticotropic 12 pg/mL (3 pmol /L)

hormone
Cortisol (9 am) (Normal, 5-25 pg/dL

[138-690 nmol/L])

Bascline 4.5 ng/dL (124 nmol /L)
After cosyntropin 13 ng/dL (359 nmol /L)
stimulation
Follicle-stimulating 3 mU/mL (3 units/L)
hormone

Luteinizing hormone

Thyroid-stimulating
hormone

Thyroxine (T}), free

2 mU/mL (2 units/L)
0.5 pU/mL (0.5 mU/L)

0.6 ng/dL (8 pmol /L)

A chest radiograph has normal findings.

Which of the following is the most appropriate diag-
nostic test to perform next?

(A) CT of the adrenal glands

(B) Lung biopsy

(C) Pituitary MRI

(D) Thyroid scan

Item 10

A 54-year-old woman comes to the office for advice
regarding maintaining bone health. She has no history

Self-Assessment Test

of fracture. The patient recently had a lumpectomy and
radiation therapy to treat breast cancer, is currently taking
tamonxifen, and will begin taking an aromatase inhibitor in
2 months. She underwent menopause at age 52 years and
has persistent hot flushes. Her risk factors for osteoporosis
include a slim body habitus and a mother who had a hip
fracture at age 67 vears.

Physical examination findings, including vital signs, are
normal. BMI is 20.

Results of routine laboratory studies are normal.

A dual-energy x-ray absorptiometry scan shows T-
scores of —2.1 in the lumbar spine, 2.3 in the femoral neck,
and —1.9 in the total hip. Her Fracture Risk Assessment
Tool (FRAX) score indicates a 22% risk of major osteo-
porotic fracture and a 2.4% risk of hip fracture over the next
10 years. Optimal calcium and vitamin D supplementation
is reccommended, and she is encouraged to begin weight-
bearing exercise as tolerated.

Which of the following pharmacologic agents can be
started in this patient?

(A) Alendronate
(B) Denosumab
(C) Estrogen
(D) Raloxifene
(E) Teriparatide

Item 11

A 15-year-old girl is evaluated for excessive urination and
thirst. She has been drinking almost 5 liters (169 ounces) of
fluid daily for the past 2 months. The patient’s mother has
type 2 diabetes mellitus.

On physical examination, vital signs are normal; BMI
is 35. Results of general medical and neurologic examina-
tions are unremarkable. She is not dehydrated, and no
ketones are detected on her breath.

Laboratory studies:

Hemoglobin A, 8.7%

Glucose, random 324 mg/dL (18.0 mmol/L)
Electrolytes Normal

Urine ketones Absent

In addition to treating the patient’s hyperglycemia,
which of the following is the most appropriate next
step in management?

(A) Measure fasting plasma C-peptide level

(B) Measure fasting plasma insulin level

(C) Measure stimulated plasma C-pepride level

(D) Obtain islet cell and glutamic acid decarboxylase anti-
body titers

Item 12

A 29-year-old man is evaluated for possible infertility. He
and his wife have been trying to conceive for 2 years. His
wife had a full anatomic evaluation with normal results. The
patient reports normal libido and erectile function and had
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Self-Assessment Test

normal puberty. Family history is unremarkable. He takes
no medication.

On physical examination, vital signs are normal; BMI
is 22. Visual field examination findings and testicular vol-
ume are normal, as is hair distribution. All other physical
examination findings are unremarkable.

Which of the following is the most appropriate next
diagnostic test?

(A) Luteinizing and follicle-stimulating hormone
measurements

(B) Semen analysis
(C) Testicular ultrasonography
(D) Total testosterone measurement

Item 13

A 27-year-old woman is evaluated during the fourth week
of an uneventful pregnancy. She has a 3-year history of pri-
mary hypothyroidism due to Hashimoto thyroiditis that is
treated with levothyroxine, 125 pg/d. She also takes pre-
natal vitamins and iron sulfate.

On physical examination, temperature is 37.1 °C
(98.8 °F), blood pressure is 128 /80 mm Hg, pulse rate
is 95/min, and respiration rate is 18/min and regular;
BMI is 25. She has a mild fine hand tremor. Lung, car-
diac, and skin examination findings arc normal. The thy-
roid gland is smooth and slightly enlarged without a
bruit or nodules.

Laboratory studies show a serum thyroid-stimulating
hormone level of 4.2 pU/mL (4.2 mU/L) and a serum
free thyroxine (T,) level of 1.6 ng/dL (21 pmol/L).

Which of the following is the most appropriate man-
agement?

(A) Increase the levothyroxine dosage by 10% now

(B) Increase the levothyroxine dosage by 30% now

(C) Repeat thyroid function tests in 5 weeks

(D) Repeat thyroid function tests in the second
trimester

Item 14

A 67-year-old man is evaluated in the emergency depart-
ment for an explosive headache and blurred vision that
began 4 hours ago. He reports a 3-month history of
fatigue, weight gain (total, 4.5 kg [10 Ib]), and erectile dys-
function. The patient has a 2-year history of atrial fibrillation
treated with warfarin and metoprolol.

Physical examination reveals a pale man who appears
uncomfortable. Blood pressure is 88 /56 mm Hg, pulse rate
is 88/min, and respiration rate is 18 /min. Visual field
examination reveals bitemporal hemianopia. Except for the
finding of neck stiffiness, the remainder of the physical
examination is unremarkable.

Results of laboratory studies are notable for a serum
sodium level of 128 meq/L (128 mmol /1.).

A noncontrast CT scan shows a heterogeneous sellar
mass with suprasellar extension and bowing of the optic
chiasm.
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In addition to neurosurgical consultation, which of the
following is the most appropriate initial management?
(A)
(B)
(C) Lumbar puncture
(D)

D) Serum prolactin measurement

Glucocortcoid administration
Insulin tolerance test

Item 15

A 62-ycar-old woman is evaluated for a 1-week history of
fatigue, lethargy, constipation, and nocturnal polyuria and
polydipsia. The patient has advanced breast cancer, which
has metastasized to her liver. Conventional therapy is no
longer helpful, and she is scheduled to see her oncologist to
discuss the next steps in her cancer management.

Physical examination shows a pale and somnolent
woman. Blood pressure is 98 /65 mm Hg and resting pulse
rate is 103/min. Cardiopulmonary examination findings
are normal. The mucous membranes are dry. The liver edge
is palpated 3 cm below the right costal margin.

Laboratory studies:

Blood urea nitrogen 37 mg/dL (13.2 mmol/L)

Calcium 15.7 mg/dL (3.9 mmol /L)
Creatinine 1.4 mg/dL (124 umol /L)
Sodium 151 meq/L (151 mmol /L)

A bone scan shows metastatic discase to the liver.,

Which of the following is the most appropriate imme-
diate next step in treating this patient?

(A) An intravenous bisphosphonate
(B) Intravenous furosemide

(C) Intravenous glucocorticoids
(D) Intravenous normal saline

Item 16

A 59-year-old woman is evaluated for muscle cramps and
difficult-to-control hypertension. The patient reports no
headaches or unexplained sweating. She started taking
hydrochlorothiazide 20 months ago when hypertension
was diagnosed but changed her medication after developing
hypokalemia (serum potassium level, 1.9 meq/L [1.9
mmol/L]). Subsequent addition of lisinopril, atenolol,
amlodipine, and potassium chloride has resulted in no
improvement in blood pressure control.

Physical examination reveals a woman with normal fea-
tures. Temperature is 36.5 °C (97.7 °F), blood pressure is
186,102 mm Hg with no orthostatic changes, pulse rate is
66,/min with no orthostatic changes, and respiration rate is
16/min; BMI is 29. Results of examination of the lungs,
heart, and thyroid gland are normal.

Laboratory studies:

Electrolytes
Sodium 143 meq/L (143 mmol /L)
Potassium 2.9 meq/L (2.9 mmol /L)
Chloride 96 meq/L (96 mmol /1)
Bicarbonate 33 meq/L (33 mmol /L)



Which of the following is the most appropriate next
diagnostic test?

(A) CT of the abdomen

(B) Dexamethasone suppression test

(C) Measurement of plasma catecholamine levels

(D) Serum aldosterone to plasma renin activity ratio
determination

(E) 24-Hour measurement of urine free cortisol
excretion

Item 17

A 58-year old woman is evaluated for a 3-week history of
fatigue and weight loss. The patient has no significant
medical history and takes no prescription medication, but
she does take a daily over-the-counter multivitamin and
a calcium supplement. She has a 50-pack-year smoking
history.

Physical examination reveals a lethargic, ill-appearing
woman. Temperature is 37.3 °C (99.1 °F), blood pressure
is 136,/78 mm Hg, pulsc rate is 95/min, and respiration
rate is 12/min. Other physical examination findings are
unremarkable.

Laboratory studies:

Hemoglobin 8.3 g/dL (83 g/L)
Albumin 4.6 g/dL (46 g/L)

Blood urea nitrogen 43 mg/dL (15.4 mmol /L)

Calcium 14.5 mg/dL (3.6 mmol/L)
Creatinine 2.4 mg/dL (212 pmol /L)
Sodium 145 meq/L (145 mmol /1)

A chest radiograph shows a 5-cm mass in the right
lower lobe of the lung but is otherwise unremarkable.

Which of the following is the most likely cause of her
hypercalcemia?

(A) Malignancy

(B) Primary hyperparathyroidism
(C) Sarcoidosis

(D) Vitamin D intoxication

Item 18

A 42-year-old man is evaluated for a 6-month history of
painful and enlarged breasts. The patient had normal
puberty and has no relevant personal or family medical his-
tory. He takes no medication.

On physical examination, vital signs are normal; BMI
is 25. Examination of the chest shows symmetric tender
gynecomastia. Testicular volume is normal, no abdominal
or testicular masses are palpated, and no lymphadenopathy
is noted.

Laboratory studies show a serum human chorionic
gonadotropin level of 2 mU/mL (2 units/L) (normal, <5
mU,/mL [5 units/L]), a luteinizing hormone level of 5
mU/mL (5 units/L), and a total testosterone level of 400
ng/dL (14 nmol /L).

Self-Assessment Test

Which of the following is the most appropriate next
diagnostic test?

A) Adrenal CT

B) Breast ultrasonography

C) Estradiol level determination

D) Karyotype

E) Testicular ultrasonography

(
(
(
(
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Item 19

A 33-year-old woman is evaluated after having three
episodes of severe hypoglycemia, each resulting in a visit to
the emergency department, in the past month. Two of the
episodes occurred while she was asleep, and the most recent
one happened midafternoon yesterday. The patient has a
19-year history of type 1 diabetes mellitus and has been try-
ing to lower her hemoglobin A, level to less than 7.0%
before she tries to get pregnant. She states that she no
longer experiences any warning symptoms before she
becomes hypoglycemic. The patient had an episode of dia-
betic ketoacidosis in her teens. She has mild background
diabetic retinopathy, some numbness in her feet from
peripheral neuropathy, and occasional orthostatic hypoten-
sion. She eats a healthy diet, counts carbohydrates, and
adjusts her preprandial insulin intake. Medications are
insulin glargine, 24 units at bedtime, and insulin glulisine,
6 to 10 units before breakfast, lunch, and dinner, depend-
ing on her planned carbohydrate intake and preprandial
blood glucose level.

On physical examinations, vital signs are normal; BMI
is 30.

Results of laboratory studies show a hemoglobin A,
value of 6.6% and no evidence of microalbuminuria.

Which of the following is the most appropriate treat-
ment for this patient?

(A) Increased carbohydrate intake at meals

(B) Insulin dose reductions

(C) o-Lipoic acid

(D) Preprandial pramlintide

(E) Substitution of insulin detemir for insulin glargine

Item 20

A 40-year-old man is evaluated after the incidental discov-
ery of a small nodule in the right lobe of the thyroid gland
on a CT scan obtained because of chest pain. The patient
reports feeling well now, with no nervousness, palpitations,
neck discomfort, or dysphagia. His mother has papillary
thyroid cancer that was diagnosed in her 30s.

Physical examination shows a healthy-appearing, alert
man. Vital signs are normal; BMI is 28. Lung, heart, and
abdominal examination findings are normal. On neck
examination, the thyroid gland is barely palpable, with no
nodes or cervical lymphadenopathy.

Laboratory studies show a thyroid-stimulating hor-
mone level of 1.5 nU/mL (1.5 mU/L).

A Doppler ultrasound of the thyroid gland shows a right-
lobe 6-mm hypoechoic nodule with microcalcifications,

83

e
2
e
=
7]
E
a
Q
3
w
L)
v




v
o
-.h
=
w
v
m
wvi
v
=
m
=]
=
o'
wv
-+

Self-Assessment Test

blurred nodule margins, and increased central vascularity. No
enlarged cervical lymph nodes are present on cither side.

Which of the following is the most appropriate man-
agement?

(A) Fine-needle aspiration biopsy

(B) Repeat thyroid ultrasonography in 3 months
(C) Right thyroid lobectomy

(D) Thyroid MRI

Item 21

A 27-year-old man is evaluated for a 7-month history of loss
of strength and progressive fatigue and a decreased sense of
well being. The patient sustained a severe traumatic brain
injury in an automobile collision 16 months ago. He has
had no excessive urination, cold intolerance, constipation,
or loss of libido or other symptoms of sexual dysfunction.
His only medication is a daily multivitamin.

On physical examination, vital signs are normal; BMI
is 30. Increased abdominal girth is noted. All other findings,
including those from a neurologic examination, are normal.

Laboratory studies:

Complete blood count  Normal

Basic metabolic panel Normal

Testosterone (8 AM) 980 ng/dL (34 nmol/L)

Thyroid-stimulating 2.0 pU/mL (2.0 mU/L)
hormone

Thyroxine (T,), frce 1.4 ng/dL (18 pmol/L)

Which of the following is the most appropriate next
diagnostic test?

(A) Fasting growth hormone measurement
(B) Glucose tolerance test

(C) Gonadotropin-releasing hormone test
(D) Insulin-like growth factor 1 measurement

Item 22

A 66-year-old woman comes to the office for management
of osteoporosis discovered on a screening dual-energy x-ray
absorptiometry (DEXA) scan. The patient has no personal
history of fractures and no family history of parathyroid dis-
case or low bone mineral density. She has hypertension
treated with lisinopril but takes no other medications or
supplements,

On physical examination, vital signs are normal; BMI
is 22. Dentition is good. Other than mild kyphosis, physi-
cal examination findings are unremarkable.

Laboratory studies:

Albumin 4.0 g/dL (40 g/1)
Calcium 8.7 mg/dL (2.2 mmol /L)
Creatinine 0.7 mg/dL (61.9 umol /L)

Phosphorus
Parathyroid hormone

2.9 mg/dL (0.94 mmol/L)
176 pg/mL (176 ng/L)

The DEXA scan showed T-scores of =2.1 in the lum-
bar spine, —3.0 in the femoral neck, and —2.5 in the total
hip. Radiographs of the lateral spine show no compression
fractures.
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Which of the following is the most appropriate next
step in management?

(A) Measurement of 1,25-dihydroxyvitamin D level
(B) Measurement of 25-hydroxyviramin D level
(C) Parathyroidectomy

(D) Repeat DEXA scan in 1 year

Item 23

A 46-year-old woman is evaluated after undergoing a total
thyroidectomy 6 weeks ago for metastatic (stage 111) papil-
lary thyroid cancer. A 4.5-cm left papillary thyroid cancer
was removed. Metastatic discase was identfied in a single
cervical lymph node (level ITI). The patient has been taking
levothyroxine since the surgery.

On physical examination, blood pressure is 130,70
mm Hg, pulse rate is 88 /min and regular, and respiration
rate is 16,/min and regular. Examination of the neck shows
a well-healing incision without palpable masses or lym-
phadenopathy. The lungs are clear to auscultation, and no
murmurs, enlargement, or other abnormalities are seen on
cardiac examination. No Chvostek sign is elicited.

Laboratory studies show a serum thyroid-stimulating
hormone level of 0.1 pU/mL (0.1 mU/L), an unde-
tectable serum thyroglobulin level (<0.5 ng/mL [0.5
ng/L] [normal, 1.6-59.9 ng/mL {1.6-59.9 ng/L}]), and
no thyroglobulin antibodies.

Which of the following is the most appropriate next
step in treatment?

(A) Chemotherapy with doxorubicin
(B) External-beam radiation therapy
(C) Radioactive iodine therapy

(D) Observation

Item 24

A 48-year-old man is evaluated during a routine exami-
nation. He has a 6-year history of hypertension treated
with amlodipine and atenolol and is currently asympto-
matic. His father had a myocardial infarction at age 50
years, and his mother developed type 2 diabetes mellitus
at age 64 vears,

On physical examination, blood pressure is 138,/89
mm Hg, pulse rate is 76/min, and respiration rate is
18 /min; BMI is 33. Central obesity is noted, but all other
findings are unremarkable.

Results of laboratory studies show a hemoglobin A,
level of 6.6% and a fasting plasma glucose level of 114
mg/dL (6.3 mmol/L)

Which of the following diagnostic tests should be per-
formed next?

(A) Oral glucose tolerance rest

(B) Repeat measurement of fasting plasma glucose level
(C) Repeat measurement of hemoglobin A, value

(D) No additional testing



Item 25

A 49-year-old woman is evaluated for a 1-week history of
excessive fatigue and nausea. She has a history of hyperten-
sion, colon cancer, and unexplained anorexia. She was
treated with megestrol, 320 mg/d, for almost a year before
running out of her medications 2 weeks ago. She has had
no palpitations, headaches, or unexplained sweating. Other
medications are metoprolol and hydrochlorothiazide.

On physical examination, temperature is 36.5 °C
(97.7 °F), blood pressure is 108 /78 mm Hg with no ortho-
static changes, pulse rate is 86,/min with no orthostatic
changes, and respiration rate is 16,/min; BMI is 31. Results
of examination of the lungs, heart, and thyroid gland are
normal. A plethoric rounded face and central obesity with
supraclavicular and posterior cervical fat pads are noted.

Laboratory studies:

Electrolytes
Sodium 133 meq/L (133 mmol /L)
Potassium 3.9 meq/L (3.9 mmol/L)
Chloride 98 meq,/L (98 mmol/L)
Bicarbonate 29 meq/L (29 mmol /L)
Adrenocorticotropic 8 pg/mL (2 pmol /L)
hormone

Cortisol (9 AM) 2.7 pg/dL (75 nmol /L)
(normal, 5-25 ng/dL

[138-690 nmol/L])

Which of the following is the most appropriate man-
agement?

(A) CT of the adrenal glands

(B) Dexamethasone suppression test
(C) Fludrocortisone

(D) Oral hydrocortisone

Item 26

A 42-year-old man is evaluated for infertility. He and his
wife have been trying to conceive for 1 year, They have a 4-
year-old child conceived without problems. The patient
reports a slightly decreased libido that he attributes to
increased stress at work. Puberty was normal. He has
osteoarthritis of the hands. Family history is unremarkable.
His only medication is ibuprofen as needed.

On physical examination, vital signs are normal; BMI
is 24. Testicular volume is decreased bilaterally. Visual field
and thyroid examination findings are normal. No gyneco-
mastia is noted.

Laboratory studies:
Alanine aminotransferase 48 units /L
Aspartate aminotransferase 25 units/L
Follicle-stimulating 2 mU/mL (2 units/L)
hormone
Luteinizing hormone 2 mU/mL (2 units/L)
Prolactin 12 ng/mL (12 pg/L)
Testosterone, total (8 AM)
Initial measurement
Repeat measurement
Thyroid-stimulating
hormone
Thyroxine (T,), tree

200 ng/dL (6.9 nmol/L)
190 ng/dL (6.5 nmol /L)
1.2 pU/mL (1.2 mU/L)

1.2 ng/dL (15 pmol/L)

Self-Assessment Test

An MRI of the pituitary gland is normal.

Which of the following is the most appropriate next
diagnostic test?

A) Ferritin and iron saturation measurement

(B) Free testosterone measurement
(C) Karyotyping
(

)
D) Testicular ultrasonography

Item 27

A 29-year-old woman is evaluated for a 2-day history of
fever, cough, nasal congestion, myalgia, and fatigue.
Addison disease was diagnosed 3 months ago. Medica-
tions are hydrocortisone (10 mg at 8 AM, 5 mg at noon,
and 5 mg at 6 rM) and fludrocortisone (0.05 mg/d). She
has been able to take her medications as scheduled and
fluids as needed.

On physical examination, temperature is 38.2 °C
(100.8 °F), blood pressure is 102,/68 mm Hg without
orthostatic changes, pulse rate is 88 /min without orthosta-
tic changes, and respiration rate is 21 /min; BMI is 31. Ery-
thema is noted in the posterior pharynx, and bilateral small
cervical lymph nodes are present. The rest of the physical
examination is unremarkable.

Which of the following is the most appropriate treat-
ment?

(A) Hospital admission for intravenous fluids and gluco-
corticoid therapy

(B) Increased fludrocortisone dose

(C) Increased hydrocortisone dose for 3 days

(D) Symptomatic treatment for upper respiratory tract
infection only

Item 28

A 55-year-old man is evaluated for anxiety, heat intolerance,
and weight loss (2.3 kg [5 Ib]) over the past 6 weeks. The
patient also reports decreased visual acuity. He has no neck
discomfort. He takes no medication.

Physical examination reveals a nervous man. Blood
pressure is 150,/70 mm Hg, pulse rate is 110,/min and reg-
ular, and respiration rate is 16,/min; BMI is 27. Other than
tachycardia, the cardiopulmonary examination is unre-
markable. Eye examination findings are normal. The thy-
roid gland is enlarged, smooth, and without bruits or nod-
ules. The skin is warm. A bilateral hand tremor is noted. No
pretibial myxedema is seen.

Laboratory studies:
Thyroid-stimulating
hormone
Thyroxine (T}), free 2.4 ng/dL (31 pmol/L)
Triiodothyronine (T;) 220 ng/dL (3.4 nmol/L)
Thyroid-stimulating Negative
hormone-receptor
and thyroid
peroxidase antibodies

1.5 pU/mL (0.5 mU/L)
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Self-Assessment Test

Radioactive iodine (123I) uptake by the thyroid gland at
24 hours is 55% (normal, 10%-30%). A thyroid scan shows
homogenous distribution.

Which of the following is the most appropriate next
step in management?

(A) Methimazole

(B) Pituitary MRI

(C) Propylthiouracil

(D) Radioactive iodine therapy
(E) Thyroidectomy

Item 29

A 53-ycar-old man is evaluated after a pheochromocytoma
is diagnosed on the basis of a 6-month history of hyperten-
sion and a 9-month history of recurrent palpitations, sweat-
ing, headaches, and weight loss (total, 4.5 kg [10 Ib])
despite a good appetite. Medications are amlodipine, 10
mg/d; hydrochlorothiazide, 25 mg/d; and lisinopril.

Physical examination shows an anxious-looking man.
Temperature is 36.5 °C (97.7 °F), blood pressure is
158,/96 mm Hg without orthostatic changes, pulse rate is
102 /min without orthostatic changes, and respiration rate
is 16/min; BMI is 28.

Findings from examination of the lung, heart, and thyroid
gland are normal. A mild resting tremor is noted in the upper
extremities, but no myopathy or muscle weakness is detected.

Laboratory studies:
Glucose, fasting
Metanephrine, free

150 mg/dL (8.3 mmol /L)
160 pg/mL (0.8 nmol /L)
(normal, 12-61 pg/mL
[0.1-0.3 nmol /L])
Normetanephrine, free 740 pg/mL (4.1 nmol/L)
(normal, 18-112 pg/mL
[0.1-0.6 nmol/L])
Thyroid-stimulating 1.2 uU/mL (1.2 mU/L)

hormone
Urine

Creatinine 1100 mg/24 h

Epinephrine 220 pg/24 h (1201 nmol /24 h)
(normal, 0-20 png,/24 h [0-109
nmol /24 h])

Metanephrine 0.85 mg,/24 h (4.3 mmol/24 h)

Norepinephrine 2350 pg/24 h (13,889

nmol,/24 h) (normal, 15-80
ug/24 h [89-473 nmol /24 h])
Normetanephrine 4550 pg/24 h (28,843
nmol/24 h) (normal, 128-484
ug/24 h [699-2643 nmol,/24 h])
Vanillylmandelic acid 14 mg/24 h (71 pmol,/24 h)

An electrocardiogram shows sinus tachycardia. A CT
scan reveals a 3.5-cm left adrenal mass with an attenuation
factor of 33 Hounsfield units.

Which of the following is the most appropriate initial
management?

(A) Angiotensin receptor blocker therapy
(B) o-Blocker therapy
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(C) B-Blocker therapy
(D) Surgery
(E) Observation

Item 30

A 78-year-old woman is evaluated for a 1-week history of
diffuse constant headaches only occasionally relieved by
acetaminophen. The patient has a history of hypertension
and impaired fasting glucose, both of which are controlled
with diet and exercise. She is up-to-date with preventive
health screening.

Physical examination findings, including vital signs and
results of neurologic evaluation, are normal.

Results of laboratory studies show a persistently ele-
vated alkaline phosphatase level of 272 units /L; fractiona-
tion of the alkaline phosphatase shows an clevation in the
bone isoform level. Other routine laboratory studies,
including a complete blood count, are normal.

A bone scan shows uptake in the calvarium, left clavi-
cle, two right ribs, and left acetabulum.

Which of the following is the most appropriate next
step in management?

(A) Audiology testing

(B) Bone biopsy

(C) Plain radiographs

(D) Serum collagen type 1 cross-linked C-telopeptide
(CTX) measurement

(E) Serum protein electrophoresis

Item 31

A 33-year old woman is evaluated for a 3-week history of
fatigue, excessive sweating, and occasional headache on
awakening. The patient has had type 1 diabetes mellitus
since age 18 years. Her blood glucose log for the past 2
wecks shows fasting blood glucose levels ranging between
125 and 146 mg/dL (6.9-8.1 mmol/L) (average, 135
mg/dL [7.5 mmol/L]) and an average predinner level of
176 mg/dL (9.8 mmol /L). She does not check her level at
other times during the day but occasionally expericnces
hypoglycemic symptoms around lunchtime, especially if she
does not cat enough. She lives alone and usually exercises 1
hour each evening. Her diabetes regimen is premixed
70/30 insulin (neutral protamine Hagedorn [NPH]
insulin/regular insulin) before breakfast and before dinner.

Physical examination shows a slim but well-appearing
woman. Temperature is 36.6 °C (97.9 °F), blood pressure
is 104,/63 mm Hg, pulse rate is 66,/min, and respiration
rate is 14,/min; BMI is 18. Other physical examination find-
ings are unremarkable.

Results of laboratory studies show a hemoglobin A,
value of 5.7% (estimated average plasma glucose level, 120
mg/dL [6.7 mmol /L]).

Which of the following is the most likely cause of her
symptoms?

(A) Dawn phenomenon
(B) Nocturnal hypoglycemia



(C) Sleep apnea

(D) Somogyi phenomenon

Item 32

A 23-year-old woman is evaluated for a 3-month history of
amenorrhea and galactorrhea. Her father has a histor_\" of
recurrent kidney stones, and her brother has peptic ulcer
discase.

On physical examination, vital signs are normal; BMI
is 23. An expressible clear white nipple discharge is present
bilaterally. All other examination findings are normal,
including those from a visual field examination.

Laboratory studies:

Calcium 12 mg/dL (3.0 mmol/L)
Creatinine 0.7 mg/dL (61.9 nmol /L)
Parathyroid hormone 178 pg/mL (178 ng/L)
Prolactin 78 ng/mL (78 pg/L)
Thyroid-stimulating 1.5 uU/mL (1.5 mU/L)

hormone

An MRI of the brain shows a 7-mm microadenoma of
the pituitary gland.

Which of the following is the most likely diagnosis?

(A) Autoimmune polyglandular syndrome type 1
(B) Hashimoto thyroiditis

(C) Multiple endocrine neoplasia type 1 (MENT1)
(D) MEN2

Item 33

A 46-year-old man is evaluated for a 1-year history of low
libido and erectile dysfunction. He underwent normal
puberty and has two teenaged children. The patient has
a history of hypertension. His only medication is
chlorthalidone.

On physical examination, temperature is normal, blood
pressure is 125,/72 mm Hg, and pulse rate is 80,/min; BMI
is 42, No gynecomastia is present, and testicular volume is
normal. A normal male distribution of body hair is noted.

Results of laboratory studics show a serum follicle-
stimulating hormone level of 5 mU/mL (5 units/L), a
serum luteinizing hormone level of 4 mU/mL (4 units/L),
and a serum total testosterone level of 210 ng/dL (7
nmol /L); the serum thyroid-stimulating hormone and pro-
lactin levels are normal.

Which of the following is the most appropriate next
diagnostic test?

(A) Free testosterone assessment

(B) Karyotyping

(C) Pituitary MRI

(D) Sperm count

Iltem 34

A 35-year-old woman is evaluated for a nodule on the right
side of her neck that she first noticed 2 weeks ago. The
patient also reports recent flushing, diaphoresis, palpitations,

Self-Assessment Test

and headaches. She has a history of hypertension treated
with hydrochlorothiazide.

On physical examination, blood pressure is 145 /95
mm Hg, pulse rate is 100/min and regular, and respiration
rate is 16,/min. Results of heart, lung, and abdominal exam-
inations are normal. Examination of the thyroid gland
shows a 2-em firm right-sided nodule; all other thyroid find-
ings arc normal.

Results of laboratory studies show a serum calcium
level of 10.8 mg/dL (2.7 mmol/L) and a thyroid-stimu-
lating hormone (TSH) level of 2.0 pU/mL (2.0 mU/L).

An ultrasound of the thyroid gland shows a 2- X 2-cm
solid right-sided nodule with no evidence of lym-
phadenopathy. Results of a fine-needle aspiration biopsy of
the nodule show numerous plasmacytoid-appearing cells
staining positive for calcitonin that are consistent with
medullary thyroid cancer.

Which of the following is the most appropriate next
step in management?

(A) Administer radioactive iodine
(B) Measure plasma free metanephrine and
normetanephrine levels

(C) Perform a total lobectomy
(D) Suppress TSH secretion with levothyroxine

Item 35

A 34-year-old woman comes to the office for a routine fol-
low-up evaluation. She has an 18-year history of type 1 dia-
betes mellitus. Her glycemic control has been poor, with
hemoglobin A, values typically ranging from 8.0% to
10.0%; her most recent hemoglobin A, value obtained 6
months ago was 8.2%. The patient wants to get her diabetes
under better control before conceiving. Her current dia-
betic regimen is neutral protamine Hagedorn (NPH)
insulin at bedtme and before breakfast and insulin lispro
before cach meal. She takes 1 unit of insulin lispro for every
20 grams of carbohydrate in the meal, plus 1 unit for every
50 mg/dL (2.8 mmol /L) that her premeal blood glucose
level is above 120 mg/dL (6.7 mmol/L). For the past 3
months, she has been eating a healthy, high-carbohydrate,
high-fiber, and low—glycemic index diet, with consistent
amounts of carbohydrate at each meal. Mean blood glucose
levels derived from her current blood glucose log are
shown; the preprandial (Pre) breakfast levels are fasting, and
the postprandial (Post) levels are 2 hours after cating.

Glucose values:
Time Pre (mg/dL Post (mg/dL Other (mg/dL

[mmol/L]) [mmol/L])  [mmol/L])
Breakfast 124 (6.9) 197 (10.9) —
Lunch 118 (6.5) 236 (13.1) —
Dinner 121 (6.7) 264 (14.7) —
Bedtime
11 r™ — — 131 (7.3)
3 AM —_ — 122 (6.8)

On physical examination, temperature is normal,
blood pressure is 126/73 mm Hg, and pulse rate is
76,/min; BMI is 18. All other physical examination find-
ings are unremarkable.
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Self—l_\ssessment Test

Which of the following modifications to her treatment
regimen is most appropriate?

(A) Add pramlintide before each meal

(B) Change the insulin lispro to regular insulin
(C) Change the NPH insulin to insulin glargine
(D) Decrease mealtime carbohydrate intake

(E) Increase the premeal insulin lispro dosage

Item 36

A 43-year-old man is evaluated in the hospital for perioral
paresthesias and severe cramping of both hands. He had a
total thyroidectomy yesterday because of papillary thyroid
cancer. The surgery went well, and no involved lymph
nodes were found.

On physical examination, vital signs are normal. Car-
diopulmonary and abdominal examinations are unre-
markable. Results of muscle strength testing arc normal.
Although the patient reports cramps, no tetany is
detected.

Results of laboratory studies show a serum calcium
level of 4.1 mg/dL (1.0 mmol/L), a serum magnesium
level of 1.7 mg/dL (0.70 mmol/L), and a serum phos-
phorus level of 4.7 mg/dL (1.52 mmol/L); kidney func-
tion is normal.

A resting clectrocardiogram is normal.

Which of the following is the most appropriate imme-
diate treatment for this patient?

(A) Calcitriol
(B) Calcium
(C) Magnesium
(D) Teriparatide

Item 37

A 56-year-old man comes to the office for a follow-up eval-
uation. Three weeks ago, the patient had surgery to repair
a bleeding duodenal ulcer. During his 7-day hospitalization,
he was given six units of packed red blood cells. He was dis-
charged 2 weeks ago with instructions to take omeprazole.
The patient has a 12-year history of type 2 diabetes melli-
tus, and his hemoglobin A, values have ranged from 8.5%
to 9.0% for the past 5 years. Since hospital discharge, his
blood glucose levels have ranged from 140 to 160 mg/dL
(7.8-8.9 mmol/L). He has a 40-pack-year smoking history
but has not smoked since the surgery. Although work was
increasingly stresstul before ulcer repair, he says he has been
feeling more relaxed since discharge and has been cating
healthier foods. Medications are metformin, glyburide, sim-
vastatin, and omeprazole.

On physical examination, temperature is 36.9 °C
(98.4 °F), blood pressure is 142,/83 mm Hg, pulse rate is
82 /min, and respiration rate is 14 /min; BMI is 34. Other
physical examination findings are unremarkable.

Results of laboratory studies show a hematocrir of 43%
and a hemoglobin A, value of 6.2% (estimated average
plasma glucose level, 130 mg/dL [7.2 mmol /L]).

88

Which of the following best explains the reduction in
his hemoglobin A, value?

(A) Blood transfusions

(B) Healthier dict

(C) Omeprazole interference with the hemoglobin A,
assay

(D) Smoking cessation

Item 38

A 56-year-old man is evaluated for the gradual onset of low
libido and erectile dysfunction over a 3-year period. The
patient has a history of hypertension, depression, and
chronic pancreatitis. He no longer drinks alcohol. Family
history is unremarkable. Medications are lisinopril,
methadone, and citalopram.

Physical examination reveals a thin man. Tempera-
ture is normal, blood pressure is 132,/88 mm Hg, pulse
rate is 72 /min, and respiration rate is 10/min; BMI is
22. Visual field and thyroid examination findings are nor-
mal. The patient has a normal male distribution of body
hair, and no gynecomastia or acne is noted. The testes are
small and soft.

Results of laboratory studies show a serum follicle-
stimulating hormone level of 1.2 mU/mL (1.2 units /L), a
serum luteinizing hormone level of 1.1 mU/mL (1.1
units/L.), and a serum total testosterone level of 125 ng,/dL
(4 nmol/L). The serum thyroid-stimulating hormone and
prolactin levels are normal, as are results of iron studies.

An MRI of the pituitary gland is normal.

Which of the following is the most likely cause of this
patient’s hypogonadism?

(A) Anabolic steroid abuse
(B) Citalopram

(C) Lisinopril

(D) Methadone

Item 39

A 29-year-old woman is evaluated for a 3-month history
of fatigue, nausea, poor appetite, and salt craving; she has
lost 6 kg (13.2 1b) in this period. She has a 5-year history
of hypothyroidism treated with levothyroxine and a fam-
ily history of thyroid disease, scleroderma, and premature
gray hair.

Physical examination shows a woman with evenly
tanned skin, including non-sun-exposed skin. Temperature
is 36.9 °C (98.4 °F), blood pressure is 82,/64 mm Hg
supine and 72/50 mm Hg sitting, pulse rate is 102,/min
supine and 124 /min sitting, and respiration rate is 16,/min;
BMLI is 23. Results of heart, lung, and thyroid gland exam-
inations are normal. Hyperpigmentation of the gum line is
noted. No muscle weakness is detected.

Laboratory studies:

Electrolytes
Sodium 126 meq/L (126 mmol /1)
Potassium 5.7 meq/L (5.7 mmol /L)
Chloride 101 meq/L (101 mmol /L)



Bicarbonate 22 meq/L (22 mmol /L)

Thyroid-stimulating 6.2 uU/mL (6.2 mU/L)
hormone

Adrenocorticotropic 234 pg/mL (51 pmol/L)
hormone

(ACTH) (1 rMm)
Cortisol, random (1 rm) 2.5 pg/dL (69 nmol /L)
Dehydroepiandrosterone 0.2 ng/mkL (0.54 pmol /L)
sulfate

Which of the following is the most appropriate man-
agement?

(A) Hydrocortisone

(B) Increased levothyroxine dosage

(C) Morning (9 aM) measurement of serum cortisol and
ACTH levels

(D) MRI of the pituitary gland

Item 40

A 29-year-old woman is evaluated for a 1-week history of
new-onset severe headache and progressive fatigue, dizzi-
ness, weakness, arthralgia, and nausea. The patient is at 28
weeks” gestation (gravida 2, para 1). Before pregnancy, she
had normal menses and no difficulty conceiving. She has a
history of Hashimoto thyroiditis. Medications are levothy-
roxine and a multivitamin.

On physical examination, she is pale and appears ill.
Blood pressure is 96,/50 mm Hg, pulse rate is 90,/min, and
respiration rate is 14,/min. Vision is normal. No evidence of
Cushing syndrome or acromegaly is noted.

A noncontrast brain MRI obtained to evaluate her
headache symptoms reveals a symmetric and homogeneous
sellar mass measuring 15 mm in diameter with extension to
the chiasm without compression. No cavernous sinus inva-
sion is noted.
Laboratory studies:
Adrenocorticotropic

hormone
Cortisol (8:00 aM)

<5 pg/mL (1 pmol /L)

7.9 ng/dL (218 nmol/L)

(normal, 5-25 ng/dL

[138-690 nmol/L])

Prolactin 55 ng/mL (55 ng/L)

Thyroid-stimulating 1.9 uU/mL (1.9 mU/L)
hormone

Thyroxine (T,), free 1.3 ng/dL (17 pmol /L)

Which of the following is the most likely diagnosis?

(A) Craniopharyngioma

(B) Lymphocytic hypophysitis
(C) Prolactinoma

(D) Shechan syndrome

Item 41

A 48-year-old woman is evaluated after laboratory study
results show a hemoglobin A, value of 8.5% (estimated
average plasma glucose level of 197 mg/dL [10.9 mmol /. L]).
The patient has type 2 diabetes mellitus. Her blood glucose
logs indicate an average fasting and preprandial blood

Self-Assessment Test

glucose level of 132 mg/dL (7.3 mmol/L) tor the past 3
months. She also has a history of iron deficiency anemia sec-
ondary to menorrhagia and has recently started iron
replacement therapy. Other medications are neutral prota-
mine Hagedorn (NPH) insulin at bedtime and metformin
three times daily with meals.

On physical examination, temperature is 36.9 °C
(98.4 °F), blood pressure is 127 /78 mm Hg, pulsc rate
is 77 /min, and respiration rate is 14/min; BMI is 26.
All other findings from the physical examination are
unremarkable.

Results of laboratory studies are normal except for a
repeat hemoglobin A, value of 8.5% and a fasting plasma
glucose level of 130 mg/dL (7.2 mmol/L); a blood glu-
cose level obtained simultancously on the patient’s glucose
monitor is 134 mg/dL (7.4 mmol/L).

Which of the following best explains the discrepancy
between her average blood glucose levels as mea-
sured on the glucose monitor and her hemoglobin
A, values?

(A) Inaccurate glucose monitor
B

)
(B) Iron therapy
(C) Nocturnal hypoglycemia

(D) Postprandial hyperglycemia

Item 42

A 57-year-old man develops tingling and numbness around
his mouth and cramping in his feet and hands 8 hours after
removal of a single enlarged parathyroid gland during min-
imally invasive surgery. He experienced some postoperative
pain and is still hospitalized. The patient has a history of pri-
mary hyperparathyroidism and kidney stones. His only
medication is a multivitamin.

On physical examination, vital signs are normal. A pos-
itive Chvostek sign and Trousscau phenomenon are noted,
as is a spontancous carpopedal spasm. The remainder of the
examination is unremarkable.

Laboratory studies:

Albumin 39 ¢/dL (39 g/L)

Calcium
Before surgery
After surgery

11.6 mg/dL (2.9 mmol /L)
7.2 mg/dL (1.8 mmol/L)

Creatinine 1.3 mg/dL (115 nmol/L)
Phosphorus 1.9 mg/dL (0.61 mmol/L)
Parathyroid hormone

Before surgery Elevared

After surgery Normal

25-Hydroxyvitamin D 32 ng/mL (80 nmol/L)

Which of the following is the most likely cause of this
patient’s hypocalcemia?

(A) Chronic kidney discasc

(B) Dilutional hypocalcemia

(C) Hungry bone syndrome

(D) Hyperventilation
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Self-Assessment Test

Item 43

An 18-year-old woman is evaluated for a lump in her neck
that she first noticed several weeks ago. She is in otherwise
excellent health and has no history of radiation exposure or
other medical issues. She has no family history of thyroid
nodules or thyroid cancer and takes no medication.

On physical examination, vital signs are normal; BMI
is 21. Examination of the thyroid gland shows a firm
left-sided thyroid nodule that moves when she swallows.
The rest of the gland is not palpable, with no cervical
lymphadenopathy.

Laboratory studies show a thyroid-stimulating hormone
level of 1.0 nU/mL (1.0 mU/L). Results of a complete
blood count and comprehensive metabolic profile are normal.

A thyroid ultrasound shows a 2- % 2-cm solid hypo-
echoic left-sided thyroid nodule with increased intranodu-
lar vascular flow. Results of the fine-needle aspiration (FNA)
biopsy are consistent with a follicular neoplasm.

Which of the following is the most appropriate next
step in management?

(A) Levothyroxine suppression

(B) Radioactive iodine therapy

(C) Repeat FNA biopsy of the nodule in 6 months
(D) Thyroid lobectomy

Item 44

A 28-year-old woman is evaluated for a 5-month history of
amenorrhea. She formerly had normal menses. The patient
reports eating a healthy diet and having increased stress at
work; she does not exercise. Personal and family medical
history is unremarkable. She takes no medication.

On physical examination, temperature is 36.8 °C
(98.2 °F), blood pressure is 110,/70 mm Hg, pulse rate is
60/min, and respiration rate is 10,/min; BMI is 23. Results
of visual field, thyroid, and pelvic examinations are normal.
Skin examination reveals mild facial acne. No galactorrhea
is noted.

Laboratory studies show a serum follicle-stimulating
hormone level of 4 mU/mL (4 units/L), a serum prolactin
level of 14 ng/mL (14 pg/L), and a serum thyroid-stimulat-
ing hormone level of 1.3 pU/mL (1.3 mU/L). Human
chorionic gonadotropin testing has negative results, and a
progesterone challenge test produces no withdrawal bleeding,

A pituitary MRI is normal.

Which of the following is the most likely cause of this
patient’s amenorrhea?

(A) Functional hypothalamic amenorrhea

(B) Polycystic ovary syndrome

(C) Primary ovarian insufficiency

(D) Subclinical hypothyroidism

Item 45

A 56-year-old man comes to the office for a follow-up eval-
uation. Since receiving a diagnosis of type 2 diabetes melli-
tus 6 months ago, he has been eating a low-fat, high-fiber,
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high-carbohydrate diet and walking for 20 minutes at
night. The patient has never smoked and drinks no alcohol.
He originally took metformin to treat his diabetes but
stopped because of persistent diarrhea. Current medications
are glyburide and ramipril.

On physical examination, temperature is 36.8 °C
(98.2 °F), blood pressure is 129/76 mm Hg, pulse rate is
76,/min, and respiration rate is 15/min; BMI is 22. Other
physical examination findings are normal.

Laboratory studies:
Alanine aminotransferase 102 units/L
Aspartate aminotransferase 96 units /L

Cholesterol
Total 264 mg/dL (6.83 mmol /L)
LDL 157 mg/dL (4.07 mmol /L)
HDL 42 mg/dL (1.09 mmol /L)
Glucose, fasting 196 mg/dL (10.9 mmol /L)
Hemoglobin A, 9.8%
Iron studies Normal
Triglycerides 437 mg/dL (4.94 mmol /L)

Hepatitis virus studies Negative

Bedtime neutral protamine Hagedorn (NPH) insulin is
initiated.

Which of the following is the most appropriate treat-
ment of his hyperlipidemia?

(A) Begin a fibrate now

(B) Begin a statin now

(C) Begin a statin after results of liver chemistry studies
normalize

(D) Begin nicotinic acid (niacin) now

(E) Begin cither a fibrate or nicotinic acid after results of
liver chemistry studies normalize

Item 46

A 58-year-old man is evaluated for a 1-week history of
headache that started after he sustained minor head
trauma with no loss of consciousness in a motor vehicle
collision. A CT scan obtained in the emergency depart-
ment revealed a sellar mass. The patient has a 2-year his-
tory of mild sexual dysfunction but no other symptoms.
He takes no medication.

On physical examination, blood pressure is 126/78
mm Hg and pulse rate is 64,/min; BMI is 32. Normal sec-
ondary sexual characteristics are noted, and no gynecomas-
tia is present. Other examination findings also are normal.

Laboratory studies show normal insulin-like growth
factor 1 and morning cortisol levels

An MRI shows a 1.7-cm sellar mass with suprasellar
extension but no chiasmal compression.

In addition to assessing adrenal and thyroid function,
which of the following is the most appropriate next
diagnostic step?

(A) Dexamethasone suppression test

(B) Growth hormone stimulation test

(C) Serum prolactin measurement

(D) Serum sodium and urine osmolality measurements



Item 47

A 57-year-old woman returns to the office to discuss her
laboratory results after a recent routine physical examina-
tion. She has hypertension treated with lisinopril but is oth-
erwise healthy and takes no vitamins or supplements. At her
previous evaluation, blood pressure was 129,/84 mm Hg,
pulse rate was 86,/min, and BMI was 26; all other physical
examination findings were normal.

Previous laboratory studies:

Albumin 3.8 g/dL (38 g/L)
Calcium 10.6 mg/dL (2.7 mmol /L)
Creatinine 0.9 mg/dL (79.6 nmol /L)

Parathyroid hormone 61 pg/mL (61 ng/L)

She has no history of fractures, kidney stones, or bone
pain but recalls that her brother was evaluated for an ele-
vated serum calcium level several years ago; she says he is
currently healthy and has not required any treatment or
surgery.

Which of the following is the most appropriate next
test in this patient’s evaluation?

(A) Measurement of the serum prolactin level

(B) Measurement of the serum 25-hydroxyvitamin D
level

(C) Measurement of the urine calcium and urine creati-
nine levels

(D) Parathyroid sestamibi scan

Item 48

A 64-year-old woman is evaluated in the intensive care unit
for persistent hypotension secondary to pyelonephritis-
related gram-negative sepsis. The patient was admitted to
the hospital 2 days ago and has received appropriate fluid
and vasopressor resuscitation and antibiotic therapy. She is
no longer receiving vasopressors.

Physical examination reveals a pale woman. Tempera-
ture is 37.9 °C (100.2 °F), blood pressure is 92 /64 mm Hg
supine, pulse rate is 102/min supine, and respiration rate is
16/min. The remaining physical examination findings are
unremarkable.

Laboratory studies:

Albumin 2.1 g/dL (21 g/L)
Electrolytes
Sodium 139 meq/L (139 mmol/L)
Potassium 3.6 meq/L (3.6 mmol/L)
Chloride 109 meq/L (109 mmol/L)

23 meq/L (23 mmol/L)
15 pg/dL (414 nmol /L)

Bicarbonate
Cortisol, random

Which of the following is the most appropriate man-
agement?

(A) Continuation of current therapy

(B) Cosyntropin stimulation test

(C) Morning (9 AM) measurement of serum cortisol
level

(D) Stress doses of hydrocortisone

Self-Assessment Test

Item 49

A 62-year-old woman is admitted to the hospital in a coma.
Her daughter says that her mother has had progressive
lethargy, malaise, disorientation, and ataxia over the past 2
days. The padent received radioactive iodine therapy 10
years ago for an overactive thyroid gland and has hyperten-
sion. She does not drink alcohol or smoke. Medications are
levothyroxine and hydrochlorothiazide, although the
daughter reports that her mother is only intermittently
adherent to her medication regimen.

Physical examination shows an ill-appearing woman
who is comatose and not responding to verbal commands.
Temperature is 35.9 °C (96.6 °F), blood pressurc is
105,/65 mm Hg, pulse rate is 75,/min, and respiration rate
is 10,/min. Cardiac examination shows a grade 2 /6 holosys-
tolic murmur at the left lower sternal border. Lung exami-
nation reveals dependent crackles, but findings are other-
wise normal. The thyroid gland is not palpable, and no
cervical lymphadenopathy is noted. The skin is dry and
cold, and the face, lips, and hands are mildly edematous.

Abdominal examination findings are normal.
Laboratory studies:
Leukocyte count

20,000/pL (20 x 10° /L),
with 80% neutrophils

Electrolytes
Sodium 132 meq/L (132 mmol /L)
Potassium 3.5 meq/L (3.5 mmol/L)
Chloride 103 meq/L (103 mmol/L)
Bicarbonate 26 meq/L (26 mmol/L)
Glucose 45 mg/dL (2.5 mmol /L)
pH 7.30
Thyroid-stimulating 140 pU/mL (140 mU/L)
hormone

0.2 ng/dL (3 pmol/L)
<20 ng/dL (0.3 nmol/L)

Thyroxine (T,), free
Triiodothyronine (T3)

A serum cortisol level is pending.

A chest radiograph shows mild bibasilar infiltrates and
an enlarged heart. A CT scan of the head without contrast
is normal.

Which of the following is the most appropriate initial
treatment of this patient?

(A) Intravenous levothyroxine

(B) Intravenous levothyroxine and hydrocortisone
(C) Intravenous liothyronine

(D) Intravenous liothyronine and hydrocortisone

Item 50

A 47-year-old man is evaluated for a 5-year history of sex-
ual dysfunction and a 3-month history of headache. He
reports low libido and erectile dysfunction. Personal and
family medical histories are unremarkable. The patient takes
no medication.

On physical examination, vital signs are normal; BMI
is 24. Funduscopic, visual field, and cranial nerve examina-
tion findings are normal. Testes are small and descended
bilaterally. No testicular mass is palpated.
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Self-Assessment Test

Laboratory studies:
Comprehensive Normal
metabolic profile
Follicle-stimulating
hormone
Luteinizing hormone 1.3 mU/mL (1.3 units/L)
Prolactin 78 ng/mL (78 ng/L)
Thyroid-stimulating 2.1 pU/mL (2.1 mU/L)
hormone
Total testosterone

2 mU/mL (2 units/L)

132 ng/dL (4.6 nmol /L)

Which of the following is the most appropriate initial
management?

(A) Cabergoline therapy

(B) Pituitary MRI

(C) Testicular ultrasonography
(D) Testosterone therapy

Item 51

A 35-year-old man is evaluated for a 2-month history of low
libido. The patient had a normal puberty. Family history is
unremarkable. He drinks two beers per week and takes no
medication.

On physical examination, vital signs are normal; BMI
is 23. Visual field examination findings are normal, as is tes-
ticular size. No gynecomastia is noted.

Laboratory studies:

Follicle-stimulating
hormone

Luteinizing hormone

Thyroid-stimulating
hormone

Total testosterone (4 rM) 200 ng/dL (7 nmol /1)

6 mU/mL (6 units/L)

5 mU/mL (5 units/L)
2.5 pU/mL (2.5 mU/L)

Which of the following is the most appropriate next
diagnostic test?

(A) Measurement of serum ferritin and iron saturation
levels

(B) Morning serum free testosterone measurement

(C) Morning serum total testosterone measurement

(D) Testicular ultrasonography

Item 52
A 24-year-old woman is evaluated for a 1-week history of neck
discomfort that radiates to the jaw, palpitations, a fast heart
rate, anxiety, and fever. The patient reports having a sore throat
4 weeks ago that resolved after a few days. She has no other
symptoms and no personal history of thyroid or endocrine dis-
orders. Her only medication is an oral contraceptive.
Physical examination shows an anxious-appearing
woman. Temperature is 37.5 °C (99.5 °F), blood pressure
is 140,/60 mm Hg, pulse rate is 110,/min, and respiration
rate is 16/min; BMI is 23. Cardiopulmonary examination
reveals tachycardia, but other findings are normal. The thy-
roid gland is slightly enlarged and tender with no nodules.
No thyroid bruit is heard, and no cervical lymphadenopa-
thy is palpated. No eye findings or pretibial myxedema is
noted. The patient has a fine bilateral hand tremor.
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Laboratory studies:
Erythrocyte sedimentation 45 mm,/h
rate
Thyroid-stimulating
hormone
Thyroxine (T,), free
Triiodothyronine (T;)

<0.01 pU/mL (0.01 mU/L)

4.1 ng/dL (53 pmol/L)
300 ng/dL (4.6 nmol/L)

A Doppler thyroid ultrasound shows an enlarged
thyroid gland with heterogencous echotexture without
cervical lymphadenopathy; no significant vascular flow is
cevident.

Which of the following is the most appropriate next
step in management?

(A) Bilateral fine-needle aspiration biopsy

(B
(C
(D

) Methimazole
) Serum thyroglobulin measurement
) 24-Hour radioactive iodine uptake test

Item 53

An 82-year-old woman is evaluated for the recent develop-
ment of frequent episodes of confusion and forgetfulness.
She has a 6-year history of type 2 diabetes mellitus and a 5-
vear history of heart failure. Medications are glyburide,
furosemide, lisinopril, and potassium supplements.

On physical examination, temperature is normal, blood
pressure is 142 /77 mm Hg, pulse rate is 87 /min, and res-
piration rate is 16,/min; BMI is 20. All other physical exam-
ination findings are unremarkable, including those from a
mental status examination.

Laboratory studies show a serum creatinine level of 1.3
mg/dL (115 umol/L) and a hemoglobin A, value of 6.2%.

Which of the following is the most appropriate imme-
diate next step in management?

(A) Discontinue glyburide
(B) Start glipizide
(C) Start metformin

(D) Start premixed 70,30 insulin (neutral protamine
Hagedorn [NPH] insulin/regular insulin)

Item 54

A 58-year-old woman is evaluated during a routine phys-
ical examination. She reports no headache, heartburn,
breast discomfort, change in energy or mood, or bone
pain. The patient has osteoarthritis and a history of a dis-
tal tibia fracture sustained 1 year ago when she tripped
while walking. She has never had kidney stones and has no
family history of endocrinopathies, kidney stones, or bone
discase. Medications are ibuprofen as needed and a daily
multivitamin.

Physical examination finding, including vital signs, are
unremarkable.
Laboratory findings:
Albumin 4.1 g/dL (41 g/L)
Blood urea nitrogen 20 mg/L (7.1 mmol /L)
Calcium 11.1 mg/dL (2.8 mmol /L)



Creatinine

Estimated glomerular
filtration rate

Parathyroid hormone

0.7 mg/dL (61.9 pmol /L)
65 mL/min/1.73 m*

63 pg/mL (63 ng/L)

A dual-energy x-ray absorptiometry scan shows T-
scores of —1.8 in the lumbar spine, —=2.0 in the total hip,
—2.2 in the femoral neck, and =2.2 in the distal radius.

Which of the following is the most appropriate next
step in managing this patient’s disease?

A) Bisphosphonate therapy
B) Bone scan
) Parathyroidectomy

(C
(D) Parathyroid hormone-related protein measurement
(E) Repeat serum calcium measurement in 1 year

Item 55

A 72-year-old man is hospitalized for treatment of com-
munity-acquired pneumonia. Despite 4 days of treatment
with intravenous fluids and antibiotics appropriate for the
bacteria cultured from sputum and blood, he remains
febrile with mild tachycardia. The patient subsequently
develops mild hypotension and is transferred to the inten-
sive care unit. Results of two subsequent blood cultures are
negative for bacteria. Medical history is significant for
hypertension treated with amlodipine and recurrent
osteoarthritis treated with intra-articular injections of tri-
amcinolone several times a year; his last injection occurred
3 months ago.

Physical examination shows a pale and anxious man.
Temperature is 38.0 °C (100.4 °F), blood pressure is
110,/68 mm Hg supine and 102/64 mm Hg sitting, pulse
rate is 102/min supine and 124 /min sitting, and respira-
tion rate is 21 /min; BMI is 33. Lung examination reveals
crackles and egophony in the right lower lobe area. Other
physical examination findings are unremarkable.

Laboratory studies:

Albumin 2.7 g/dL (27 g/L)
Electrolytes
Sodium 139 meq/L (139 mmol/L)
Potassium 3.6 meq/L (3.6 mmol/L)
Chloride 109 meq/L (109 mmol/L)
Bicarbonate 23 meq/L (23 mmol/L)
Cortisol, random 9.5 ng/dL (262 nmol/L)
Thyroid-stimulating Normal
hormone

Which of the following is the most appropriate next
step in management?

(A) Adrenocorticotropic hormone stimulation test

(B) Hydrocortisone

(C) Pseudomonal antibiotic coverage

(D) Vasopressor support

Item 56
An 88-year-old man is evaluated during a routine physical
examination. He reports moderate fatigue but has no other

Self-Assessment Test

symptoms, stuch as nervousness, weight gain or loss, joint
discomfort, constipation, palpitations, or dyspnea. The
patient has a history of hypertension. Medications are daily
lisinopril and daily low-dose aspirin. )

Physical examination shows an alert and oriented
older man. Blood pressure is 140,/85 mm Hg; all other
vital signs are normal. Cardiac examination shows a grade
1/6 crescendo-decrescendo systolic murmur, and pul-
monary examination findings are normal. The thyroid
gland is not palpable; no cervical lymphadenopathy is
noted. Results of examination of the extremities, including
pulses, are normal.

Laboratory studies:

Complete blood count Normal
Comprehensive metabolic profile Normal

Thyroid function tests
(repeated and confirmed)
Thyroid-stimulating hormone 6.8 unU/mL
(6.8 mU/L)
1.1 ng/dL
(14 pmol /L)

Thyroid peroxidase antibody titer ~ Normal

Thyroxine (T,), free

Which of the following is the most appropriate man-
agement?

(A) Levothyroxine
(B) Liothyronine

(C
(D

) Radioactive iodine test
) Observation

Item 57

A 38-year-old woman reports a 3-month history of
increasing fatigue and weight gain. She underwent
transsphenoidal surgery 4 years ago to remove a nonfunc-
tioning pituitary macroadenoma, followed 4 months later
by radiation therapy because of residual tumor. She started
taking hydrocortisone 14 months ago after adrenal insuf-
ficiency was diagnosed. The patient developed amenorrhea
1 year ago and began taking an oral contraceptive. Med-
ications are hydrocortisone, norethindrone with ethinyl
estradiol, and a multivitamin.

On physical examination, blood pressure is 102/68
mm Hg, pulse rate is 64/min, and respiration rate is
12,/min. Mild periorbital edema is noted. The skin is pale.

Laboratory studies:

Hemoglobin Normal
Sodium 134 meq/L (134 mmol /L)
Prolactin 22 ng/mL (22 ng/L)

Thyroid-stimulating 1.1 nU/mL (1.1 mU/L)

hormone

Which of the following is the most appropriate next
diagnostic test?

(A) Morning serum cortisol measurement
(B) Serum free thyroxine (T) measurement
(C) Serum growth hormone measurement
(D) Serum luteinizing hormone measurement
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Self-Assessment Test

Item 58

A 40-year-old woman is evaluated in the emergency depart-
ment at 1 am for a 7-hour history of gradually worsening
generalized abdominal pain, hyperventilation, and lethargy.
Her husband reports difficulty awakening her on several
occasions since onset of symptoms, both during the evening
and at night. The patent has a 3-day history of nausea and
anorexia. She has a 22-year history of type 1 diabetes mel-
litus treated with insulin. Because she has been unable to eat
or drink for the past 3 days, she has reduced her dosage of
basal insulin by half and taken no premeal rapid-acting
insulin during this period. Her only other medical problem
is hypertriglyceridemia. Medications before coming to the
emergency department were insulin glargine, prandial
insulin glulisine, gemfibrozil, niacin, and daily fish oil.
Physical examination shows a lethargic but arousable
woman. Temperature is 96.8 °C (36.0 °F), blood pressure
is 105,/70 mm Hg, pulse rate is 118/min, and respiration
rate is 28/min; BMI is 36. Deep sighing respirations are
noted, but the chest is clear to auscultation. She has a sweet
smell on her breath. Abdominal examination reveals gener-
alized abdominal tenderness with guarding but no rebound
tenderness. Bowel sounds are heard in all four quadrants.

Laboratory studies:
Hemoglobin
Leukocyte count

14.7 g /dL (147 g/L)
23,000/pL (23 x 107 /1), with
90% polymorphonuclear leukocytes

Electrolytes
Sodium 149 meq/L (149 mmol/L)
Potassium 5.1 meq/L (5.1 mmol/L)
Chloride 92 meq/L (92 mmol/L)
Bicarbonate 4 meq/L (4 mmol /L)

Glucose, fasting 615 mg/dL (34.1 mmol/L)

Amylase 1168 units/L

Urinalysis 4+ glucose, 4+ ketones, no bacteria

or leukocytes
A chest radiograph is normal.

Besides administering intravenous fluids and insulin,
which of the following is the most appropriate man-
agement?

(A) Abdominal CT

(B) Endoscopic retrograde cholangiopancreatography
(C) Imipenem

(D) Laparotomy

(E) Serial abdominal examinations

Item 59

A 55-year-old man is reevaluated during a follow-up exam-
ination for a wrist fracture and anemia. The patient is oth-
erwise asymptomatic. He was treated in the emergency
department 2 weeks ago after he slipped in his driveway and
sustained a right wrist fracture; mild iron deficiency anemia
was detected at that time. He had normal results of a rou-
tine screening colonoscopy 5 years ago. Since his emergency
department evaluation, 3 stool samples have been negative
for occult blood. He takes no medication.
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On physical examination, vital signs are normal; BMI
is 19. Other than a cast on his right wrist, all other findings
are normal.

Hemoglobin level is 119 g/dL (119 g/L), and 25-
hydroxyvitamin D level is 17 ng,/mL (42 nmol/L). Results of
a comprehensive metabolic profile and urinalysis are normal.

A dual-energy x-ray absorptiometry (DEXA) scan
shows T-scores of —1.6 in the lumbar spine, =2.2 in the
femoral neck, and —1.9 in the total hip.

Which of the following is the most appropriate next
step in management?

(A) Begin alendronate
(B) Begin teriparatide
(C) Repeat DEXA scan in 1 year

(D) Screen for celiac disease

Item 60

A 66-year-old woman is evaluated in the emergency depart-
ment for sudden onset of bilateral flank pain, hypotension, nau-
sea, fatigue, and dizziness. The patient had knee replacement
surgery 2 weeks ago and has been taking warfarin for preven-
tion of deep venous thrombosis and oxycodone for pain.

On physical examination, temperature is 38.3 °C
(100.9 °F), blood pressure is 98,/66 mm Hg supine and
84,/60 mm Hg sitting, pulse rate is 102/min supine and
122 /min sitting, and respiration rate is 16/min; BMI is 29.
Bilateral flank tenderness and dry mucous membranes are
noted. The surgical wound is clean.

Laboratory studies:

Hematocrit 21% (34% 5 days ago)

INR 5.5

Leukocyte count 6500,/uL (6.5 x 10°/L)

Creatinine 1.0 mg/dL (88.4 ymol /L)

Electrolytes
Sodium 129 meq/L (129 mmol /L)
Potassium 5.4 meq/L (5.4 mmol /L)
Chloride 95 meq/L (95 mmol/L)
Bicarbonate 24 meq/L (24 mmol/L)

Glucose, random 89 mg/dL (4.9 mmol/L)

Which of the following is the most likely cause of her
symptoms?

(A) Adrenal hemorrhage

(B) Gastrointestinal bleeding
(C) Narcotic overdose

(D) Septic shock

Item 61

An 82-year-old man is intubated and admitted to the inten-
sive care unit (ICU) for sepsis and hypotension from com-
munity-acquired pneumonia. According to his wife, the
patient had coronary artery bypass graft surgery 2 years ago
and has had intermittent atrial fibrillation since that time
that is treated with amiodarone, 200 mg,/d. He has no his-
tory of thyroid abnormalities. Other medications adminis-
tered in the ICU are vasopressors, ceftriaxone, and
azithromycin.

C
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Physical examination shows a sedated, ill-appearing
older man who is intubated and cannot respond to ques-

N ons. Temperature is 37.8 °C (100.0 °F), blood pressure is

90,/50 mm Hg (with vasopressors), pulse rate is 110,/min
and irregular, and respiration rate is 18/min while intu-
bated; BMI is 30. Cardiac examination reveals an irregular
rate without murmurs, rubs, or gallops. Examination of the
lungs reveals bibasilar crackles and rhonchi. The thyroid
gland is not palpable. No cervical lymphadenopathy is
noted. No bowel sounds are heard on abdominal examina-
tion. The extremities show 2+ peripheral edema. A few scat-
tered ecchymoses are present on the skin.
Laboratory studies:
Cortisol, random
Thyroid antibodies
Thyroid-stimulating
hormone (TSH)
Thyroxine (T),), free
Triiodothyronine (T3)

28 pg/dL (773 nmol /L)
Pending
16 pU/mL (16 mU/L)

0.6 ng/dL (8 pmol /L)
45 ng/dL (0.7 nmol /L)

An electrocardiogram shows tachycardia and atrial fib-
rillation, and a chest radiograph shows bibasilar infiltrates.

Which of the following is the most likely underlying
endocrine disorder in this patient?

(A) Adrenal insufficiency

(B) Euthyroid sick syndrome

(C) Hypothyroidism

(D) TSH-secreting pituitary tumor

Item 62

A 32-year-old woman is evaluated for increased hair growth
on the face and chest and a 3-month history of irregular
menses. She has a 5-year history of hypothyroidism. Her
only medication is levothyroxine.

On physical examination, temperature is 37.0 °C
(98.6 °F), blood pressure is 110,/72 mm Hg, and pulse rate
is 80/min; BMI is 26. Terminal hair growth of the upper
lip, chin, sides of the face, and middle of the chest is noted.
No acanthosis nigricans or galactorrhea is detected. Palpa-
tion of the abdomen reveals no masses. Pelvic examination
reveals clitoromegaly.

Laboratory studies:

Dehydroepiandrosterone  2.78 ug/mL (7.5 pmol/L)
sulfate

Prolactin

Total testosterone

Thyroid-stimulating
hormone

17 ng/mL (17 ng/L)
279 ng/dL (9.7 nmol /L)
1.5 pU/mL (1.5 mU/L)

Which of the following is the most appropriate next
diagnostic test?

(A) Adrenal CT

(B) Free testosterone measurement

(C) Pituitary MRI

(D) Transvaginal ultrasonography

Self-Assessment Test

Item 63

A 62-year-old man is admitted to the hospital for a right hip
replacement. The patient has a 36-year history of type 1 dia-
betes mellitus. He also has proliferative diabetic retinopathy
treated previously with laser therapy and peripheral and
autonomic neuropathy. Before admission, the patent’s dia-
betes was treated with premixed 70,30 insulin (neutral pro-
tamine Hagedorn [NPH] insulin/regular insulin); he took
18 units of this preparation before breakfast and 12 units
before his evening meal. His most recent hemoglobin A,
value indicated good glycemic control.

On physical examination, temperature is normal, blood
pressure is 138 /79 mm Hg, pulse rate is 88 /min, and res-
piration rate is 16,/min; BMI is 22. Other physical exami-
nation findings are consistent with the previously estab-
lished diagnoses of diabetic retinopathy with laser scars,
autonomic neuropathy, and osteoarthritis of the right hip.

Which of the following is the most appropriate insulin
therapy after surgery?

(A) Insulin glargine once daily and insulin aspart before
each meal

(B) Intravenous insulin infusion

(C) Previous schedule of 70,/30 insulin

(D) Sliding scale insulin schedule with regular insulin
given whenever the blood glucose level is 150
mg/dL (8.3 mmol/L) or greater

(E) Subcutancous insulin infusion

Item 64

A 33-year-old woman is evaluated for a 5-month history of
amenorrhea and a 3-month history of galactorrhea. The
patient says her menstrual cycles were normal before onset
of amenorrhea. She takes no medication.

On physical examination, vital signs are normal. Visual
field findings are normal. Bilateral galactorrhea is noted.

Results of laboratory studies show a serum luteinizing
hormone level of 2 mU/mL (2 units/L), a prolactin level
0f965 ng/mL (965 pg,/L), and a free thyroxine level of 1.1
ng/dL (14 pmol/L). A serum B-human chorionic
gonadotropin measurement is normal.

An MRI shows a 1.5-cm sellar mass with suprasellar
extension that impinges on the optic chiasm.

Which of the following is the most appropriate initial
treatment?

(A) Dopamine agonist therapy

(B) Oral contraceptive

(C) Radiation therapy

(D) Transsphenoidal surgical resection

Item 65

A 72-year-old woman is evaluated in the emergency depart-
ment for loss of consciousness. Her son, who brought her
in, says she seemed confused and agitated when he spoke to
her on the telephone less than 2 hours ago. The patient has
an 8-year history of type 2 diabetes mellitus. She had strict
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CONT.

Self-Assessment Test

glycemic control (average hemoglobin A, level, 6.2%) until
last month when she had an infected ulcer between the
third and fourth toes of the right foot that resulted in ampu-
tation of the middle toe 1 week ago. According to her son,
she has been depressed while recovering at home and is not
cating or drinking much. Medications are glyburide,
cephalexin, and ibuprofen as needed.

On physical examination, temperature is 37.9 °C
(100.2 °F), blood pressure is 162,/96 mm Hg, pulse rate is
112 /min, and respiration rate is 21 /min; BMI is 19. The
patient remains unconscious and is unresponsive to noxious
stimuli. Dense left hemiplegia, warmth, and profuse sweat-
ing are noted. No inguinal lymphadenopathy is observed.
The right middle toe amputation is healing well without
redness, discharge, or swelling. No ankle edema is noted.

Which of the following is the most appropriate next
step in management?

(A) Additon of vancomycin and ceftriaxone to the
antibiotic regimen

(B) Fingerstick measurement of the blood glucose level

(C) Intravenous infusion of recombinant tissue plasmino-
gen activator

(D) Noncontrast CT of the head

Item 66

A 71-year-old woman is evaluated for a 3-month history of
occasional hoarseness and intermittent difficulty swallowing,
The patient has a 10-year history of a multinodular goiter.
Results of previous fine-needle aspiration biopsies, including
one 6 months ago, have been negative for cancer, showing
only bland-appearing follicular cells, colloid, and macrophages.
She is otherwise healthy and takes no medication.

Physical examination reveals a vigorous woman. Vital
signs are normal. The patient’s face is slightly flushed and
becomes more flushed when she raises her arms. Examina-
tion of the neck shows an enlarged thyroid gland that con-
tains several firm but not hard nodules. The gland moves
casily with swallowing. All other physical examination find-
ings are normal, with no evidence of thyrotoxicosis.

Results of laboratory studies show a serum thyroid-
stimulating hormone level of 0.51 nU/mL (0.51 mU/L)
and free thyroxine (Ty) level of 1.6 ng/dL (21 pmol/L).

Radioactive iodine uptake is 28%. A thyroid scan reveals
multiple patchy areas of either increased or decreased uptake.

A CT scan without contrast shows a large multinodu-
lar goiter, with substernal extension and extrinsic moderate
compression of the trachea on the right, and a patent airway.

Which of the following is the most appropriate treatment?

(A) Exrernal-beam radiation to the neck
(B) Levothyroxine

(C) Methimazole

(D) Thyroidectomy

Item 67

A 42-year-old man is evaluated for a 6-day history of severe
burning and stabbing pain in both feet that is worse in the
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toes. The pain is more severe at night, is aggravated when
the bed sheets touch his skin, and is pardally relieved
when he walks or massages his feet. The patient has an 8-
year history of poorly controlled type 1 diabetes mellitus
and a 2-year history of hypertension. He was hospitalized
briefly 2 weeks ago for treatment of pneumonia and dia-
betic ketoacidosis. His fasting blood glucose levels have
been in the range of 150 to 200 mg/dL (8.3-11.1
mmol/L) since hospital discharge. He does not drink
alcohol or smoke. Medications are insulin glargine, insulin
glulisine, and lisinopril.

On physical examination, vital signs are normal; BMI
is 22. Both feet and ankles are exquisitely sensitive to touch
and temperature, especially on the tips of the toes. Pulses are
casily palpated in both feet. No fasciculations, muscle weak-
ness, foot ulcers, or foot deformities are noted. Monofila-
ment testing reveals insensate feet bilaterally. Ankle reflexes
are absent bilaterally.

Results of laboratory studies show a hemoglobin A,
value of 9.2%.

In addition to improving glycemic control, which of
the following is the most appropriate next step in man-
agement?

(A) Desipramine

(B) Fluoxetine

(C) Nerve conduction studies
(D) Oxycodone

(E) Sural nerve biopsy

Item 68

A 78-year-old woman is evaluated for a rapidly enlarging
neck mass that has been present for 4 weeks and is associ-
ated with neck discomfort, dysphagia, and hoarseness. The
patient has had Hashimoto thyroiditis and hypothyroidism
since age 24 years and has been taking levothyroxine since
that time.

Physical examination reveals an older woman in severe
distress. Temperature is 39.4 °C (102.9 °F), blood pressure
is 145,/75 mm Hg, pulse rate is 110,/min, and respiration
rate is 16,/min; BMI is 23. Pulmonary examination reveals
dyspnea with bilateral basilar rhonchi, and cardiac examina-
tion shows tachycardia without a murmur. The thyroid
gland is enlarged and firm without nodules. Facial plethora
and distended bilateral cervical neck veins are noted. The
patient is hoarse. Bilateral cervical lymphadenopathy is pal-
pated. Although neurologically intact, she finds it difficult
to concentrate when asked questions.

A thyroid ultrasound shows an enlarged thyroid gland
with heterogeneous echotexture but no specific nodularity
and multiple bilateral cervical lymph nodes measuring 1 to
3 cm in diameter.

Which of the following is the most likely diagnosis?

(A) Bleeding into the thyroid gland

(B) Medullary thyroid cancer

(C) Papillary thyroid cancer
D)

(

Primary thyroid lymphoma



Item 69

A 33-year-old woman is evaluated for a 2-week history of
progressive fatigue, dizziness, anorexia, and arthralgia in
multiple joints. Six weeks ago, the patient (gravida 2, para
2) had a difficult labor and delivery requiring multiple
blood transfusions; her pregnancy had been uneventful. She
subsequently was unable to lactate and has had no menscs.
Her only medication is a daily multivitamin.

Physical examination reveals a pale, thin woman. Tem-
perature is 37.1 °C (98.7 °F), blood pressure is 88 /50 mm
Hg, pulse rate is 88 /min, and respiration rate is 16,/min;
BMI is 19. Visual field examination findings are normal. No
galactorrhea is noted.

Laboratory studies:
Sodium 129 meq/L (129 mmol /L)
Adrenocorticotropic 5 pg/mL (1 pmol/L)

hormone
Cortisol (8:00 aM) 2.4 ng/dL (66 nmol/L)
(normal, 5-25 pg/dL
[138-690 nmol/L])
Follicle-stimulating 1.1 mU/mL (1.1 units/L)
hormone
Prolactin 1.3 ng/mL (1.3 pg/L)
Thyroid-stimulating 1.3 wU/mL (1.3 mU/L)

hormone
Results of a pituitary MRI are pending,

Which of the following is the most appropriate initial
treatment?

(A) Arginine vasopressin replacement therapy
(B) Hydrocortisone

(C) Hypertonic saline

(D) Levothyroxine

Item 70

An 18-year-old woman is evaluated for syncope. She has
had three episodes in the past month that resolved after she
drank fruit juice with sugar. She has a history of depression
treated with citalopram and occasional insomnia treated
with zolpidem as needed. Her mother has type 2 diabetes
mellitus treated with neutral protamine Hagedorn (NPH)
insulin and glyburide.

Several minutes into her evaluation, the patient
becomes confused and agitated with tachycardia and pro-
fuse sweating. A blood specimen is drawn, and intravenous
glucose is administered to resolve her symptoms.

Physical examination shows a pale, thin woman. Vital
signs are normal, and other physical examination findings
are unremarkable.

Laboratory studies:

C-peptide 0.4 ng/mL (0.13 nmol /L)

(normal range, 0.5-2.5 ng/mL

[0.16-0.82 nmol/L])

Glucose, fasting 34 mg/dL (1.9 mmol /L)

Insulin 26 nU/mL (187.6 pmol /L)
(normal range, 2-20 pU,/mL
[14.4-144.3 pmol/L])

Sulfonylurea screen  Negative

Self-Assessment Test

Which of the following is the most appropriate next
step in management?

(A) Abdominal CT

(B) Abdominal octreotide scanning
(C) Gastric emptying study

(D) Psychiatric evaluation

Item 71

A 66-year-old woman is evaluated after a right adrenal mass
is found on a CT scan of the abdomen obtained for evalu-
ation of severe abdominal pain, which has since resolved.
She has no history of hypertension or diabetes mellitus and
has noted no palpitadons, headaches, sweating, or weight
changes.

On physical examination, temperature is 36.6 °C
(97.9 °F), blood pressure is 140,/84 mm Hg, pulse rate is
78 /min, and respiration rate is 16/min; BMI is 29. The
skin is normal, as is the distribution of supraclavicular and
posterior cervical fat pads. All other physical examination
findings, including those from a neurologic examination,
are normal.

Laboratory studies:

Creatinine 1.0 mg/dL (88.4 pmol /L)
Electrolytes
Sodium 139 meq/L (139 mmol/L)
Potassium 4.1 meq/L (4.1 mmol/L)
Chloride 97 meq/L (97 mmol /L)
Bicarbonate 29 meq/L (29 mmol /L)

89 mg/dL (4.9 mmol /L)
(Normal, 5-25 pg/dL
[138-690 nmol /L])
Baseline 13.8 ng/dL (381 nmol /L)
After 1 mg 1.1 pg/dL (30 nmol /L)
dexamethasone
the night before
Dehydroepiandrosterone 0.2 ng/mL (0.54 pmol /L)
sulfate
Urine metanephrine and Normal
normetanephrine

Glucose, random
Cortisol (9 AM)

The previously obtained CT scan shows a right adrenal
mass that measures 2.5 cm in its longest dimension and has
an attenuation of 9 Hounsfield units.

Which of the following is the most appropriate man-
agement?

(A) Metaiodobenzylguanidine (MIBG) scan
(B) MRI

(C) Repeat testing in 6 to 12 months

(D) Right adrenalectomy

Item 72

A 62-year-old man is evaluated in the emergency depart-
ment for recent onsct of fever and severe abdominal pain.
He also reports a history of anxiety, frequent palpitations,
difficulty concentrating, dyspnea, diarrhea, nausea, vomit-
ing, and weight loss (total, 9.1 kg [20 Ib]) over the past few
months. He has had no neck discomfort. An abdominal CT
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Self—Assgssment Test

scan with iodine contrast obtained several weeks ago when
he first experienced abdominal pain was normal. The
patient also has a 6-month history of Graves disease treated
with methimazole. He takes no other medication.

Physical examination shows an anxious and agitated
man. Temperature is 38.9 °C (102.0 °F), blood pressure
is 160,90 mm Hg, pulse rate is 130,/min and regular, and
respiration rate is 22 /min. Cardiac examination shows a
grade 2 /6 holosystolic murmur, and crackles are heard on
lung examination. Eye examination shows no acute inflam-
matory findings. Findings from an examination of the
pharynx are normal. The thyroid gland is firm and
enlarged bilaterally with no specific nodules palpated. A
thyroid bruit is heard. No cervical lymphadenopathy is
noted. The skin is warm and moist. Abdominal examina-
tion reveals a palpable liver 2 cm below the right costal
margin. Examination of the extremities shows 2+ periph-
eral leg edema. Neurologic examination reveals that the
patient is oriented to place but not time, giving the incor-
rect answer when asked for the year.

Results of laboratory serum studies show a thyroid-
stimulating hormone level of less than 0.01 pU/mL (0.01
mU/L), a free thyroxine (T,) level of 8.2 ng/dL (106
pmol,/L), and a triiodothyronine (T}) level of 650 ng/dL
(10 nmol /L).

Which of the following is the most likely diagnosis?

(A) Euthyroid sick syndrome
(B) Myxedema coma

(C) Subacute thyroiditis

(D) Thyroid storm

Item 73

A 31-year-old woman is evaluated during a postpartum
examination 6 months after giving birth to her first
child. The patient was obese before becoming pregnant,
developed gestational diabetes mellitus during preg-
nancy, and was able to maintain her weight and glucose
level within the target range throughout her pregnancy
with diet alone. Her infant weighed 4139 grams (146
ounces) at birth.

This patient’s infant is at increased risk for which of
the following disorders?

(A) Childhood obesity

(B) Maturity-onset diabetes of the young
(C) Type 1A diabetes mellitus

(D) Type 1B diabetes mellitus

Item 74

A 44-year-old man is evaluated for a 2-year history of
headache and 1-year history of diabetes mellitus and hyper-
tension. His glove and shoe sizes have increased several
times over the past 3 years, and he reports painful knees and
hips. The patient also has sleep apnea and carpal tunnel syn-
drome. Medications are metformin and lisinopril.

On physical examination, blood pressure is 152,92
mm Hg, pulse rate is 82/min, and respiration rate is
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16,/min. Coarse facial features, frontal bossing, accentuated
nasolabial folds, a large tongue, and thick hands and feet
are noted.

Which of the following is the most appropriate next
diagnostic test?

(A) MRI of the pituitary gland

(B) Random serum growth hormone measurement
(C) Serum insulin-like growth factor 1 measurement
(D) Serum prolactin measurement

Item 75

A 67-year-old man is admitted to the hospital after being
found unresponsive and intoxicated at home. Family mem-
bers report that he has a history of hypertension treated
with atenolol and a history of alcoholism. He lives alone and
has been resistant to assistance with meals and chores. He
takes no other medication.

On physical examination, the patient is lethargic but
arousable and smells strongly of alcohol. Vital signs are
normal except for a pulse rate of 105/min. Mucous
membranes are dry. No pain is elicited on abdominal
examination. Chvostek sign and Trousseau phenomenon
are noted.

After an electrocardiogram shows tachycardia (heart
rate to 105,/min) and a prolonged corrected QT interval
(0.49 s), the patient is given intravenous fluids with added
thiamine and folate. A calcium infusion is initiated.

Laboratory studies (before administration of thi-
amine, folate, and calcium):

Amylase 110 units/L

Blood urea nitrogen 33 mg/L (11.8 mmol/L)
Creatinine 1.4 mg/dL (124 pmol /L)
Ethanol 249 mg/dL (0.25 g/dL)

(normal, <1.0 mg/dL
[0.001 g/dL])

2.9 mg/dL (0.7 mmol/L)
(normal, 3.8-5.3 mg/dL
[1.0-1.3 mmol/L])

2.1 mg/dL (0.68 mmol /L)

In addition to the interventions already underway,
measurement of which of the following serum levels is
the most appropriate next diagnostic test?

(A) Calcitonin

(B) 1,25-Dihydroxyvitamin D

(C) Magnesium

(D) Parathyroid hormone

Ionized calcium

Phosphorus

Item 76

A 32-year-old man is evaluated for significant blood glucose
clevations associated with exercise. The patient has a 22-year
history of type 1 diabetes mellitus. He reports that after a
recent 6 AM five-mile run, his blood glucose level was 386
mg,/dL (21.4 mmol /L); the level was 297 mg/dL (16.5
mmol/L) just before the run and 215 mg/dL (11.9
mmol /L) at bedtime the night before. He took no insulin
and ate no food in the morning before his run. During the



run, he felt slow and fatigued but was significantly better
after drinking water and giving himself insulin. The patient
had one episode of diabetic ketoacidosis 15 years ago. Med-
ications are insulin detemir, 16 units/d in the morning, and
insulin lispro, 4 to 6 units before each meal, depending on
his preprandial blood glucose level and expected carbohy-
drate intake. -

Physical examination findings, including vital signs, are
normal.

Which of the following is the most likely cause of his
postexercise hyperglycemia:

(A) Excess nocturnal carbohydrate intake
(B) Gastroparesis

(C) Inadequate insulin replacement

(D) Nocturnal hypoglycemia

Item 77

An 18-year-old woman is evaluated for amenorrhea. The
patient underwent menarche at age 12 years and has never
had any subsequent menses. She has no medical history of
note. Family history is remarkable only for hypothyroidism.
She rakes no medication.

On physical examination vital signs are normal; BMI is
22 (height, 147.3 cm [58.0 in]; weight, 48.6 kg [107.0
Ib]). Visual field, thyroid, and pelvic examination findings
arc normal.

Results of laboratory studies show an initial serum fol-
licle-stimulating hormone level of 53 mU/mL (53
units/L) and a subsequent level of 62 mU/mL (62
units/L) on repeat testing. Serum thyroid-stimulating hor-
mone, human chorionic gonadotropin, and prolactin levels
are normal.

Which of the following is the most appropriate next
diagnostic test?

(A) Karyotyping

(B) Pelvic ultrasonography

(C) Progesterone challenge test
(D) Serum estradiol measurement

Item 78

A 23-year-old woman is evaluated for a 2-week history of
nervousness, palpitations, nausea, vomiting, and weight
loss. She is 3 weeks pregnant and says she was previously in
excellent health. The patient takes a daily prenatal multivit-
amin but no other prescription medication, iodine supple-
ment, or other over-the-counter medication.

On physical examination, blood pressure is 130/70
mm Hg, pulse rate is 110,/min and regular, and respiration
rate is 16/min; BMI is 22. Results of cardiac and lung
examinations are normal. Eye examination findings also are
normal. Examination of the thyroid gland shows a signifi-
cantly enlarged gland with a soft bruit but no nodules. No
neck tenderness is detected. Abdominal examination reveals
a 2-cm patch of vitiligo. A fine bilateral hand tremor and
warm, moist skin are noted. No evidence of pretibial
myxedema is seen.

Self-Assessment Test

Laboratory studies:

Complete blood count Normal

Comprehensive Normal
metabolic profile

Thyroid-stimulating
hormone

Thyroxine (T,), free 4.0 ng/dL (52 pmol/L)

Triiodothyronine (T;), 6 ng/L (9.2 pmol /L)
free

Human chorionic Positive
gonadotropin

Thyroid peroxidase
antibodics

Thyroid-stimulating
antibodies

<0.01 pU/mL (0.01 mU/L)

40 units/L (normal, <20 units/L)

140% (normal, <130%)

A thyroid ultrasound shows an enlarged thyroid gland
without nodules.

Which of the following is the most appropriate initial
treatment?

(A) Methimazole
(B) Propylthiouracil
(C) Thyroidectomy
(D) Reassurance

Item 79

A 21-year-old man comes to the office for a follow-up eval-
uation. He has a 12-year history of type 1 diabetes mellitus
and a recent hemoglobin A, value of 8.2%. Two days ago,
he was brought to the emergency department after having a
seizure at 3 AM in his dormitory. Earlier that day, he ate a
hearty dinner, played basketball with friends for 3 hours, and
then had three beers at a local microbrewery. His glucose
monitor showed a blood glucose level of 163 mg/dL (9.0
mmol /L) before he went to bed at 11 pm. His initial plasma
glucose level in the emergency department was 28 mg/dL
(1.6 mmol /L). He was given intravenous glucose and recov-
ered fully. His only medications are insulin detemir before
breakfast and dinner and insulin aspart before all meals.

Physical examination shows a fit, muscular young man.
Vital signs are normal; BMI is 19. All other physical exam-
ination findings are normal.

Laboratory studies show a hemoglobin A, value of 8.2%.

Which of the following is the most appropriate advice
related to evening exercise to give this patient?

(A) Avoid evening exercise

(B) Ifalcohol is consumed, drink only light beer

(C) Eat complex carbohydrates at bedtime

(D) Omit the evening dose of insulin detemir and insulin
aspart

Item 80

A 38-year-old man is evaluated for a 4-month history of
progressive fatigue, cold intolerance, weight gain (total, 5.5
kg [12.0 Ib]), occasional headaches, and loss of libido. He
has no polydipsia or polyuria.
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Self-Assessment Test

Physical examination reveals a pale, tired-looking man.
Blood pressure is 102,/78 mm Hg, pulse rate is 58 /min,
and respiration rate is 12 /min. Deep tendon reflexes l‘mvc
a prolonged relaxation phase. All other examination find-
ings are noncontributory.

Laboratory studies:
Cortisol (8 am) 7 ug/dL (193 nmol /L)
(normal, 5-25 ng/dL
[138-690 nmol/L])
Insulin-like growth
factor 1 80 ng/mL (80 ng/L)
(normal range 101-270 ng/mL
[101-270 ng/1.])
Testosterone, total 112 ng/dL (3.9 nmol /L)
Thyroid-stimulating
hormone 1.1 pU/mL (1.1 mU/L)

Thyroxine, free 0.4 ng/dL (5 pmol/L)

An MRI shows a 1.1-cm sellar mass that fills the sella,
with no supra- or parasellar extension.
Levothyroxine is initiated.

Which of the following hormones must be adminis-
tered simultaneously with levothyroxine?

(A) Glucocorticoid
(B) Growth hormone
(C) Testosterone

(D) Vasopressin

Item 81

A 38-year-old man is evaluated for a mass in his right neck
that he first noticed 2 wecks ago while shaving. The patient
also reports experiencing a pressure sensation when swallow-
ing solid foods for the past year and daily diarrhea for the past
2 months. His personal medical history is unremarkable. His
vounger brother has nephrolithiasis, and his father died of a
hypertensive crisis and cardiac arrest at age 62 vears while
undergoing anesthesia induction to repair a hip fracture.

On physical examination, vital signs are normal. A mass
is palpated in the right lobe of the thyroid gland. No cervi-
cal lymphadenopathy is palpable.

Results of laboratory studies show a serum calcium
level of 10.6 mg/dL (2.7 mmol /L) and a thyroid-stimu-
lating hormone level of 1.9 pU/mlL. (1.9 mU/L).

A chest radiograph is normal. A thyroid ultrasound con-
firms a 1.4-cm mass in the right lobe of the thyroid gland.

Which of the following is the most likely diagnosis?
(A) Benign familial hypocalciuric hypercalcemia

(B) Multiple endocrine neoplasia type 2

(C) Parathyroid cancer

(D) Sarcoidosis

Item 82

A 25-year-old woman is evaluated for a 2-year history of
increasing hair growth on the upper lip, chin, and sides of
the face. She underwent menarche ar age 12 vears and has
had irregular menses and some atypical hair growth since
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that time. She has no other medical problems and takes no
medication.

On physical examination, temperature is normal,
blood pressure is 128 /70 mm Hg, pulse rate is 70,/min,
and respiration rate is 10,/min; BMI is 27. Thyroid exam-
ination findings are normal. Mild acanthosis nigricans of
the axillac and neck and terminal hair growth on the chin,
upper lip, and sides of the face are noted. No evidence of
abdominal or pelvic masses, clitoromegaly, or galactorrhea
is detected.

Laboratory studies:
Glucose, fasting
Dehydroepiandrosterone
sulfate
Follicle-stimulating
hormone (day 3 of
menstrual cycle)
17-Hydroxyprogesterone

85 mg/dL (4.7 mmol /L)
1.8 pg/mL (4.9 pmol /L)

6 mU/mL (6 units/L)

100 ng/dL (3 nmol /L)

(normal, <200 ng/dL

[6 nmol /L])

Prolactin 17 ng/mL (17 pg/L)

Thyroid-stimulating 2.1 pU/mL (2.1 mU/L)
hormone

Total testosterone 98 ng/dL (3.4 nmol/L)

Which of the following is the most appropriate treat-
ment for her hirsutism?

(A) Bromocriptine

(B) Dexamethasone

(C) Estrogen-progesterone oral contraceptive
(D) Metformin

(E) Spironolactone

Item 83

A 52-year-old man is seen for follow-up evaluation 12
weeks after undergoing transsphenoidal surgery to treat
acromegaly associated with a 2.3-cm pituitary adenoma that
had invaded the cavernous sinus. He reports continuing
headache and bilateral pain in the hip, knee, and elbows.
The patient has a history of type 2 diabetes mellitus, sleep
apnea, and hypertension. Medications are metformin,
lisinopril, metoprolol, and ibuprofen as needed.

On physical examination, blood pressure is 148 /92
mm Hg and pulse rate is 88 /min. Frontal bossing, promi-
nent nasolabial folds, a large tongue, and thickened hands
and feet are noted.

Laboratory study results show that the serum insulin-like
growth factor 1 (IGF-1) level, which was 1030 ng/mI. (1030
ng/L) (normal for age, 87-238 ng/mL [87-238 ug/L])
before surgery, is still elevated at 780 ng/mL (780 ng/L.).

Which of the following is the most appropriate next
step in treatment?

(A) Bromocriptine

(B) Octreotide
(C) Repeat transsphenoidal surgery
(D) Observation



Item 84

A 52-year-old man is evaluated for recent onset of fadgue and
muscle weakness. The patient further reports nocturia and
polyuria over the past 4 weeks and a 6-kg (13.2-1b) weight loss
over the past 2 months. He has COPD and a 55-pack-year
smoking history. His only medication is an albuterol inhaler.

On physical examination, temperature is 36.7 °C
(98.1 °F), blood pressure is 188,/102 mm Hg, pulse rate is
96,/min, and respiration rate is 22 /min; BMI is 23. Tem-
poral muscle wasting and proximal muscle wasting and
weakness are noted in the upper and lower extremities.
Hyperpigmented mucous membranes are noted. A view of
the patient’s toenail beds is shown.

Self-Assessment Test

Laboratory studies:

Creatinine 0.8 mg/dL (70.7 pmol /1)

Electrolytes
Sodium 145 meq/L (145 mmol /L)
Potassium 2.4 meq/L (2.4 mmol/L)
Chloride 101 meq/L (101 mmol/L)
Bicarbonate 33 meq/L (33 mmol/L)

Glucose, random
Adrenocorticotropic
hormone (ACTH)
Urine
Cortisol, free

312 mg/dL (17.3 mmol /L)
243 pg/mL (53 pmol/L)

460 pg,/24 h (1268 nmol/
24 h)

45 meq/L (45 mmol/L)
(normal, 17-164 meq/L [17-
164 mmol/L])

Which of the following is the most likely cause of this
patient’s findings?

(A) Adrenal adenoma

(B) Adrenal carcinoma

(C) Ectopic ACTH scecretion

(D) Pituitary adenoma

Potassium, spot test
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Item 1 Answer: B

Educational Objective: Predict the results of laser
photocoagulation therapy for diabetic retinopathy.

This patient will most likely have diminished peripheral and
night vision but retained central vision after photocoagula-
tion. Panretinal laser photocoagulation delivers several
thousand small burns to the periphery of the retina, which
results in the avascular scarring and shriveling of new ves-
sels shown.

As a result, more retinal blood flow is available for the
central part of the retina, which helps retain central vision.
However, this procedure also causes deterioration of
peripheral vision, which often is most noticeable at night.

This patient’s overall visual acuity is unlikely to
improve but should not get significantly worse, unless the
proliferative retinopathy progresses.

Because central vision remains intact, neither binocu-
lar vision nor depth perception will be affected.

o Panretinal laser photocoagulation therapy for
diabetic retinopathy typically results in retained
central vision but poorer peripheral and night
vision.
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Item 2 Answer: B

Educational Objective: Manage an adrenal
incidentaloma.

This patient should undergo right adrenalectomy. The increas-
ing use of imaging studies has revealed many previously unrec-
ognized, often asymptomatic adrenal masses (adrenal inciden-
talomas) in 2% to 3% of the scanned population older than 50
years and in up to 7% of those older than 70 years. Adrenal
masses in younger patients are more clinically significant. The
evaluation of adrenal masses should address the origin and
nature of the mass (primary versus metastatic, benign versus
malignant). For a primary tumor, whether it is functioning or
not must be determined. Nearly 10% of all adrenal inciden-
talomas are functioning, although most do not have overt clin-
ical manifestations. He has an incidental but large adrenal mass
without any clinical or biochemical features to suggest exces-
sive adrenocortical hormone or catecholamine secretion. The
size of the mass (7 e¢m) and its high CT attenuation (77
Hounsfield units) are suggestive of malignancy. The risk of pri-
mary or metastatic cancer is nearly 2% for tumors less than 4
cm in diameter but increases to 25% for tumors 6 cm or larger.
For masses 6 cm or larger, surgical removal of the mass is the
most appropriate management option.

A biopsy of the adrenal mass is not indicated in this patient
because a negative result may be a false-negative, and a positive
result only confirms the need to surgjcally remove the mass.

In the absence of hypertension, hypokalemia, or clini-
cal features suggestive of hypercortisolism, the possibility of
hyperaldosteronism or Cushing syndrome is remote.
Therefore, neither determining the serum aldosterone to
plasma renin activity ratio nor measuring the 24-hour
excretion of urine cortisol is likely to be useful.

* An adrenal incidentaloma that is 6 cm in size or
larger and has a high CT attenuation value has
a high likelihood of being malignant; surgical
removal of the mass is thus the most appropri-
ate management.

Bibliography
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Item 3 Answer: D

Educational Objective: Evaluate secondary
amenorrhea.

Progesterone challenge testing is the most appropriate next
diagnostic step in this patient. By definition, secondary
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Answers and Critiques

amenorrhea is the absence of menses for 3 or more consecu-
tive months in a woman who previously has menstruated.
Oligomenorrhea (irregular and infrequent menses) is much
more common than complete amenorrhea, but the diagnos-
tic consideratons are similar. To check for primary ovarian
insufficiency and other common endocrinologic causes of
amenorrhea, initial laboratory studies should include mea-
surement of the follicle-stimulating hormone (FSH), pro-
lactin, thyroxine (T, ), and thyroid-stimulating hormone lev-
els. Serum FSH values greater than 35 milliunits/mL (35
units/L) are consistent with primary ovarian insufficiency, and
values of 20 to 35 milliunits/mL (20-35 units/L) suggest a
low ovarian reserve. Her laboratory evaluation has excluded
pregnancy, thyroid discase, hyperprolactinemia, and primary
ovarian insufficiency. Therefore, the next step is to determine
whether she is making adequate estrogen, which the pro-
gesterone challenge test can help determine. If withdrawal
bleeding occurs, then the padent is producing enough estro-
gen. If no withdrawal bleeding occurs, then the padentisin a
low-estrogen state, and a hypothalamic or pituitary cause is
most likely responsible, given her normal FSH level.

Measurement of her total testosterone and dehy-
droepiandrosterone levels is not indicated at this time
because she has no clinical evidence of hyperandrogenism,
such as hirsutism or the presence of virilization (voice deep-
ening, clitoral enlargement).

An MRI of the pituitary gland also is not indicated at
this time because her prolactin and FSH levels are normal.

Asherman syndrome due to endometrial scarring
should be considered as the cause of secondary amenorrhea
inany woman who previously had dilation and curettage or
a uterine infection. The patient had normal menses until
amenorrhea began and has no history of uterine proce-
dures. Therefore, an anatomic abnormality is less likely, and
pelvic ultrasonography is not needed.

® In a patient with secondary amenorrhea and
normal findings of screening laboratory stud-
ies, the cornerstone of further evaluation is a
progesterone withdrawal challenge.
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Item 4 Answer: B

Educational Objective: Manage subclinical
hypothyroidism in a woman with multiple risk factors.

This patient should begin receiving levothyroxine therapy
because she is at high risk for overt hypothyroidism, given her
positive family history, positive thyroid peroxidase antibody
assay, small goiter, and desire to become pregnant. Currently,
she has subclinical hypothyroidism, which is defined by the
presence of an elevated serum thyroid-stimulating hormone
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(TSH) level with concomitant thyroxine (T,) and tri-
iodothyronine (T;) levels in the reference range. Patients typ-
ically have mild or no symptoms of hypothyroidism. The
potential causes of subclinical hypothyroidism are the same as
for overt hypothyroidism. Evidence suggests that patients
with subclinical hypothyroidism also have mild elevations in
total cholesterol, LDL cholesterol, and even C-reactive pro-
tein levels, and some recent meta-analyses have shown an
increased risk for atherosclerosis and cardiac events. How-
ever, no data support treatment with levothyroxine to reverse
or improve outcomes for these risks. Consensus does exist for
treatment of patients with serum TSH levels greater than 10
microunits/mL (10 milliunits /L). Additionally, many advo-
cate a lower threshold for instituting levothyroxine therapy in
patients (such as this patient) with anti-thyroid peroxidase
antibodies, a strong family history of thyroid disease, a goi-
ter, or pregnancy.

Avoiding hypothyroidism during pregnancy is imper-
ative because overt hypothyroidism has been associated
with low birth weight, increased risk of miscarriage, pre-
mature birth, and fetal loss. The optimal TSH normal range
in a woman desirous of becoming pregnant is 0.5 to 2.5
microunits/mL (0.5-2.5 milliunits /L).

A fine-needle aspiration biopsy of the thyroid gland
should be reserved for the evaluation of a thyroid nodule
and thus is not indicated in this patient.

Given her high risk of progression to overt hypothy-
roidism and the potential risk to the fetus should she become
pregnant, waiting 6 weeks and then repeating the TSH mea-
surement is not an appropriate choice in this patient.

This patient does not have an indication for a thyroid
scan. Physical examination revealed no palpable nodules on
or tenderness in the thyroid gland. A thyroid scan would
add little to her evaluation and would result in unnecessary
radiation exposure.

* Patients with subclinical hypothyroidism should
be treated with levothyroxine if they are at high
risk for progression to overt hypothyroidism (thy-
roid-stimulating hormone level greater than 10
microunits/mL [10 milliunits /L], positive family
history, goiter, presence of anti-thyroid peroxidase
antibodies, or desire to become pregnant).
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Item 5 Answer: B

Educational Objective: Diagnose tuberculosis-
induced hypercalcemia.

The patient has disseminated tuberculosis with hypercal-
cemia due to excessive production of 1,25-dihydroxyvita-
min D by the tuberculous granulomas. The granulomas of



INT.

tuberculosis (and other granulomatous diseases, such as sar-
coidosis, Crohn disease, and leprosy) are composed of
macrophages that possess the lo-hydroxylase enzyme
needed to convert 25-hydroxyvitamin D to its active form,
1,25-dihydroxyvitamin D. The serum parathyroid hor-
mone level is less than normal, which is an appropriate
response to the elevated serum calcium level.

Dehydraton might worsen hypercalcemia, but dehy-
dration alone would not explain this patient’s suppressed
serum parathyroid hormone (PTH) level.

The low serum PTH level argues against excessive
PTH release and thus excludes a parathyroid adenoma as
the cause of the hypercalcemia. In addition, primary hyper-
parathyroidism typically is associated with a low serum
phosphorus level, which makes hyperparathyroidism an
unlikely cause of this patient’s hypercalcemia.

Humoral hypercalcemia of malignancy results trom the
systemic effect of a circulating factor produced by neoplas-
tic cells. The hormone most commonly responsible for this
syndrome is PTH-related protein (PTHrP). This protein
shares significant homology with PTH. PTHrP has most,
if not all, of the metabolic effects of PTH, including ostco-
clast activation, increased renal tubular calcium reabsorp-
tion, and increased clearance of phosphorus by the kidneys.
Because tumors that produce PTHrP (squamous cell carci-
noma; lung, head, and neck cancer; lymphoma) do so in
small quantities, patients who have associated hypercal-
cemia at presentation usually have an extensive tumor bur-
den. Therefore, it is unusual for hypercalcemia to be the
presenting feature of cancer. Additionally, the patient’s
tuberculosis is a more likely cause of his hypercalcemia.

s Hypercalcemia can be caused by the production
of 1,25-dihydroxyvitamin D by granulomatous
disease.
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Item 6 Answer: E

Educational Objective: Diagnose Cushing syn-
drome as a secondary cause of diabetes.

Measurement of the 24-hour excretion of urine free corti-
sol is the most appropriate next test in this patient to
determine the cause of her diabetes mellitus. Various sec-
ondary causes of diabetes exist, most involving other
endocrinopathies, cffects of medications, pancreatic dis-
cases, or genetic conditions. Cushing syndrome is one of
these secondary causes of diabetes. The most common
cause of Cushing syndrome is corticosteroid therapy, fol-
lowed by the secretion of adrenocorticotropic hormone
(ACTH) by a pituitary adenoma (Cushing disease) and the
hyperfunctioning of an adrenocortical adenoma. In this

Answers and Critiques

patient, the combination of diabetes, hypertension, central
obesity, hypokalemia, proximal muscle weakness, and
edema strongly suggests the presence of Cushing syn-
drome. The diagnosis can be confirmed by several tests,
including measurement of 24-hour excretion of urine free
cortisol, an overnight dexamethasone suppression test, or a
midnight salivary cortisol measurement.

Adrenal CT is appropriate after Cushing syndrome is
diagnosed, especially when it is non-ACTH dependent, to
identify the type of adrenal condition responsible. This test
would be premature in this patient in whom the diagnosis
has not been confirmed.

Residual beta-cell function can be assessed by measur-
ing the C-peptide level, which is often high-normal in carly
type 2 diabetes because of insulin resistance. Similarly, mea-
suring the glutamic acid decarboxylase antibody titer is use-
ful to confirm the presence of autoimmune (type 1) dia-
betes when no other evidence exists. However, the
C-peptide level will not indicate the cause of diabetes in this
patient, and measuring the glutamic acid decarboxylase
level also is unlikely to be helpful because she does not have
type 1 diabetes.

Pancreatic imaging could be considered when signs
and symptoms (such as abdominal or back pain, jaundice,
or chronic diarrhea) suggest that an underlying pancreatic
disorder is the cause of diabetes. This patient has none of
these signs or symptoms, and thus a pancreatic MRI is
unlikely to be revealing.

e Cushing syndrome is a likely cause of diabetes
mellitus in a patient with hypertension, central
obesity, and hypokalemia.
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Item 7 Answer: A

Educational Objective: Evaluate
hyperprolactinemia.

A pregnancy test is the most appropriate next test in this
woman whose serum prolactin level has again increased.
Although she has a history of prolactinemia and associated
oligomenorrhea, it is important first to ensure that she is
not currently pregnant. Prolactin levels increase during
pregnancy. Therefore, an increasing prolactin level in a
woman of child-bearing age should not automatically be
interpreted as evidence of prolactinemia until pregnancy is
excluded as a cause.

Measurement of the growth hormone (GH) level is
not useful in the assessment of a woman with amenorrhea
or oligomenorrhea unless acromegaly is a possible diagno-
sis. Even in that setting, however, a random GH value is not
useful because of the pulsatile nature of GH secretion.
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Answers and Critiques

Clinical features of acromegaly include prognathism;
cnlargement of the nose, lips, and tongue; frontal bossing;,
dental malocclusion; increased spacing berween the teeth;
sleep apnea; enlargement of the hands and feet; arthritis of
the hips and knees; carpal tunnel syndrome; oily skin; and
skin tags. Prolactin is coproduced with GH in approxi-
mately 40% of patients with acromegaly. Some of these
patients also may have amenorrhea or galactorrhea. Other
than amenorrhea, this patient has no signs or symptoms of
acromegaly.

Measuring this patient’s serum cortisol level is unlikely
to be useful because she has no evidence of Cushing syn-
drome. Common symptoms of Cushing syndrome include
muscle weakness, ccchymosis, hypokalemia, unexplained
osteoporosis, new-onset hypertension, and diabetes melli-
tus but not hyperprolactinemia. However, menstrual irreg-
ularities are common in Cushing syndrome.

In patients with compression of the optic chiasm, the
most common symptom is diminished vision in the tem-
poral fields. Visual field testing is inappropriate unless a
finding suggests a pituitary tumor with evidence of com-
pression of the optic chiasm.

* In a woman with a modestly elevated serum
prolactin level, pregnancy must first be
excluded as a cause before a diagnosis of hyper-
prolactinemia is made.
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Item 8 Answer: D
Educational Objective: Treat Graves
ophthalmopathy.

This patient should undergo thyroidectomy. Clinically sig-
nificant ophthalmopathy occurs in approximately 5% to
10% of patients with Graves discase. Ophthalmopathy
severity varies from mild to severe and may involve lid
changes, proptosis or exophthalmos, and inflammatory eye
changes, such as chemosis, conjunctival injection, perior-
bital edema, or iritis. Extraocular muscle involvement can
result in double vision, whereas optic nerve compression
can result in reduced visual acuity and even blindness. The
precise pathophysiology of Graves ophthalmopathy is not
well understood. A primary management focus in Graves
ophthalmopathy is to establish a euthyroid state because
persistent hypothyroidism or hyperthyroidism exacerbates
discase activity. The medical treatment for ophthalmopathy
includes local measures followed by a trial of corticoster-
oids. In patients with Graves discase, thyroid surgery usu-
ally is reserved for those with a severe allergy or intolerance
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to iodine or antithyroid drugs, large or obstructive goiters,
or ophthalmopathy.

Oral iodine solution may decrease levels on thyroid
function testing for approximately 1 to 2 weeks in some
patients, but a patient such as this one who is not taking any
thiourea medication that blocks thyroid hormone synthesis
may have worsening hyperthyroidism, especially after the
initial 1 to 2 weeks.

The use of propylthiouracil also is not appropriate
because the patient already has had a severe adverse reaction
to methimazole, and the likelihood of a similar or worse
reaction to propylthiouracil is high.

Radioactive iodine treatment has been associated
with worsening of Graves ophthalmopathy, at least tran-
siently. Therefore, its use as treatment of hyperthy-
roidism in patients with severe Graves ophthalmopathy is
not recommended.

Attempts to modulate the immune response (with the
monoclonal antibody rituximab, for example) have had
mixed results and at present are still experimental.

* In patients with Graves ophthalmopathy, treat-
ment includes establishing normal thyroid
function, local measures, prednisone, and
thyroidectomy.
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Item 9 Answer: C

Educational Objective: Diagnose central adrenal
insufficiency.

This patient with a history of pulmonary sarcoidosis should
next have a pituitary MRI. She has symptoms highly sug-
gestive of adrenal insufficiency, hypothyroidism, and
hypogonadism. The biochemical findings suggest a central
cause of these disorders. Her partial response to cosyn-
tropin stimulation is consistent with partial loss of adreno-
corticotropic hormone (ACTH) secretion, or central
adrenal insufficiency. The hypothyroidism is also central in
origin because it is associated with an inappropriately nor-
mal serum thyroid-stimulating hormone level. The polyuria
and hypernatremia suggest the development of diabetes
insipidus in this patient. These abnormalities are most likely
caused by involvement of the hypothalamus and pituitary
stalk by sarcoidosis, which led to her biochemical pituitary
findings and to central diabetes insipidus, which caused her
hypernatremia. Other causes that should be considered are
a pituitary adenoma and any other sellar or parasellar mass.
A gadolinium-enhanced MRI of the pituitary gland should
be performed to exclude these causes and assess for evi-
dence of involvement of these structures with sarcoidosis.
However, definitive diagnosis requires biopsy evidence ofa



noncaseating granuloma in the involved areas. Hypotha-
lamic-pituitary involvement occurs in less than 10% of
patients with sarcoidosis and may be difficult to diagnose
because patchy involvement of the hypothalamus and pitu-
itary stalk may lead to various combinations of anterior and
posterior pituitary hormone deficiencies.

Adrenal CT is not indicated because the cause of the
adrenal insufficiency is clearly central ACTH deficiency and
not a primary adrenal discase.

In the absence of pulmonary symptoms, a lung biopsy
is not needed in this patient. Even if the lung biopsy were
positive, imaging is still necessary to address the concerns
raised about a possible anatomic abnormality in the sellar
region that would explain the loss of pituitary hormone
secretion.

Because the hypothyroidism is this patient is central in
origin, a thyroid scan measuring radioactive iodine uptake
is not indicated.

KEY POINT

e In a patient with symptoms and biochemical
findings highly suggestive of central adrenal
insufficiency, a pituitary MRI is appropriate
to exclude other possible causes, such as a
pituitary adenoma or any other sellar or perisel-
lar mass.
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Item 10 Answer: A

Educational Objective: Treat a woman with low
bone mass.

The most appropriate medication for this patient is alen-
dronate. She has osteopenia, and her major osteoporotic
fracture risk by the Fracture Risk Assessment Tool (FRAX)
is in a range for which the National Osteoporosis Founda-
tion (NOF) guidelines favor treatment with antiosteo-
porotic therapy. The NOF recommends antiosteoporotic
therapy for persons whose risk of major osteoporotic frac-
ture over the next 10 years is 20% or greater or whose risk
of hip fracture over the next 10 years is 3% or greater. Given
her current FRAX score and the expectation that she will
lose bone mass more rapidly after an aromatase inhibitor is
started, it is reasonable to initiate therapy with alendronate
now. Alendronate is approved for both osteoporosis pre-
vention and treatment by the FDA.

Denosumab, a monoclonal antibody that inhibits
osteoclast formation, is reserved for patients with a high risk
of fracture, including those with muldple risk factors for
fracture or a history of previous fractures. This patient does
not fulfill these criteria.

Estrogen is contradicted in this patient with a new
diagnosis of breast cancer.

Answers and Critiques

Raloxifene, a selective estrogen receptor modulator, is
also approved for osteoporosis prevention by the FDA.
However, vasomotor symptoms are highly associated with
its use, and it may not be well tolerated in a patient already
experiencing significant hor flushes.

Teriparatide, or recombinant human parathyroid hor-
mone (1-34), is an anabolic agent that increases bone den-
sity and decreases fracture risk. However, teriparatide car-
ries a “black box” warning because of an increased risk of
osteosarcoma and is contraindicated in this patient because
of her history of radiation therapy, which increases the risk
of osteosarcoma. Teriparatide is also contraindicated in per-
sons with malignancy involving bone, Paget discase, or
existing hyperparathyroidism or hypercalcemia.

e In a patient with osteopenia and a history of
radiation therapy, alendronate is the most
appropriate drug to use for osteoporosis
prevention.
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Item 11 Answer: D

Educational Objective: Differentiate type 1 from
type 2 diabetes mellitus.

This patient’s blood should be checked for pancreatic
autoantibodies, such as islet cell antibodies (ICAs) and glu-
tamic acid decarboxylase andbodies (GADAs). Although
she is obese and has a mother with type 2 diabetes mellitus,
she may actually have type 1 diabetes presenting at an ear-
lier stage of the discase process (when she still has signifi-
cant endogenous insulin secretion) because of her obesity
and insulin resistance. In young patients with probable dia-
betes, the distinction between type 1 and type 2 diabetes
should be made as soon as possible. IFTCAs and GADAs are
found in her blood, she has type 1 diabetes and should
begin receiving insulin immediately. Insulin treatment in
type 1 diabetes helps preserve endogenous insulin secretion
for a longer period of time, which makes it casier to achieve
excellent glycemic control without hypoglycemia. If testing
does not show these antibodies in her blood, she has type
2 diabetes and should be treated with lifestyle modifications
and, possibly, metformin.

Checking this patient’s plasma C-peptide level
(whether fasting or stimulated) or fasting plasma insulin
level will not help distinguish type 1 from type 2 diabetes.
A person who is obese and has hyperglycemia but no
ketonuria or acidosis is clearly making sufficient endoge-
nous insulin at the moment. Therefore, this patient’s
plasma C-peptide and insulin levels will both be high, no
matter what type of diabetes she has.
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Answers and Critiques

¢ In young patients with probable diabetes melli-
tus, the distinction between type 1 and type 2
diabetes should be made as soon as possible by
checking for the presence of pancreatic autoan-
tibodies, which indicate type 1 disease.
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Item 12 Answer: B
Educational Objective: Diagnose male infertility.

Semen analysis is the single best test to assess male inferdl-
ity. The patient should abstain from sexual activity for 48 to
72 hours to have an adequate sample. If semen analysis
results are abnormal, the test should be repeated.

Measurement of serum gonadotropin and testosterone
levels is not appropriate in the initial evaluation of infertl-
ity. If the semen analysis results are abnormal, then luteiniz-
ing hormone, follicle-stimulating hormone, and total
testosterone studies would be ordered to assess Leydig and
Sertoli cell function.

Testicular ultrasonography is not performed in the
evaluation of infertility unless an abnormality is detected on
testicular examination.

* Semen analysis is the single best test to assess
male infertility.
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Item 13 Answer: B
Educational Objective: Manage hypothyroidism
during pregnancy.

This patient’s levothyroxine dosage should be increased by
30% now, and the thyroid function tests should be repeated
in 2 to 4 weeks. Pregnancy is known to increase levothy-
roxine requirements in most patients receiving thyroid
replacement therapy, and this expected increase should be
anticipated by increasing her levothyroxine dosage. The
levothyroxine dosage is typically increased in the first (and
sometimes in the second) trimester of pregnancy, with a
possible total increase of 30% to 50%. During the first
trimester, the goal thyroid-stimulating hormone (TSH)
level is less than 2.5 microunits/mL (2.5 milliunits/L)
because first trimester serum TSH levels between approxi-
mately 0.1 and 2.5 microunits/mL (0.1-2.5 milliunits/L)
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are associated with fewer maternal and fetal complications.
In contrast, the upper range of normal for nonpregnant
patients is approximately 4.5 to 5.0 microunits/mL (4.5-
5.0 milliunits/L). In pregnant women with hypothy-
roidism, thyroid function testing should be frequent,
preferably every 4 weeks, to protect the health of mother
and fetus and to avoid pregnancy complications. When
serum TSH values are inappropriately elevated, the dosage
of levothyroxine is increased, and free thyroxine (T,) and
TSH levels are monitored every 2 to 4 weeks. The fetus is
largely dependent on transplacental transfer of maternal
thyroid hormones during the first 12 weceks of gestation.
The presence of maternal subclinical or overt hypothy-
roidism may be associated with subsequent fetal neurocog-
nitive impairment, increased risk of premature birth, low
birth weight, increased miscarriage rate, and even an
increased risk of fetal death.

Continuing the current levothyroxine dosage is inap-
propriate in this patient because her TSH level is already too
high (4.2 microunits/mL [4.2 milliunits/L]). TSH levels
generally should be 0.1 to 2.5 microunits/mL (0.1-2.5 mil-
liunits /L) in the first trimester, 0.2 to 3.0 microunits/mL
(0.2-3.0 milliunits/L) in the second, and 0.3 to 3.0
microunits/mL (0.3-3.0 milliunits /L) in the third.

* Early in pregnancy, levothyroxine requirements
are increased in most patients with hypothy-
roidism by 30% to 50%.
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Item 14 Answer: A

Educational Objective: Manage pituitary tumor
apoplexy.

This patient with pituitary tumor apoplexy should receive
glucocorticoids in addition to undergoing surgical removal
of his tumor. His history of fatgue, weight gain, and erec-
tile dysfunction and laboratory finding of hyponatremia
suggest panhypopituitarism, and his acute headache and
neck stiffness are consistent with hemorrhage. Pituitary
tumor apoplexy usually occurs in the setting of a preexist-
ing pituitary adenoma, and thus a neuroimaging scan was
appropriately obtained to confirm the diagnosis and show
the pituitary anatomy. He also has evidence of bitemporal
hemianopia caused by optic chiasmal compression by the
mass. The anticoagulant taken by this patient may have pre-
disposed him to hemorrhage.

Pituitary tumor apoplexy is generally a neurosurgical
emergency. On occasion, hemorrhagic infarction of a pitu-
itary adenoma may be less urgent, especially in the absence
of associated mass effects, and can be managed with con-
servative follow-up monitoring. In the setting of local



INT.

mass effects and severe headache, however, neurosurgical
decompression of the pituitary gland is necessary. Urgent

* glucocorticoid administration is often required because of

acute adrenocorticotropic hormone deficiency. The leading
cause of mortality with pituitary tumor apoplexy is adrenal
insufficiency.

An insulin tolerance test usually is performed to rule
out both adrenal insufficiency and growth hormone defi-
ciency, and a serum prolactin level typically is obtained after
a diagnosis of pituitary adenoma is made to exclude pro-
lactinoma. Because this patient’s disorder is a neurosurgical
emergency, these tests are inappropriate before the
apoplexy is addressed.

A lumbar puncture is useful in patients with suspected
meningitis or in whom subarachnoid hemorrhage is sus-
pected despite a negative imaging study. However, the
imaging study already provides an explanation for the stiff
neck and headache, and a lumbar puncture is not only inap-
propriate but contraindicated in a patient with pituitary
tumor apoplexy.

KEY POINT

¢ In addition to neurosurgical decompression of
the pituitary gland, urgent glucocorticoid
administration is often necessary in patients
with pituitary tumor apoplexy because of acute
adrenocorticotropic hormone deficiency.
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Item 15 Answer: D
Educational Objective: Treat hypercalcemia.

This patient should be hydrated with normal (0.9%)
saline as the next step in her treatment. She has severe
symptomatic hypercalcemia in the setting of advanced
metastatic breast cancer. The history of polyuria and poly-
dipsia and the physical examination findings of tachycar-
dia and dry mucous membranes suggest significant dehy-
dration, which is confirmed by the elevated blood urea
nitrogen and creatinine levels. High calcium levels impair
the ability of the nephron to concentrate urine, which
results in inappropriate water loss from the kidney. There-
fore, the most appropriate next step in this patient’s treat-
ment is to restore cuvolemia and begin to lower the serum
calcium level by saline diuresis. Normalization of intravas-
cular volume with saline will improve delivery of calcium
to the renal tubule and aid in excretion of calcium. As the
kidneys excrete excess sodium from the saline, excretion
of calcium will follow.

Hypercalcemia of malignancy may be due to local oste-
olytic hypercalcemia or to humoral hypercalcemia of malig-
nancy, in which a tumor that does not involve the skeleton
secretes a circulating factor that activates bone resorption.

Answers and Critiques

In this patient, the liver metastases are likely secreting
parathyroid hormone-related protein. Control of the
tumor with chemotherapy may help the patient’s hypercal-
cemia in the long-run.

Bisphosphonate therapy may be needed if the patient
remains hypercalcemic after rehydration, and intravenous
furosemide may be appropriate after the patient is ade-
quately hydrated to maintain euvolemia. Glucocorticoid
therapy could be considered if bisphosphonate treatment
does not adequately lower the serum calcium level. How-
ever, none of these treatments should be attempted before
the patient is rehydrated with normal saline.

KEY POINT

¢ In patients with acute hypercalcemia, normal-
ization of intravascular volume with saline will
improve delivery of calcium to the renal tubule
and aid in excretion of calcium.
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Item 16 Answer: D

Educational Objective: Diagnose
hyperaldosteronism.

This patient should have her serum aldosterone to plasma
renin activity ratio determined. She has biochemical fea-
tures indicative of excessive mineralocorticoid secretion.
Although several potential mineralocorticoids could be
responsible for her symptroms, excessive aldosterone is the
most likely cause. Hypertension and hypokalemia are two
of the main manifestations of primary hyperaldosteron-
ism. Increases in other mineralocorticoids are seen with
unusually excessive cortisol secretion (Cushing syn-
drome), in which the mineralocorticoid activity of corti-
sol becomes prominent, and in congenital adrenal hyper-
plasia due to an enzyme deficiency. This patient’s normal
findings (except for blood pressure) on physical examina-
tion make the first possibility unlikely, and her less than 2-
year history of hypertension makes a congenital enzyme
deficiency also unlikely. The best screening test for hyper-
aldosteronism is the determination of the ratio of serum
aldosterone to plasma renin activity. The expected find-
ings include an elevated serum aldosterone level and sup-
pressed plasma renin activity. Screening tests can be per-
formed on random blood samples, even in patients taking
antihypertensive medications (except the aldosterone
receptor antagonists spironolactone and eplerenone).
Confirmation of the biochemical diagnosis involves show-
ing persistent elevation (poor suppressibility) of serum
aldosterone in response to a high salt load.

Imaging studies are inappropriate before a clear bio-
chemical diagnosis is established. Therefore, CT of the
abdomen is premature at this time.
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Answers and Critiques

This patient did not exhibit any signs or symptoms that
would warrant investigating the possibility of Cushing syn-
drome. Therefore, neither a dexamethasone suppression
test nor a 24-hour measurement of urine free cortisol excre-
tion is likely to be useful.

Nothing in the patient’s history or clinical examination
findings suggests the possibility of pheochromocytoma.
Therefore, measurement of the plasma catecholamine lev-
els is inappropriate as the next diagnostic test.

® The best screening test for hyperaldosteronism
is the determination of the ratio of serum
aldosterone to plasma renin activity.
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Item 17 Answer: A

Educational Objective: Diagnose humoral hyper-
calcemia of malignancy.

This patient has severe hypercalcemia in the setting of a lung
mass. This scenario is highly suggestive of humoral hypercal-
cemia of malignancy (HHM), which results from tumor pro-
duction of a circulating factor, parathyroid hormone
(PTH)-related protein (PTHrP), that acts on skeletal cal-
cium release, calcium handling by the kidney, and intestinal
calcium absorption. Tumors that cause HHM by sccreting
PTHrP are typically squamous cell carcinomas (often of the
lung). Rarely, this disorder can be caused by unregulated pro-
duction of 1,25-dihydroxyvitamin D (as in B-cell lym-
phomas) or other mediators that interfere with calcium
homeostasis. Although PTHrP assays are now available com-
mercially, results may not be available for up to 10 days.
Because endogenous PTH secretion is suppressed in the set-
ting of hypercalcemia, a low PTH level provides indirect but
strong evidence of the nature of this patient’s hypercalcemia.
Because HHM results in a fairly rapid rise in the serum cal-
cium level, patients tend to be more symptomatic than
patients with hypercalcemia from other, more chronic causes.

Primary hyperparathyroidism is the most common
cause of hypercalcemia in the outpatient setting and typi-
cally presents ar an asymptomatic stage. This disorder is
usually due to a benign parathyroid adenoma and not to a
lung mass.

Hypercalcemia is frequently associated with sarcoidosis,
with 30% to 50% of patients with the discase demonstrating
some degree of abnormal calcium metabolism. However, this
patient has no history or physical examination findings sug-
gestive of sarcoidosis, and her lung mass would be an atypi-
cal manifestation of primary pulmonary sarcoidosis.

The patient takes a daily multivitamin and calcium sup-
plement in over-the-counter dosages. The recommended
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daily allowance of vitamin D is 600 units. Although the point
at which toxicity occurs is not clear, the Institute of Medi-
cine’s recommended tolerable intake of vitamin D is 4000
units daily, although substantially greater amounts are usually
needed for clinically significant hypervitaminosis to oceur. It
is unlikely that the amount of vitamin D in her daily multivi-
tamin is enough to cause acute toxicity and hypercalcemia.

* Humoral hypercalcemia of malignancy results
from tumor production of a circulating factor
(parathyroid hormone-related protein
[PTHrP]) that acts on skeletal calcium release,
calcium handling by the kidney, or intestinal
calcium absorption and often involves squa-
mous cell carcinomas of the lung.
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Item 18 Answer: C

Educational Objective: Diagnose the cause of
gynecomastia.

An estradiol level should be obtained in this patient.
Gynecomastia, or the abnormal growth of large mammary
glands in men causing breast enlargement, results from an
imbalance in the testosterone-to-estrogen ratio in men.
This imbalance can be due to either a low testosterone level
oran elevated estradiol level. Because the total testosterone
level is normal in this paticnt, an estradiol level must be
obtained to check for any elevation.

Adrenal CT is inappropriate in the evaluation of
gynecomastia unless the estradiol level is clevated. If the
estradiol level is elevated, testicular ultrasonography  still
should be ordered before adrenal CT to exclude a testicu-
lar neoplasm. If the testicular ultrasound shows no neo-
plasms, then an adrenal CT scan should be ordered to
exclude an adrenal neoplasm.

In the evaluation of gynecomastia, breast ultrasonog-
raphy should be obrained only if uncertainty exists about
whether the patient has gynecomastia or lipomastia or if
malignancy is a concern (for example, with an asymmetric
growth, a breast mass, or unilateral disease). Because these
possibilities do not pertain to this patient, breast ultra-
sonography is not necessary.

A karyotype is not appropriate in this patient. He has
normal luteinizing hormone (LH) and testosterone levels.
If his LH level were elevated and his testosterone level were
decreased, then a karyotype would be indicated to exclude
Klinefelter syndrome as a cause of the gynecomastia and
hypogonadism.

Testicular ultrasonography is only ordered when the
serum estradiol level is clevated to exclude a testicular neo-
plasm. If the testicular ultrasound is normal, then chest CT



might be indicated to exclude a B-human chorionic
gonadotropin-secreting mediastinal tumor, which is a rare
tumor.

 Gynecomastia results from an imbalance in the
testosterone-to-estrogen ratio in men.
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Item 19 Answer: B

Educational Objective: Treat hypoglycemic
unawareness.

This patient’s dosages of both long-acting and rapid-acting
insulin should be decreased by approximately 20%. Hypo-
glycemia is the major rate-limiting factor in attempting
tight glycemic control, especially in patients with type 1 dia-
betes mellitus. For 48 to 72 hours after a severe episode of
hypoglycemia, the body’s ability to mount an adrenergic
response is blunted, as is the strength of the counterregu-
latory response. This increases the likelihood of a second
severe episode of hypoglycemia that will not be casily rec-
ognized (hypoglycemic unawareness), and thus a vicious
cycle develops. The best treatment is to reduce the dosage
of insulin and scrupulously monitor the blood glucose level
for 1 week so that it does not become less than 100 mg/dL
(5.6 mmol/L). This intervention allows the brain to reset
its adrenergic responscs.

Increasing her carbohydrate intake at meals is inap-
propriate because of her currently healthy diet, her antici-
pated pregnancy, and the potential for weight gain.

Although o-lipoic acid has shown some efficacy in
management of painful diabetic neuropathy, it would have
no effect on her hypoglycemic unawareness.

A preprandial injection of pramlintide, a synthetic
long-acting analogue of the hormone amylin, is sometimes
used in the management of type 1 diabetes to slow down
stomach emptying, suppress glucagon secretion, and pro-
mote saticty. In this patent, however, pramlintide might
actually increase the risk of hypoglycemia.

Switching from insulin glargine to insulin detemir
without reducing the dose of insulin is unlikely to be help-
ful in stopping or reducing this patient’s hypoglycemic
episodes.

KEY POINT

e Hypoglycemia is the major rate-limiting factor
in attempting tight glycemic control, especially
in patients with type 1 diabetes mellitus.
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Answers and Critiques

Item 20 Answer: A

Educational Objective: Evaluate thyroid nodules
with fine-needle aspiration biopsy.

This patient should have a fine-needle aspiration (FNA)
biopsy of the thyroid nodule. Most thyroid nodules are
benign; only approximately 5% to 15% are malignant. An
ENA biopsy is the most accurate method to determine
whether a nodule is benign or malignant. ENA biopsy is an
outpatient procedure that allows cytologic categorization
of the cells within a nodule as benign, suspicious for malig-
nancy, follicular neoplasm, or papillary thyroid cancer. FNA
biopsy is also the most sensitive and specific method to help
diagnose the cause of a thyroid nodule,

Because thyroid nodules are extremely common, with
an estimated 30% to 50% of healthy persons likely to have
a thyroid nodule on thyroid ultrasound, guidelines have
been developed by the American Thyroid Association to
maximize the effectiveness of thyroid FNA biopsy in diag-
nosing malignancy in a cost-eftective manner. These guide-
lines take into account personal history and risk factors,
family history, and ultrasound characteristics of the nodule
to help predict the likelihood of malignancy and the need
for thyroid FNA biopsy. The recommended nodule size
threshold for performing a thyroid FNA biopsy is at least 5
mm in a patient at high risk of thyroid cancer who also has
worrisome sonographic characteristics. This patient has a
first-degree reladve with papillary thyroid cancer. In addi-
tion, the thyroid Doppler ultrasound showed a hypoechoic
nodule with microcalcifications, blurred nodule margins,
and increased central vascularity.

Close monitoring with repeat thyroid ultrasonography
in 3 or 6 months is inappropriate management in this patient
with significant risk factors and suspicious features on the cur-
rent ultrasound that should prompt an FNA biopsy.

Thyroid lobectomy is generally appropriate treatment
for cancerous thyroid nodules that are less than 1 ¢m in
diameter but is premature in this patient in whom a diag-
nosis of malignancy has not been established.

MRI has limited utility in evaluating thyroid nodules.
Generally less helpful than Doppler ultrasonography in
characterizing intrathyroid nodules, MRI may be helpful in
detecting local extension of thyroid malignancies or spread
into the mediastinum or retro-thyroid regions, if suspected.

KEY POINT

e A fine-needle aspiration biopsy is the most
accurate way to determine if a thyroid nodule is
benign or malignant.
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Answers and Critiques

Item 21 Answer: D

Educational Objective: Diagnose growth hor-
mone deficiency.

This patient should have his insulin-like growth factor 1
(IGF-1) level measured because he is at risk for growth hor-
mone (GH) deficiency. Up to 40% of patients with a history
of traumatic brain injury, particularly when severe, are
found subsequently to have hypopituitarism. The most
common anterior pituitary hormone disorder after trau-
matic brain injury is GH deficiency. Acquired GH defi-
ciency in adults is characterized by a change in body com-
position (increase in central adiposity and reduction in lean
skeletal muscle mass), reduction in quality of life, and
decrease in bone mineral density. Increased cardiovascular
risk also may be present. This patient has had progressive
reduction in lean body mass, an increase in central adipos-
ity, and progressive deterioration in his daily performance
and quality of life, all of which suggest GH deficiency. In
such patients, administration of GH replacement therapy
may lead to an increase in muscle mass and quality of life
and a reduction in central obesity.

The initial screening test for GH deficiency is measure-
ment of the IGF-1 level. If the IGF-1 value is low, then fur-
ther testing with a stimulation test to measure GH reserve
should be performed to confirm a diagnosis of GH deficiency.

Measurement of the patient’s fasting GH level is
unlikely to be uscful because GH levels are pulsatile and
undetectable for much of the day in most patients. There-
fore, this test is unlikely to detect GH deficiency.

A glucose tolerance test will not be usetul in this
patient. The nonsuppressibility of GH during a glucose tol-
crance test is used to diagnose GH excess in acromegaly,
not GH deficiency.

A gonadotropin-releasing hormone test is used to
assess luteinizing hormone and follicle-stimulating hor-
mone reserves in the setting of hypogonadotropic hypog-
onadism. Although this patient has some of the symptoms
of male hypogonadism (fatigue and loss of muscle
strength), he does not have the anemia, poor libido, or
erectile dystunction commonly associated with the disorder.
More importantly, his 8 AM serum testosterone measure-
ment excludes the diagnosis of hypogonadism, which
makes a gonadotropin-releasing hormone test unnecessary.

* The most common anterior pituitary hormone
disorder after traumatic brain injury is growth
hormone deficiency, which can be suggested by
a decreased serum insulin-like growth factor 1
level and is confirmed by a stimulation test
measuring GH reserve.
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Item 22 Answer: B

Educational Objective: Diagnose vitamin D
deficiency.

This patient’s serum 25-hydroxyvitamin D level should be
measured. Results of her recent bone mineral density screen-
ing showed osteoporosis of the hip, and laboratory studies
showed a high parathyroid hormone (PTH) level in the set-
ting of low serum calcium and phosphorus levels. These find-
ings collectively suggest secondary hyperparathyroidism. In
this patient with normal kidney function, secondary hyper-
parathyroidism is likely due to vitamin D deficiency, a com-
mon problem in older adults. Therefore, screening her for
vitamin D deficiency by measuring the 25-hydroxyvitamin D
level would be the most appropriate next step.

A measurement of the 25-hydroxyvitamin D level is
more informative in most patients with hypocalcemia than
a measurement of the 1,25-dihydroxyvitamin D level
because vitamin D deficiency causes hypocalcemia and
stimulates PTH secretion, which in turn stimulates conver-
sion of 25-hydroxyvitamin D to 1,25-dihydroxyvitamin D
in the kidneys. Therefore, this patient’s serum 1,25-dihy-
droxyvitamin D level may be normal in the setting of vita-
min D deficiency and is not useful to check in this setting.

Parathyroidectomy also would be inappropriate in this
patient because the elevation in the PTH level is an appro-
priate physiologic response to the low calcium (and pre-
sumed low vitamin D) level.

Repeat dual-energy x-ray absorptiometry testing in 1
year should not be recommended because this patient
alrecady has indications for medical management of her
osteoporosis after the high PTH and low calcium levels
have been evaluated and treated.

¢ Measurement of the serum 25-hydroxyvitamin
D level is an appropriate initial step in the eval-
uation of hypocalcemia, an elevated parathyroid
hormone level, and osteoporosis.
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Item 23 Answer: C

Educational Objective: Treat stage III thyroid
cancer with radioactive iodine therapy.

The patient should receive radioactive iodine therapy. She
has stage IIT thyroid cancer because her excised malignant
thyroid nodule is greater than 4 cm with cervical lymph



node involvement (T3N1MX). The American Thyroid
Association Guidelines indicate that a patient older than 45
years who has had a total thyroidectomy for a papillary thy-
roid cancer greater than 4 ¢cm should receive radioactive
iodine ('311) because this treatment will decrease the risk of
recurrence and death. Decreasing the risk of recurrence is
critical because relapsing disease develops in approximately
12% of patients who have no evidence of disease after pri-
mary therapy.

Tumors that are not treatable with the combination of
surgery, levothyroxine therapy, and repeat doses of '3'T are
treated with external-beam radiation therapy or chemo-
therapy (with traditional cytotoxic drugs, such as doxoru-
bicin), but the response to these therapies is poor. This
patient has not failed to benefit from first-line therapy, and
thus treatment with external-beam radiation or chemo-
therapy is not yet indicated.

Observation is inadequate postsurgical therapy in this
patient who underwent removal of a papillary thyroid can-
cer greater than 4 cm and a malignant lymph node.
Radioactive iodine therapy is needed to decrease the pro-
gression of local disease and potentially increase survival in
this patient with stage III disease.

KEY POINT

e Large papillary thyroid cancer (>4 cm) is
treated with thyroidectomy and then with
radioactive iodine to decrease the risk of recur-
rence and death.
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Item 24 Answer: C

Educational Objective: Diagnose type 2 diabetes
mellitus.

This patient is at high risk for diabetes mellitus and should
have his hemoglobin A, _value remeasured. He has a fam-
ily history of type 2 diabetes and coronary artery discasc,
is obese, and has hypertension. According to the Ameri-
can Diabetes Association, in the absence of unequivocal
symptomatic hyperglycemia, the diagnosis of diabetes
must be confirmed on a subsequent day by repeating the
same test suggestive of diabetes (in this patient, the
hemoglobin A, measurement). If results of two different
diagnostic tests are available and both are diagnostic for
diabetes, additional testing is not needed. Although this
patient’s hemoglobin A, value is diagnostic of diabetes,
his fasting serum glucose level is only in the range of impaired
fasting glucose. Because this patient had two different tests

Answers and Critiques

with discordant results, the test that is diagnostic of diabetes
(the hemoglobin A, measurement) should be repeated to
confirm the diagnosis.

In this patient without any hyperglycemic symptoms,
remeasuring his hemoglobin A, _level is a much simpler and
less burdensome way of confirming the diagnosis of dia-
betes than performing an oral glucose tolerance test.

Because results of measurement of the hemoglobin A,
value and fasting plasma glucose level were discordant, not
performing any additional testing is inappropriate.

KEY POINT

» If results of two different diagnostic tests for
diabetes mellitus are discordant, the test that is
diagnostic of diabetes should be repeated.
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Item 25 Answer: D

Educational Objective: Manage adrenal
insufficiency.

This patient should be treated with oral hydrocortisone.
She has clinical and biochemical features of glucocorticoid
deficiency 2 weceks after discontinuing megestrol, which she
used continuously for 1 year. Megestrol is a progestational
agent with strong glucocorticoid activity that is commonly
used in patients with anorexia of different causes because it
is a potent appetite stimulant. Because of this potent glu-
cocorticoid activity, chronic use of megestrol (and other
agents with similar activity) leads to suppression of the
hypothalamic-pituitary-adrenal axis. With the suppression
of the axis, a sudden discontinuation of the drug leads to
symptoms and signs of adrenal insufficiency. This patient’s
physical examination findings of a plethoric rounded face
and central obesity with supraclavicular and posterior cer-
vical fat pads are consistent with prolonged exposure to
exogenous agents with glucocorticoid activity, as are her
low serum cortisol and plasma adrenocorticotropic hor-
mone levels. Treatment with hydrocortisone for several
weeks is necessary to reactivate the axis. The advantages of
hydrocortisone are that it is identical to the natural prod-
uct, has a short half life, and can be tightly titrated casily.

Because adrenal insufficiency that is central in origin
indicates a cause other than intrinsic adrenal disease, obrain-
ing a CT scan of the adrenal glands is unwarranted in this
patient.

The dexamethasone suppression test is helpful when
investigating conditions associated with hypercortisolemia,
such as Cushing syndrome. In this patient with a low serum
cortisol level and symptomatic adrenal insufficiency, the
dexamethasone suppression test is of no value.
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Answers and Critiques

Because the patient has central adrenal insufficiency,
mineralocorticoid secretion by the adrenal glands is main-
tained and fludrocortisone therapy is unnecessary.

KEY POINT

* Chronic use of megestrol and similar drugs
with strong glucocorticoid activity leads to sup-
pression of the hypothalamic-pituitary-adrenal
axis, and sudden discontinuation of these drugs
can result in symptoms and signs of adrenal
insufficiency.
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Item 26 Answer: A

Educational Objective: Diagnose the cause of
secondary hypogonadism.

This patient should have iron saturation studies to deter-
mine a possible cause of his central hypogonadism, which
is indicated by the low serum testosterone, follicle-stimu-
lating hormone, and luteinizing hormone levels. The eval-
uation of secondary hypogonadism includes the exclusion
of hyperprolactinemia and hemochromatosis as possible
causes. This patient’s serum prolactin level is normal, but
hemochromatosis has not yet been excluded as a cause. His
history of osteoarthritis is consistent with a diagnosis of
hemochromatosis, as is his slightly elevated alanine amino-
transferase level.

Mecasuring the free testosterone level is not appro-
priate because this patient does not have any history or
physical examination findings suggestive of abnormal
sex hormone-binding globulin levels, such as obesity,
insulin resistance (for example, type 2 diabetes mellitus),
or older age. If he had any of these findings, his tortal
scrum testosterone levels would be suspect, and the
amount of free testosterone would be a better indicator
of hypogonadism.

Karyotyping and testicular ultrasonography are not
useful tests in the evaluation of secondary hypogonadism.
A karyotype is useful in patients with primary hypogo-
nadism and increased gonadotropin levels to exclude Kline-
felter syndrome.

KEY POINT

¢ The evaluation of secondary hypogonadism
includes the exclusion of hyperprolactinemia
and hemochromatosis as possible causes.
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Item 27 Answer: C

Educational Objective: Adjust hydrocortisone
therapy during a minor illness.

This woman should increase her dose of hydrocortisone
approximately threefold for 3 days. This patient with
Addison discase (primary adrenal insufficiency) has an
upper respiratory tract infection. She has continued to take
adequate amounts of fluids and her medications as sched-
uled. Except for findings related to an upper respiratory
tract infection, vital signs and other physical examination
findings are normal. What she has not done is adjust her
hydrocortisone dose during her intercurrent illness. This
step in necessary to minimize the possibility of adrenal cri-
sis. Educating patients about the need to adjust (increase)
their dose of hydrocortisone with even minor intercurrent
illnesses is crucial in the successful management of adrenal
insufficiency.

Because this patient is not hypotensive and is able to
take fluids and her medications orally, hospitalization for
intravenous administration of fluids and glucocorticoids is
unnecessary.

In padents with adrenal insufficiency, fludrocortisone
is typically given as mineralocorticoid therapy. The addi-
tional glucocorticoid (hydrocortisone) therapy that this
patient requires because of her intercurrent illness also will
result in additional mineralocorticoid activity. Therefore,
adjusting mineralocorticoid dosages during intercurrent
medical illnesses is unnecessary.

Symptomatic treatment of her upper respiratory tract
infection without adjustment of her hydrocortisone dosage
is inappropriate and likely to lead to prolongation and wors-
ening of her symptoms of adrenal insufficiency

® Adjusting (increasing) the dosage of hydrocor-
tisone with even minor intercurrent illnesses is
crucial to avoid adrenal crisis in patients with
adrenal insufficiency.
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Item 28 Answer: B

Educational Objective: Diagnose a thyroid-stim-
ulating hormone-secreting pituitary tumor.

This patient should have a pituitary MRI. He has symp-
toms, clinical examination findings, and laboratory study
results that are consistent with hyperthyroidism. The ele-
vated radioactive iodine (123T) uptake excludes subacute or
silent thyroiditis. However, he also has a detectable serum
thyroid-stimulating hormone (TSH) level. The serum TSH
level is typically undetectable (<0.01 microunits/mL [0.01
milliunits /L]) in all patients with thyrotoxicosis due to



Graves disease, a toxic multinodular goiter, or a solitary
autonomous thyroid nodule. Thyrotoxicosis with an inap-
propriately elevated TSH level may be associated with a
TSH-secreting pituitary tumor, antibodies that interfere in
the serum TSH assay, or laboratory error. The latter two
causes, however, are not associated with the clinical and
biochemical evidence of hyperthyroidism seen in this
patient, Thercfore, the most likely diagnosis in this patient
is a TSH-secreting pituitary tumor. These tumors secrete
TSH that stimulates the thyroid gland to secondarily release
thyroxine (T,) and triiodothyronine (T;). The serum TSH
level in patients with a TSH-secreting pituitary tumor may
be detectable (inappropriately normal, detectable, or even
clevated) in the setting of elevated T, and T levels. The
diagnosis should be confirmed with a pituitary MRI, and a
full evaluation of pituitary function should be performed
because other pituitary hormones may be secreted in excess
or be deficient. The primary therapy is neurosurgical resec-
tion of the tumor.

For residual disease after surgery, medical therapy with
a somatostatin analogue is highly effective in lowering the
TSH level and controlling hyperthyroidism in as many as
80% of patients with TSH-secreting tumors. However,
radioactive iodine, methimazole, and propylthiouracil have
no role.

Because the tumor involves the pituitary gland and
not the thyroid gland, thyroidectomy is inappropriate
management.

KEY POINT

* A pituitary MRI can confirm the presence of a
thyroid-stimulating hormone-secreting pitu-
itary tumor.
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Item 29 Answer: B

Educational Objective: Treat pheochromocytoma
with o-blocker therapy.

This patient should receive a-blocker therapy as initial treat-
ment of his condition. He has classic clinical features of a
pheochromocytoma (hypertension, palpitations, sweating,
and headaches). The diagnosis is confirmed biochemically by
the extreme elevation in plasma meranephrine and nor-
metanephrine levels and 24-hour excretion of urine cate-
cholamines (norepinephrine and epinephrine) and their
metabolites (metanephrine, normetanephrine, and vanil-
lylmandelic acid). Anatomically, these findings are associ-
ated with an adrenal mass. Although eventual laparoscopic

Answers and Critiques

surgical resection of the tumor is necessary, intraoperative
and postoperative morbidities should first be minimized by
controlling blood pressure and providing adequate o-block-
ade with preoperative medical therapy. Most patients with a
pheochromocytoma previously were treated with the long-
acting competitive @-adrenergic blocking agent phenoxy-
benzamine for several weeks before surgery, but this drug
contributed to the hypotension commonly observed during
the first day after tumor removal. More recent data show the
effectiveness of short-acting specific o-antagonists, such as
prazosin, doxazosin, or terazosin, without this adverse effect.

This patient most likely has a pheochromocytoma and is
currently being treated with an ACE inhibitor. Adding an
angiotensin receptor blocker to his antihypertensive regimen
offers no additional therapeutic benefit over that achieved by
ACE inhibition because it will not address the pathophysio-
logic basis of this secondary form of hypertension.

B-Blockers should never be used in patients with sus-
pected or confirmed pheochromocytomas until after they
are first treated with o-blockers.

Surgery is the definitive treatment for patients with a
pheochromocytoma but should not be performed before
therapy with a-blockers.

Although this patient currently seems stable, treatment
of this type of tumor cannot be delayed indefinitely because
patients can have provoked or unprovoked sudden cardiac
episodes that can be fatal. Observation is thus inappropri-
ate as initial treatment.

KEY POINT

e In patients with a biochemically confirmed
diagnosis of pheochromocytoma, o-blockade
should be instituted before surgery.
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Item 30 Answer: C

Educational Objective: Diagnose Paget disease of
bone.

Plain radiographs of the arcas showing increased activity on
the bone scan should be obtained in this patient. The
increased activity may represent Paget disease of bone
(osteitis deformans), a focal abnormality of bone metabo-
lism leading ro an accelerated rate of bone remodeling that
results in disorganized bone matrix and compromise of
bone integrity. The diagnosis of Pager discase of bone is
best confirmed by plain radiographs of the areas of
increased uptake seen on bone scan. Pagetic lesions will
show characteristic coarsened bony trabeculae, which are
pathognomonic for the discase.

Paget disease of bone may cause a range of clinical
symptoms, including bone pain, traumatic and pathologic
fractures, skeletal deformities, and cranial nerve impairment
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Answers and Critiques

due to nerve impingement because of bony overgrowth.
Hearing loss related to impairment of cranial nerve VIII is
common in Paget discase of bone. Audiology testing to
document the patient’s baseline hearing status for compar-
ison with future studies should be performed after the diag-
nosis of Paget disease of bone is confirmed, but not before.

Also part of the differential diagnosis of the bony lesions
scen on bone scan is metastatic disease, particularly in an
older patient. If plain radiographs do not confirm a diagno-
sis of Paget disease of bone or show findings consistent with
metastatic disease, a bone biopsy can be considered.

Serum collagen type 1 cross-linked C-telopeptide
(CTX) measurement may be helptul in monitoring the
response of Paget discase to therapy but would not distin-
guish Paget discase from metastatic lesions.

Serum protein electrophoresis would help diagnose
multiple mycloma but would not help distinguish Paget
disease from metastases, which is the appropriate goal of the
next step in this patient’s evaluation.

e Plain radiographs of pagetic lesions will show
characteristic coarsened bony trabeculae,
which will confirm the diagnosis of Paget dis-
case of bone.
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Item 31 Answer: B
Educational Objective: Identify nocturnal
hypoglycemia.

This patient’s symptoms are most likely caused by noc-
turnal hypoglycemia. Her hemoglobin A, value is lower
than what her blood glucose log averages suggest. Fre-
quent episodes of significant hypoglycemia for several
hours each night would explain this discrepancy. The
70/30 insulin she takes twice daily gives a single large
peak 6 to 8 hours after taking it. This patient exercises
every evening, which means that her muscles will con-
tinue to remove glucose from her blood to replenish their
glycogen stores for several hours afterward. This occur-
rence could cause her blood glucose to decrease to very
low levels while she sleeps. Given the duration of her dia-
betes mellitus, the appropriate adrenergic counterregula-
tory response may be adequately blunted to not cause her
to awaken from sleep but can lead to fatigue, sweating,
and headache when she awakens.

The dawn phenomenon is defined as an elevation in
blood glucose levels during the early morning hours (4 am-
8 AM) that is thought to be related to the increased physi-
ologic release of cortisol and growth hormone that occur
during this ime period. The dawn phenomenon is typically
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identified by persistent significant clevations of morning
blood glucose levels, which were not seen in this patient.

Although sleep apnea may be a cause of fatigue and
carly morning headache, it is more often seen in obese
patients with type 2 diabetes who have an associated high
hemoglobin A, _value.

The “Somogyi phenomenon™ is a phrase used to
describe the theoretical concept that the lower the blood glu-
cose level decreases during the night, the higher it increases
the next morning because of increasingly severe rebound
hyperglycemia. This idea, however attractive on a theoretical
level, has been disproven as a cause of fasting hyperglycemia.

* Frequent nocturnal hypoglycemia may cause
morning fatigue, sweating, and headache in
patients with type 1 diabetes mellitus.
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Item 32 Answer: C

Educational Objective: Diagnose multiple
endocrine neoplasia type 1.

This patient most likely has multiple endocrine neoplasia
type 1 (MENL1), which is characterized by tumors of the
pituitary gland, the parathyroid glands, and the pancreas
(the three “P”s). She has hyperprolactinemia and a pituitary
adenoma, the size of which (<1 ¢m) suggests a micropro-
lactinoma. Additionally, she has primary hyperparathy-
roidism and a family history that suggests the presence of
MENI in her kindred. Her father’s history of kidney
stones suggests that he also has hyperparathyroidism as a
result of MEN1, and her brother’s history of peptic ulcer
disease suggests the presence of a gastrin-secreting pancre-
atic neuroendocrine tumor in the setting of MENI1. In
MENI, primary hyperparathyroidism most often reflects
parathyroid hyperplasia rather than an adenoma. The muta-
tion in the menin gene was most likely inherited in an auto-
somal dominant fashion in this family.

Autoimmune polyglandular syndrome type 1 is an inher-
ited autosomal recessive disorder characterized by chronic
mucocutaneous candidiasis, autoimmune hypoparathy-
roidism, and adrenal insufficiency. This patient has hyper-
parathyroidism, not hypoparathyroidism, and thus is unlikely
to have autoimmune polyglandular syndrome type 1.

This padent’s thyroid-stimulating hormone level is
normal, which makes the diagnosis of Hashimoto thyroidi-
tis unlikely.

MEN2 is characterized by primary parathyroid
hyperplasia, pheochromocytoma, and medullary thyroid
cancer. Although this patient has evidence of primary



hyperparathyroidism, she does not have a consistent fam-
ily history or clinical symptoms or signs of the other com-
ponents of the genetic abnormality suggestive of this
diagnosis.

KEY POINT

e Multiple endocrine neoplasia type 1 is charac-
terized by tumors of the pituitary gland, the
parathyroid glands, and the pancreas (the
three “P”s).
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Item 33

Educational Objective: Diagnose hypogonadism
in patients with obesity.

Answer: A

A free testosterone assessment, preferably one using equi-
librium dialysis, is the most appropriate diagnostic test to
determine whether this patient truly has hypogonadism.
A random serum testosterone level greater than 350
ng/dL (12 nmol/L) excludes hypogonadism. Values
consistently less than 200 ng/dL (6.9 nmol/L) almost
always confirm hypogonadism, but values in the 200 to
350 ng/dL (6.9-12 nmol /L) range are equivocal. Unless
the total testosterone level is markedly reduced and the
patient has a known pituitary or gonadal pathologic
abnormality, a screening testosterone value of 350 ng/dL
(12 nmol /L) or lower requires confirmation by a second
measurement that includes determination of the free
testosterone level. Of note, obesity can cause a decrease in
sex hormone-binding globulin levels. Therefore, the free
testosterone level can be normal, even when the total
testosterone level appears decreased. If the free testos-
terone level is normal, then hypogonadism is excluded
and another etiology of this patient‘s erectile dysfunction,
such as medications, must be explored.

A karyotype is not appropriate in this patient in whom
hypogonadism has not been diagnosed and who has nor-
mal follicle-stimulating hormone and luteinizing hormone
levels, which exclude primary hypogonadism. A karyotype
is useful in patients diagnosed with primary hypogonadism
to exclude Klinefelter syndrome.

A pituitary MRI is not indicated at this time because
the diagnosis of sccondary hypogonadism has not been
confirmed.

A sperm count is not indicated in this patient because
a sperm count will not reliably indicate whether a patient
has hypogonadism. Men with low sperm counts can have
normal testosterone levels, and men with slightly decreased
testosterone levels can have normal sperm counts. In addi-
tion, this patient is not seeking fertility at this time.

Answers and Critiques

KEY POINT

e In male patients with obesity, hypogonadism is
best diagnosed by a free testosterone assess-
ment because the total testosterone level may
be affected by a decrease in the sex
hormone-binding globulin level.
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Item 34 Answer: B

Educational Objective: Manage medullary thy-
roid cancer.

Measurement of the plasma free metanephrine and
normetanephrine levels is the most appropriate initial step
in management in this patient with a thyroid nodule. She
has a history of hypertension, elevated serum calcium and
calcitonin levels, and multiple plasmacytoid-appearing cells
on fine-needle aspiradon (FNA) biopsy of the nodule.
These findings are suggestive of medullary thyroid cancer.
Although sporadic in greater than 80% of affected patents,
medullary thyroid cancer may be associated with multiple
endocrine neoplasia type 2A (MEN2A), MEN2B, or famil-
ial non-MEN. The MEN2A and MEN2B syndromes arc
characterized by medullary thyroid cancer and pheochro-
mocytoma. Therefore, the presence of pheochromocy-
roma must be excluded.

Radioactive iodine is not taken up by parafollicular cells
(C cells) and, therefore, is not an appropriate treatment in
patients with medullary thyroid cancer.

Because nearly 30% of patients with sporadic
medullary thyroid cancer and 100% of patients with
inherited medullary thyroid cancer have bilateral disease,
total thyroidectomy, not thyroid lobectomy, is always
the preferred surgical treatment. After initial surgery, all
patients should receive levothyroxine to prevent
hypothyroidism.

The administration of levothyroxine without surgery
to suppress thyroid-stimulating hormone (TSH) secretion
is not indicated because C-cells are not TSH responsive.

T T T 7 A e e S SN
o Although sporadic in greater than 80% of
affected patients, medullary thyroid cancer also
may be associated with multiple endocrine neo-
plasia type 2A (MEN2A), MEN2B, or familial
non-MEN.
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Item 35 Answer: E

Educational Objective: Treat type 1 diabetes
mellitus.

This patient’s preprandial insulin lispro dose should be
changed to 1 unit for every 10 grams of carbohydrate to
be consumed. She recently has made several healthy
changes to her diabetic regimen and lifestyle that have
resulted in close-to-ideal fasting and preprandial glucose
levels, but her 2-hour postprandial levels are still too high.
Changing her insulin lispro dose from 1 unit to cover each
20 grams of carbohydrate to 1 unit to cover every 10
grams of carbohydrate will give her a larger spike of rapid-
acting insulin in the first 2 hours after each meal and
should lower her postprandial blood glucose levels. This
change should result in a lower hemoglobin A, value after
a few months.

Although adding an injection of pramlintide before
meals might improve her postprandial blood glucose level,
optimization of her current diabetc regimen is likely to suc-
cessfully control her blood glucoses without introducing an
additional and expensive treatment.

Changing from insulin lispro to regular insulin
would not improve her blood glucose levels 2 hours after
her meals but might cause hypoglycemia 4 to 6 hours
after meals.

Changing from neutral protamine Hagedorn (NPH)
insulin to insulin glargine would provide no benefit because
her fasting and preprandial glucose levels are already at goal,
and she is not experiencing nocturnal hypoglycemia. Addi-
tionally, insulin glargine is approximately four times more
expensive than NPH insulin.

The patient is already somewhat underweight, is plan-
ning to get pregnant, and is eating a healthy diet. There-
fore, restricting her carbohydrate intake is not appropriate
and might lead to hypoglycemia.

¢ Evaluating and managing postprandial blood
glucose levels can help optimize insulin therapy
in patients with type 1 diabetes mellitus.
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Item 36 Answer: B

Educational Objective: Treat hypoparathy-
roidism occurring after thyroidectomy.

Calcium is most likely to diminish the acute symptoms in this
patient who recently underwent thyroidectomy. Complica-
tions of thyroidectomy include the inadvertent removal of or
injury to the parathyroid glands. If a substantial amount of
parathyroid tissue is not left in vivo, hypoparathyroidism
accompanied by hypocalcemia will result postoperatively.
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Symptoms are primarily neuromuscular, such as paresthesias
and muscle cramps, and tend to be prominent in patients
who experience a rapid drop in their serum calcium level
after surgery. This patent requires an emergent rapid
increase in his serum calcium level, which is best accom-
plished by oral calcium (carbonate or citrate) supplementa-
ton. Intravenous calcium more rapidly increases the serum
calcium level and may be indicated in patients with very low
(<7.5 mg/dL [1.9 mmol/L]) calcium levels or more sig-
nificant clinical findings associated with the hypocalcemia,
such as severe musculoskeletal weakness, tetany, or electro-
cardiographic conduction abnormalities. Ultimately, this
patient most likely will require more prolonged calcium
therapy, depending on the degree of his hypoparathy-
roidism after surgery.

Although this patient also may require chronic vitamin
D supplementation to maintain his serum calcium levels, this
would not be an initial intervention in a symptomatic indi-
vidual with hypocalcemia. Calcitriol (1,25-dihydroxyvitamin
D) should be used because the lack of parathyroid hormone
(PTH) will diminish the endogenous conversion of 25-
hydroxyvitamin D to the more potent 1,25-dihydroxyvita-
min D. However, calcitriol by itself will not effectively
increase serum calcium levels until several days have elapsed.

Patients with hypomagnesemia may have hypocal-
cemia that is refractory to correction until the low magne-
sium levels are repleted. This patient has no evidence of sig-
nificant hypomagnesemia.

Teriparatide, a recombinant form of PTH, currently
is used in the treatment of advanced osteoporosis.
Although it holds promise as a potential therapy for
chronic hypoparathyroidism, its safety and long-term
effectiveness for this use have not been established, and
it does not have FDA approval for trearment of acute
hypoparathyroidism.

® In most patients with hypoparathyroidism and
hypocalcemia, oral calcium is appropriate emer-
gent therapy because it is rapidly absorbed and
will increase the serum calcium level within
minutes.
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Item 37 Answer: A

Educational Objective: Interpret hemoglobin A,
values in a patient with a recent blood transfusion.

The six units of packed red blood cells that this patient
received while hospitalized most likely are responsible for his
low hemoglobin A, _value. In patients receiving hemodialysis,
those with hemolytic anemia or certain hemoglobinopathies,



or those with recent blood transfusions, hemoglobin A,

values may be falsely lowered because of the presence of

erythrocytes less than 120 days old in the sample. In this
patient, not enough time has ¢lapsed since the blood was
transfused for the erythrocytes to become glycosylated
and reflect a true hemoglobin A _level.

Although cating a healthier diet might lower his blood
glucose levels over the next few months, not enough time
has passed for this lifestyle intervention to affect his hemo-
globin A, value so profoundly. His blood glucose log
shows premeal values of 140 to 160 mg/dL (7.8-8.9
mmol,/L), which means that postprandial values are likely
to be even higher and not compatible with a hemoglobin
A, value of 6.2%.

Omeprazole does not interfere with hemoglobin A,
assays and thus is not responsible for his dramatically
lower value.

Cessation of cigarette smoking, although an inherently
positive lifestyle change, will not affect the hemoglobin A,
level.

* Hemoglobin A, values may be falsely lowered
in patients who have received recent blood
transfusions.

Bibliography

Spencer DH, Grossman BJ, Scott MG. Red cell transfusion decreases
hemoglobin Alc in patients with diabetes. Clin - Chem.
2011;57(2):344-346. [PMID: 21059826

Item 38 Answer: D

Educational Objective: Diagnose opiate-induced
secondary hypogonadism.

This patient’s use of methadone is most likely responsible
for his symptoms. Chronic opiate use is an acquired cause
of secondary hypogonadism. The mechanism of opiate-
induced hypogonadism is thought to be central hypogo-
nadism, with downregulation of gonadotropin-releasing
hormone and subsequently luteinizing hormone (LH) and
follicle-stimulating hormone (FSH). This, in turn results in
decreased testosterone production.

Active or anabolic steroid abuse can decrease
patients’ endogenous LH, FSH, and testosterone levels.
However, these patients typically seck medical attention
because of infertility, usually do not have low libido, are
very muscular, and may have significant pustular acne.
This patient has low libido, is thin (not muscular), and
has no acne, all of which make anabolic steroid abuse
very unlikely.

Low libido is an adverse effect of citalopram, but the
drug should not cause low testosterone levels and thus is
not the cause of this patient’s symptoms.

Lisinopril has not been associated with low libido or
erectile dysfunction and thus also is unlikely to be the cause
of this patient’s symptoms.

Answers and Critiques

KEY POINT

e The mechanism of opiate-induced hypogo-
nadism is thought to be central hypogonadism,
with downregulation of gonadotropin-releasing
hormone and subsequently luteinizing hor-
mone and follicle-stimulating hormone, which
results in decreased testosterone production.
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Item 39 Answer: A

Educational Objective: Manage newly diagnosed
adrenal insufficiency.

Hydrocortisone therapy is most appropriate for manage-
ment of this patient’s disorder. She has the classic clinical
(fatigue, nausea, weight loss, salt craving) and biochemical
(hyponatremia, hyperkalemia, and low cortisol and high
adrenocorticotropic hormone [ACTH] levels) features of
primary adrenal insufficiency. The laboratory study results
also suggest decreased production of mineralocorticoids
(hyponatremia and hyperkalemia) and adrenal androgens
(low serum dehydroepiandrosterone  sulfate  level).
Although the random serum cortisol level is within the
accepted range for the afternoon, it is inappropriately low
for the degree of hypotension experienced by this patient—
especially because hypotension is a strong stimulus for
ACTH and cortisol release. The plasma ACTH level, which
was measured at the same time as the serum cortisol level,
is extremely elevated and indicates primary adrenal failure.
Therefore, all three classes of corticosteroids produced by
the adrenal cortex (glucocorticoids, mineralocorticoids,
and adrenal androgens) are diminished, which suggests the
diagnosis of primary adrenal insufficiency. The disorder is
most likely autoimmune in nature, given the patient’s fam-
ily history, and is best treated with hydrocortisone.

Although the serum thyroid-stimulating hormone
level is minimally elevated, this patient has newly diagnosed
primary adrenal insufficiency that should be addressed
before any adjustment in the levothyroxine dosage is made.
Increasing the levothyroxine dosage before starting gluco-
corticoids could accelerate the metabolic clearance of
endogenously secreted cortisol and potentially worsen
symptoms of adrenal insufficiency.

The abnormalities in this patient’s laboratory results
are quite clear and associated with clinical symptoms.
Therefore, repeat testing of her serum cortisol and plasma
ACTH levels at 9 Am is unnccessary.

The increased plasma ACTH level is a physiologic
response to the reduction in cortisol and excludes pituitary
insufficiency as the cause of the patient’s hypocortisolism.
An MRI of the pituitary gland is thus not indicated.
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KEY POINT

® The diagnosis of primary adrenal insufficiency is
suggested when all three classes of corticosteroids
produced by the adrenal cortex are diminished.
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Item 40 Answer: B

Educational Objective: Diagnose lymphocytic
hypophysitis.

This patient most likely has lymphocytic hypophysitis, an
uncommon autoimmune disorder characterized by symmet-
ric enlargement of the sellar contents. Lymphocytic
hypophysitis is usually detected during pregnancy or in the
postpartum period. Antipituitary antibodies can be detected
in patients with this disorder, but these antibodies are not
routinely clinically measured. Lymphocytic hypophysitis is a
rare cause of hypopituitarism and can be associated with cen-
tral adrenal insufficiency, as seen in this patient. Adrenocor-
ticotropic hormone deficiency is a common finding in lym-
phocytic hypophysitis and is a major cause of morbidity and
mortality in patients with the disorder. This patient should be
treated with glucocorticoid replacement therapy and obser-
vation of the mass, which often decreases in size over time. If
visual field defects develop, surgery may be necessary.

Craniopharyngioma is a rare, irregular, mixed solid-cystic
lesion, often with calcifications, seen in persons of this patient’s
age that often is associated with panhypopituitarism and dia-
betes insipidus. The radiographic findings and signs and symp-
toms in this patient are inconsistent with craniopharyngioma.

Although prolactinomas may enlarge during pregnancy,
the serum prolactin level is generally greater than 500
ng/mL (500 micrograms/L), with lesions greater than 10
mm in size (macroadenomas). Given the size of her pituitary
lesion, one would expect her serum prolactin level to be
much higher than measured. The hyperprolactinemia in this
patient most likely reflects her recent gravid state because
serum prolactin levels increase throughout pregnancy. The
increased size of the normal pituitary gland during pregnancy
does not result in associated clinical signs or symptoms of
hypopituitarism and will not cause local mass effects.

Shechan syndrome is defined as pituitary infarction or
hemorrhage in the setting of a complicated delivery and
thus is not the diagnosis in this patient.

* Adrenocorticotropic hormone deficiency is a
common finding in lymphocytic hypophysitis
and is a major cause of morbidity and mortality.
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item 41 Answer: D

Educational Objective: Interpret hemoglobin A,
results.

The discrepancy in this patient’s glucose monitor readings
and hemoglobin A, _values is most likely due to postpran-
dial hyperglycemia. She tests her blood glucose level only
in a fasting state and before each meal and does not obtain
postprandial or other measurements. Although her records
indicate an average level that is close to the target of 130
mg/dL (7.2 mmol/L), her blood glucose level may actu-
ally exceed 200 mg/dL (11.1 mmol/L) tor several hours
after meals. These periods of hyperglycemia will contribute
to her elevated hemoglobin A value. The hemoglobin A,
level represents the average of her fasting, preprandial, post-
prandial, nocturnal, and other blood glucose levels during
the past 3 months.

Although blood glucose monitors occasionally may
produce inaccurate readings, this occurrence is extremely
rare and also is unlikely in this patient because the simulta-
ncous laboratory plasma glucose level and glucose monitor
reading are within 10% of each other.

Hemoglobin A _levels vary directly with erythrocyte
survival. Levels are falsely high when erythrocyte survival is
prolonged (decreased erythrocyte turnover), as occurs in
patients with untreated iron, vitamin B,,, or folate defi-
ciency anemia. Conversely, hemoglobin A, levels may be
falsely low in patients with the shorter erythrocyte survival
associated with rapid cell turnover, as occurs in patients
with hemolytic anemia; those being treated for iron, folate,
or vitamin B, deficiency; and those being treated with
erythropoietin. This patient’s history of recent iron defi-
ciency anemia treated with iron is likely to falsely lower, not
clevate, her hemoglobin A, _ level.

If the patient were having prolonged periods of noc-
turnal hypoglycemia, she would have a lower-than-
expected hemoglobin A, _value.

® Average glucose monitor readings that do not
include postprandial blood glucose levels are
likely to differ from average plasma glucose lev-
els derived from hemoglobin A, values.
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Item 42 Answer: C
Educational Objective: Diagnose hypocalcemia
due to hungry bone syndrome.

This patient’s hypocalcemia is most likely caused by hungry
bone syndrome. He has developed hypocalcemia after



surgery to correct primary hyperparathyroidism. After
parathyroidectomy, patients may experience hungry bone
syndrome, in which the unmineralized bone matrix pro-
duced during the period of hyperparathyroidism begins to
mineralize after the parathyroid level becomes more nor-
mal. This results in low serum calcium and phosphorus lev-
els because these minerals are consumed by the bone in the
process of mineralization.

Secondary hyperparathyroidism and bone disease
affect almost all patients with chronic kidney disease
(CKD). Hyperphosphatemia, hypocalcemia, and deficiency
of 1,25-dihydroxyvitamin D stimulate parathyroid hor-
mone (PTH) secretion. In patients with stage 2 and stage
3 CKD, increased PTH secretion helps maintain the serum
calcium level through increased mobilizaton of calcium
from bone and decreased urine calcium excretion. Patients
with stage 3 CKD have transient postprandial hypocalcemia
and hyperphosphatemia, both of which contribute to the
increase in the PTH level that precedes onset of the sus-
tained hyperphosphatemia characteristic of stage 4 and
stage 5 CKD. Although this patient’s kidney function is
mildly impaired, the dysfunction is not serious enough to
cause this severe hypocalcemia, and CKD is not consistent
with the measured normal PTH level.

Dilutional hypocalcemia can result from excessive
intravenous fluid administration. This patient had mini-
mally invasive surgery and would not have required a large
amount of hydration.

Alkalosis due to hyperventilation can cause a decrease
in the ionized calcium level because of a shift in calcium
ions to the intracellular compartment. However, alkalosis
does not affect the total serum calcium level.

e After parathyroidectomy, patients may experi-
ence hungry bone syndrome, in which the
unmineralized bone matrix produced during
the period of hyperparathyroidism begins to
mineralize after the parathyroid level becomes
more normal.

Bibliography

Mittendorf EA, Merlino JI, McHenry CR. Post-parathyroidectomy
hypocalcemia: incidence, risk factors, and management. Am Surg.
2004;70(2):114-119. [PMID: 15011912]

Item 43 Answer: D

Educational Objective: Manage a thyroid nodule.

This patient should undergo thyroid lobectomy. According
to several guidelines, biopsy of any nodule greater than 1
cm in diameter is reasonable, and biopsy of smaller nodules
should be considered in patients with risk factors, such as a
history of radiation exposure, a family history of thyroid
cancer, cervical lymphadenopathy, or worrisome ultrasound
characteristics. Therefore, it was appropriate to perform a
fine-needle aspiration (FNA) biopsy in this 18-year-old

Answers and Critiques

woman with a 2-cm hypoechoic nodule that also has
increased intranodular vascularity, regardless of whether she
has a personal or family history of thyroid cancer. Results
were consistent with a follicular neoplasm, which has an
approximately 15% to 30% chance of harboring cancer.
Unlike papillary thyroid cancer, follicular thyroid cancer
cannot be diagnosed on the basis of an FNA biopsy because
it is difficult to differentiate a malignant from a benign ade-
noma. Therefore, follicular neoplasms require pathologic
examination of a surgical specimen to diagnose or exclude
malignancy. Either a thyroid lobectomy or total thyroidec-
tomy is typically recommended for these nodules to allow
for complete histologic evaluation.

Thyroid hormone suppression therapy with levothy-
roxine is frequently used in the treatment of difterentiated
thyroid cancers to minimize thyroid-stimulating hormone
stimulation of tumor growth. However, its use in benign
nodules is controversial, and using thyroid suppression
therapy in this patient who does not yet have a clear diag-
nosis would be inappropriate.

Because the patient does not yet have a definitive diag-
nosis of thyroid cancer, treatment with radioactive iodine is
not appropriate. Treatment with radioactive iodine is
appropriate after malignancy is established.

Because results of FNA biopsy in this patient already
suggest the possibility of malignancy, repeating the study in
6 months would be inappropriate. In any case, a repeat
FNA biopsy would not obviate the need for a surgical spec-
imen for a definitive diagnosis.

KEY POINT

e Thyroid lobectomy or total thyroidectomy is
typically recommended for thyroid nodules
with evidence of a follicular neoplasm.
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Iitem 44 Answer: A

Educational Objective: Diagnose functional
hypothalamic amenorrhea.

Functional hypothalamic amenorrhea is the most likely
diagnosis in this patient. Hypothalamic amenorrhea may
result from several causes, including a tumor or infiltrative
lesion, such as a lymphoma or sarcoidosis. More commonly,
hypothalamic amenorrhea is functional and due to stress,
excessive loss of body weight, excessive exercise, or some
combination thereof and is a diagnosis of exclusion. This
patient’s findings of a low follicle-stimulating hormone
(FSH) level and normal thyroid-stimulating hormone
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Answers and Critiques

(TSH) and prolactin levels; negative human chorionic
gonadotropin test results; and no withdrawal bleeding
after a progesterone challenge test all suggest hypothalamic
amenorrhea. The pituitary MRI excludes a tumor or infil-
trative lesion. The increased stress at work is the likely cause
of her functional hypothalamic amenorrhea.

Polycystic ovary syndrome (PCOS) is unlikely because
the patient has no evidence of significant hyperandro-
genism; only mild facial acne is detected on physical exam-
ination. In addition, the progesterone challenge test
resulted in no withdrawal bleeding, which indicates that she
has low estrogen levels. Patients with PCOS typically have
adequate estrogen levels but anovulatory cycles; a pro-
gesterone challenge test will produce withdrawal bleeding
in these patents.

Primary ovarian insufficiency is not the diagnosis
because the patient’s FSH level is normal. In women with
primary ovarian insufficiency, FSH levels are elevated (in
the menopausal range).

Subclinical hypothyroidism is unlikely in this patient
because her TSH level is normal, which indicates that she
is euthyroid.

* Functional hypothalamic amenorrhea is a diag-
nosis of exclusion characterized by a low estro-
gen state, psychological or physical stress, nor-
mal or low follicle-stimulating hormone levels,
and negative results on progesterone challenge
testing.
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Item 45 Answer: B

Educational Objective: Treat a patient who has
diabetes mellitus, hyperlipidemia, and nonalcoholic
fatty liver disease with a statin.

In addition to neutral protamine Hagedorn (NPH)
insulin at bedtime, a statin should be added now to this
patient’s diabetes regimen. He has poorly controlled type
2 diabetes mellitus, and thus adding a bedtime basal
insulin to his sulfonylurea is a reasonable step to improve
his fasting plasma glucose level and hemoglobin A _ value.
His liver chemistry studies show moderately elevated
aminotransferase levels, but he has no other evidence of
liver disease. This makes the diagnosis of nonalcoholic
fatty liver discase most likely. In light of his diabetes and
significant hypercholesterolemia, the addition of a statin
is likely to be beneficial. Patients with nonalcoholic fatty
liver disease are not necessarily at a higher risk of adverse
outcomes from statin therapy than patients without the
disease, and thus statins are a treatment option in these
patients. In a study of 437 patients whose liver chemistry
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levels were up to three times the upper limit of normal,
treatment with atorvastatin resulted in a threefold reduc-
tion in cardiovascular events (10% versus 30% in the non-
treatment group) and a greater reduction in liver chem-
istry levels compared with patients not receiving a statin
during 3 years of follow-up evaluation.

Fibrates are most effective for reducing the triglyceride
level and have little impact on the LDL cholesterol level,
the primary lipid target in this patient.

Starting the statin should not be delayed until after his
glycemic control has improved or his liver chemistry tests
normalize.

Nicotinic acid can lower the LDL cholesterol level and
increase the HDL cholesterol level. Its use is typically lim-
ited by its adverse effects. Nicotinic acid can cause elevation
of glucose and liver chemistry levels and may cause severe
hepatocellular damage. Nicotinic acid would be relatively
contraindicated in this patient with probable nonalcoholic
fatty liver disease.

® Statins are a viable treatment option in patients
with diabetes mellitus, hyperlipidemia, and
nonalcoholic fatty liver disease.
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Item 46 Answer: C
Educational Objective: Manage a sellar mass.

In this patient with an incidental sellar mass, measuring the
serum prolactin level should be part of the initial evalua-
ton. The approach to a sellar mass includes assessment for
hormone  hypersecretion, including evaluation for
acromegaly, Cushing syndrome, and a prolactinoma. The
absence of clinical findings suggestive of acromegaly or
Cushing syndrome and the normal insulin-like growth fac-
tor 1 (IGF-1) and morning cortisol levels in this patient
suggest a nonfunctioning pituitary macroadenoma. How-
ever, prolactin-secreting pituitary adenomas are common,
and a serum prolactin level should be obtained to evaluate
for this possibility. A male patient can have a prolactinoma
without gynecomastia or galactorrhea. Testosterone defi-
ciency with associated diminished libido and erectile dys-
function may be present in the setting of hyperprolactine-
mia. If a prolactinoma is diagnosed, a dopamine agonist is
administered to reduce both the serum prolactin level and
the tumor size, Further assessment includes evaluation for
hypopituitarism.

A dexamethasone suppression test can help localize
the tumor source in a patient with adrenocorticotropic



hormone-dependent Cushing syndrome. Because this
patient does not have Cushing syndrome, this test is not
indicated.

A growth hormone stimulation test can be used to
evaluate for possible growth hormone deficiency, but mea-
suring the IGF-1 level is typically the inital screening test
because IGF-1 is a marker for endogenous growth hor-
mone levels. This patient has a normal IGF-1 level.

Measurement of the serum sodium and urine osmo-
lality levels evaluates deficiency in antidiuretic hormone
(ADH) secretion, which occurs in the hypothalamic region
and posterior pituitary gland. Deficiencies of ADH secre-
tion are rarely associated with either functional or non-
functioning pituitary adenomas, although they may be a
result of surgical intervention to treat an adenoma.

KEY POINT

e In a patient with an incidental sellar mass, mea-
suring the serum prolactin level should be part
of the initial management.
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Item 47 Answer: C

Educational Objective: Diagnose benign familial
hypocalciuric hypercalcemia.

The patient should have her urine levels of calcium and
creatinine measured so that the urine calcium-to-creati-
nine clearance ratio can be calculated. A ratio less than
0.01 would suggest benign familial hypocalciuric hyper-
calcemia (FHH). Although this low ratio also is seen in as
many as one third of patients with primary hyperparathy-
roidism, this paticnt has none of the expected complica-
tions of primary hyperparathyroidism and has a brother
with a similar history. Confirmation of the diagnosis of
FHH is often possible by genetic testing for mutations in
the CASR gene.

Measurement of the serum prolactin level could be
considered if multiple endocrine neoplasia type 1 (MENI)
was in the differential diagnosis. However, this patient has
no history of other tumors, which makes MENI1 an
unlikely diagnosis.

Measurement of the serum 25-hydroxyvitamin D level
is unlikely to help in the evaluation of a patient with a high
serum calcium level and high-normal parathyroid hormone
(PTH) level. The typical pattern seen in vitamin D defi-
ciency is a high PTH level and a normal or mildly low
serum calcium level.

A parathyroid sestamibi scan is inappropriate at this
point in the patient’s evaluation because it is a localization
study meant to be performed on patients already deemed
appropriate for parathyroidectomy.

Answers and Critiques

KEY POINT

e Benign familial hypocalciuric hypercalcemia
is likely in the setting of a mild elevation of
the serum calcium level with a high-normal
or mildly elevated serum parathyroid hor-
mone level and a family member with similar
findings.
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Item 48 Answer: A

Educational Objective: Evaluate adrenal function
during critical illness.

This patient should continue her current therapy of antibi-
otics and intravenous fluids. In the setting of a critically ill
patient with sepsis and hypotension, the diagnosis of
adrenal insufficiency is a possibility. Available assays for
measuring the serum cortisol level determine the total (pro-
tein-bound and free) hormone level. The physiologic
effects of cortisol are determined by the free (or unbound)
fraction of the hormone pool. Patients with hypoproteine-
mia have lower serum total cortisol levels but may have nor-
mal serum free cortisol levels. The latter situation becomes
clinically relevant in critically ill patients with hypopro-
teinemia, such as this patient.

A random serum cortisol level greater than 12
micrograms/dL (331 nmol/L) in a critically ill patient
who has hypoproteinemia (albumin level <2.5 g/dL [25
g/L]) makes the diagnosis of adrenal insufficiency
unlikely. The most appropriate management is to order
no additional studies and add no new treatment but
instead continue the current therapy of antibiotics and
intravenous fluids.

The diagnosis of adrenal insufficiency typically relies on
demonstrating a low basal serum cortisol level that does not
increase appropriately after stimulation with the adreno-
corticotropic hormone analogue cosyntropin. Because the
adrenal glands are constantly stimulated by stressful events,
such as sepsis, obtaining a cosyntropin stimulation test is
unlikely to be of value in this setting.

In most healthy persons, the serum cortisol level is
highest in the morning. A low morning serum cortisol
measurement is compatible with adrenal insufficiency but is
neither sufficiently sensitive nor specific to be diagnostic.
Additionally, critically ill patients have maximally stimulated
cortisol production throughout the day. Therefore, a
morning serum cortisol level will not be significantly dif-
ferent from a random serum cortisol level and is not indi-
cated in this patient.

Because the diagnosis of adrenal insufficiency is
unlikely in this patient, the use of hydrocortisone is
unnecessary.
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Answers and Critiques

KEY POINT

¢ A random serum cortisol level greater than 12
micrograms/dL (331 nmol/L) in a critically ill
patient with hypoproteinemia (albumin level
<2.5 g/dL [25 g/L]) makes the diagnosis of
adrenal insufficiency unlikely and treatment
with hydrocortisone unnecessary.
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Item 49 Answer: B
Educational Objective: Treat myxedema coma.

This patent’s symptoms and signs strongly suggest
myxedema coma, which should be treated with intravenous
levothyroxine and hydrocortisone. Patients with myxedema
coma frequently are nonresponsive or poorly responsive and
have hypotension, hypoglycemia, bradycardia, and hypother-
mia. Myxedema coma is considered a medical emergency,
and appropriate supportive measures (treatment of possible
sepsis and pneumonia, ventilation, and assessment and treat-
ment of cardiac issues) are very important. No consensus
exists about the most efficacious thyroid hormone replace-
ment regimen to use for myxedema coma. Intravenous
levothyroxine has traditionally been administered, with an
initial bolus of 200 to 500 micrograms followed by daily
doses between 50 and 100 micrograms undl transition to
oral administration is feasible. These relatively high doses of
levothyroxine are recommended to replenish the depleted
tissue stores of thyroid hormone. However, they may be
associated with cardiac irregularities and should be used cau-
tiously, especially in patients with known or suspected cardiac
disorders (which this patient does not have).

Thyroid hormone replacement therapy by itself may
not be sufficient treatment. Patients with secondary
hypothyroidism may have a degree of hypopituitarism that
can lead to secondary adrenal insufficiency. Patients with
myxedema coma should be checked for possible adrenal
insufficiency and treated with a stress-dose glucocorticoid,
such as hydrocortisone, until adrenal insufficiency is
excluded and appropriate adrenal function confirmed.

Supplementation with liothyronine (oral or intra-
venous) has been proposed but is controversial, especially
because a definitive benefit of this therapy has not been
shown. If liothyronine is used, it should be administered
cautiously in lower doses and in combination with levothy-
roxine. All underlying precipitating conditions also must
be addressed.

* Intravenous levothyroxine and a glucocorticoid
(such as hydrocortisone) is appropriate initial
treatment of a patient in myxedema coma.
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Item 50 Answer: B

Educational Objective: Manage
hyperprolactinemia.

A pituitary MRI should be performed in this patient to eval-
uate for a scllar mass. He has hypogonadotropic hypogo-
nadism, which is the likely basis of his sexual dysfunction. His
hyperprolactinemia is most likely contributing to the hypo-
gonadism. Before treatment can begin, the cause of the
hyperprolactinemia must be determined. This patient has no
other disorders (such as hypothyroidism, liver discase, or kid-
ney failure) and takes no medication that could result in
hyperprolactinemia. Therefore, MRI is necessary to exclude
either a prolactinoma or another sellar mass.

Cabergoline, a dopamine agonist, eventually may be nec-
essary for management of the hyperprolactinemia. However,
the cause of the hyperprolactinemia first must be determined.

A testicular ultrasound has no role in managing this
patient’s disorder. His hypogonadism is most likely due to
a central cause (low testosterone and low gonadotropin lev-
els), and he has no palpable mass on testicular examination.

Testosterone therapy would not be indicated in this
patient because the cause of his secondary hypogonadism
still must be elucidated. If the cause is a pituitary adenoma,
then treatment with a dopamine agonist may be sufficient
to reverse the hypogonadism.

* In patients with hypogonadotropic hypogo-
nadism and hyperprolactinemia not caused by
another disorder or a medication, a pituitary
MRI is appropriate to evaluate for a sellar mass.
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Item 51 Answer: C

Educational Objective: Diagnose male
hypogonadism.

Obtaining a morning serum total testosterone level is the
most appropriate next diagnostic test. According to
Endocrine Society guidelines, an initial morning measure-
ment of a patient’s total testosterone level should be per-
formed in assessing for hypogonadism; if results are abnor-
mal, a second confirmatory morning measurement should be
obtained before testing for secondary causes is begun. This
recommendation is based on numerous studies showing that
variability in testosterone levels from day to day or diurnally



is common, with morning total testosterone levels being the
most accurate in indicating a patient’s androgen status.

Iron studies to exclude hemochromatosis as a cause of
central hypogonadism are not indicated in this patient because
a diagnosis of hypogonadism has not been confirmed.

Many free testosterone assays are grossly inaccurate
and thus are not currently recommended to diagnose
hypogonadism unless the assay measures free testosterone
by equilibrium dialysis. Additionally, this patient has no risk
factors for altered sex hormone-binding globulin levels
(obesity and older age), which would make a total testos-
terone level less reliable. Therefore, he has no need of a free
testosterone assessment.

Testicular ultrasonography is not indicated for the
diagnosis of hypogonadism. A testicular examination is ade-
quate for assessing testicular volume.

KEY POINT

¢ In evaluating a male patient for hypogonadism,
a morning measurement of the total testos-
terone level is the most appropriate initial step.
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Item 52 Answer: D

Educational Objective: Diagnose subacute
thyroiditis.

This patient should have a 24-hour radioactive iodine
uptake (RAIU) test. She most likely has subacute thy-
roiditis, a form of destructive thyroiditis, given her neck
discomfort, history of a transient possible viral infection 4
weeks ago, fever, clevated erythrocyte sedimentation rate
(ESR), and biochemical findings (elevated serum free thy-
roxine [T,] and triiodothyronine [T,] levels and low
serum thyroid-stimulating hormone level). The RAIU
test measures thyroid gland iodine uptake over a timed
period, usually 24 hours. In patients with destructive thy-
roiditis (or exposure to exogenous thyroid hormones),
results of the RAIU test will be less than normal (<5% at
24 hours). In contrast to destructive thyroiditis, Graves
disease will show an elevated (or sometimes normal)
RAIU, which indicates endogenous excess synthesis and
production of thyroid hormones.

Fine-needle aspiradon biopsy can be useful in the cval-
uation of thyroid nodules, which this patient does not have.

Antithyroid agents, such as methimazole or propyl-
thiouracil, have no role in the treatment of destructive
thyroiditis because endogenous production of thyroid
hormones is very low. Although many patients can be
treated expectantly with only B-blocker therapy, pred-
nisone is indicated in patients with significant hormone
elevation or pain.

Answers and Critiques

Measurement of the serum thyroglobulin level can
help distinguish exogenous levothyroxine ingestion
from subacute thyroiditis. However, this patient’s his-
tory and laboratory findings (tender thyromegaly, fever,
elevated ESR) are not compatible with exogenous
levothyroxine use.

KEY POINT

¢ In patients with destructive thyroiditis, results
of the 24-hour radioactive iodine uptake test
will be less than normal (<5% at 24 hours).
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Item 53 Answer: A

Educational Objective: Manage hypoglycemia in
a patient taking a sulfonylurea.

This patient should stop taking glyburide immediately. She
has impaired kidney function and heart failure, both of
which significantly impair her ability to clear glyburide and
glyburide metabolites from her body. The biologic half-life
of glyburide is thus prolonged. Because of this long half-life
and the degree of this patient’s kidney impairment (esti-
mated glomerular filtration rate <50 mL/min/1.73 m?),
merely decreasing her glyburide dosage is insufficient to
reliably decrease blood drug levels and prevent the return
of hypoglycemia. A hemoglobin A, value of 6.2% is dan-
gerously low in an older patient with diabetes mellitus and
has most likely resulted in frequent cpisodes of hypo-
glycemia. These episodes, in turn, have caused her recent
episodes of confusion and forgetfulness. Because it may
take several days after discontinuation for the glyburide to
decrease to undetectable levels, evaluating her plasma glu-
cose level in two weeks would be appropriate as a next step
in management.

Although glipizide is safer and has a shorter half-life
than glyburide, it also accumulates in patients with chronic
kidney discase. More importantly, no hypoglycemic agent
(glipizide, metformin, or insulin) should be given to this
patient until glyburide is completely cleared from her body,
which would completely end the cycle of recurrent hypo-
glycemic episodes.

KEY POINT

e Sulfonylureas with long half-lives, such as gly-
buride, should not be used in older patients
with type 2 diabetes mellitus and impaired kid-
ney function or heart failure.
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Answers and Critiques

Item 54 Answer: C

Educational Objective: Manage primary hyper-
parathyroidism.

This patient should undergo a parathyroidectomy. She has
hypercalcemia and a high-normal parathyroid hormone
(PTH) level, a pattern consistent with primary hyper-
parathyroidism. Although the PTH level is not above the
normal range, it is inappropriately high in light of her sig-
nificant hypercalcemia. Although many patients with hyper-
parathyroidism may be appropriately observed closely or
treated nonsurgically if they are asymptomatic, sympto-
matic hypercalcemia (for example, with nephrolithiasis and
cardiac arrhythmias) is an indication for parathyroidectomy.
Additional indications for surgery are a serum calcium level
greater than 1.0 mg/dL (0.3 mmol /L) more than the nor-
mal range, a creatinine clearance less than 60 mL/min
(0.06 L/min) (normal, 90-140 mL/min [0.09-0.14
L/min]), bone density T-scores less than =2.5 in any area,
a previous fragility fracture, and age less than 50 years,
regardless of symptoms.

This patient’s primary indication for parathyroidec-
tomy is the history of a fragility fracture (a fracture sus-
tained in a fall from a standing height). Although her dual-
energy x-ray absorptiometry scan does not show
osteoporosis, the history of fragility fracture portends an
clevated risk of future fracture. The goal of surgery will be
to prevent additional bone loss, fragility fractures, or other
possible complications of primary hyperparathyroidism.

Bisphosphonate therapy could be attempted if this
patient refused surgery but is not as effective as surgery.

A bone scan might be helpful to evaluate for cancer
with bony metastases but would not be useful in this patient
with a benign parathyroid condition.

PTH-related protein (PTHrP) secretion is commonly
associated with certain malignancies. However, measure-
ment of the PTHrP level is unnecessary in this patient
whose hypercalcemia is clearly caused by primary hyper-
parathyroidism and not by malignancy.

Repeating the serum calcium measurement in 1 year
would be appropriate for a patient with primary hyper-
parathyroidism who did not have indications for surgery
now.

* In a patient with primary hyperparathy-
roidism and a history of a fragility fracture,
parathyroidectomy is the most appropriate
management.
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Item 55

Educational Objective: Manage adrenal function
during critical illness.

Answer: B

This patient should be treated with stress doses of hydrocor-
asone as the next step in management. His pneumonia was
treated appropriately with intravenous fluids and andbiotics.
However, despite optimal therapy, he continues to do poorly.
Although his persistent illness could indicate progression into
sepsis and septic shock, it is more likely that his poor response
to therapy is the result of adrenal insufficiency. The repeated
injections of triamcinolone most likely have suppressed his
endogenous pituitary-adrenal axis and put him at increased
risk for adrenal insufficiency. The timing of the symptoms is
crucial in that they occurred 3 months after the last triamci-
nolone injection. Although the measured serum cortisol level
is within the normal range, it is inappropriately low (even for
a serum albumin level of 2.7 g /d1.[27 g/1]) for the degree
of stress (including hypotension) that he is experiencing, If
the plasma adrenocorticotropic hormone (ACTH) level had
been measured, it would have been inappropriately low or
low-normal as a result of chronic suppression by previous
glucocorticoid administration. This subnormal response to
hypotension and stress is commonly observed in patients
with central adrenal insufficiency.

The most appropriate management, therefore, is to
treat this patient with stress doses of hydrocortisone. Glu-
cocorticoid deficiency is associated with increased morbid-
ity and mortality in critically ill patients. When the diagno-
sis is highly suspected, especially in the proper clinical
setting (including previous exposure to glucocorticoids),
treatment should be insttuted immediately, even if the
diagnosis cannot be firmly established in a timely manner.

In astable patient, an ACTH stimulation test would be
an appropriate study to assess for adrenal suppression caused
by exogenous glucocorticoids. However, in a patient with
likely adrenal insufticiency and vasomotor instability, imme-
diate treatment is indicated before further study.

Although the patient is at risk for a hospital-acquired
infection, possibly with a pseudomonal infection, even ade-
quate antibiotic treatment may not be successful without
treating his possible adrenal insufficiency.

Continued therapy with intravenous fluids and antibi-
otics is appropriate, although adding vasopressors without
addressing his potential underlying adrenal suppression is
not adequate therapy.

° In a critically ill patient at high risk for
adrenal insufficiency, the most appropriate
management is treatment with stress doses of
hydrocortisone.
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Item 56 Answer: D

Educational Objective: Interpret thyroid func-
tion studies in an older patient.

This patient should be monitored for evidence of hypothy-
roidism and should receive no pharmacologic therapy at pres-
ent. In older persons with abnormal results on thyroid func-
ton testing, such as are seen in this patient, the tests should
be repeated several times over a period of months to ensure
the stability and accuracy of the results. The normal thyroid-
stimulating hormone (TSH) range for most ambulatory out-
patients is 0.5-5.0 microunits/mL (0.5-5.0 milliunits/L).
However, the normal range is different during pregnancy
and in patients older than 80 years. Several studies have
shown that an elevated serum TSH level in older patients is
not associated with detrimental medical outcomes (such as
depressive symptoms and impaired cognitive function) but,
in fact, is associated with a lower mortality rate. Although
the precise numbers are somewhat controversial, the nor-
mal reference range most likely is approximately 1 to 7
microunits/mL (1-7 milliunits /L). It is now recognized that
older patients generally should not be given levothyroxine
solely for an elevated TSH level. A full consideration of the
padent and the clinical context is necessary.

This patient is basically asymptomatic (except for mild
fatigue) and in good health. His thyroid peroxidase anti-
body level and clinical examination findings are basically
normal and thus support the concept that he does not
require exogenous levothyroxine.

Most evidence to date has shown no clinical advantage
of liothyronine over levothyroxine in patients requiring thy-
roid replacement therapy. Additionally, liothyronine and
other triiodothyronine (T;) preparations have a short half-
life and have been associated with acute spikes in serum T,
levels, which are of particular concern in older adult
patients or patients with cardiac abnormalities.

A radioactive iodine test is not useful in establishing
the diagnosis of hypothyroidism and thus is inappropriate
in this patient.

e Older patients generally should not be given
levothyroxine solely for an elevated thyroid-
stimulating hormone level.
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Item 57 Answer: B

Educational Objective: Diagnose central
hypothyroidism after pituitary irradiation.

This patient most likely has central hypothyroidism and
should have her serum free thyroxine (T,) level measured.
Her hypopituitarism is a result of the radiation therapy she

Answers and Critiques

received as part of her treatment of a pituitary adenoma.
Her symptoms are typical of hypothyroidism, and the signs
and symptoms of central hypothyroidism are similar to
those of primary hypothyroidism. However, the biochem-
ical diagnosis of central hypothyroidism is established dif-
ferently because patients may have either a low-normal to
overtly low serum thyroid-stimulating hormone (TSH)
level. Therefore, the diagnosis is made based on measure-
ment of a low free T, level in association with both a low
to low-normal TSH level and clinical symptoms suggestive
of hypothyroidism. This patient’s mild hyponatremia may
be caused by her hypothyroidism and should improve with
T, replacement. In a patient with central hypothyroidism
who takes levothyroxine replacement therapy, the goal
should be achievement of a normal free T, level because
monitoring the TSH value is not useful.

Measuring this patient’s morning serum cortsol level
is inappropriate management because she is receiving glu-
cocorticoid replacement therapy for adrenal insufficiency,
which guarantees that the cortisol level will be low.

A random measurement of the serum growth hor-
mone (GH) level is not useful in the assessment of GH defi-
ciency. A serum insulin-like growth factor 1 level would be
uscful for assessing GH production.

Measurement of this patient’s serum luteinizing hor-
mone level will not be useful because the oral contraceptive
agent she is taking will have lowered her gonadotropin levels.

e The diagnosis of central hypothyroidism is
made on the basis of the serum free thyroxine
(T,) level.
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Item 58 Answer: E

Educational Objective: Manage diabetic
ketoacidosis.

This patient should first be admitted to the intensive care
unit for administration of intravenous fluids and insulin for
management of severe diabetic ketoacidosis (DKA) and
subsequently have serial abdominal examinations. She has
reduced her insulin intake for the past 2 days while she was
not feeling well. The insulin requirement usually is
increased while a patient is under the stress imposed by ill-
ness. Her serum bicarbonate level is now substantially less
than 15 meq/L (15 mmol/L), and she has generalized
abdominal pain in the absence of specific intra-abdominal
findings on physical examination. These findings are com-
mon in DKA, with just under half of patients reporting
abdominal pain. Serial abdominal examinations are neces-
sary to determine if her abdominal symptoms improve as
her ketoacidosis resolves.
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The severity of the abdominal pain is related to the
degree of metabolic acidosis. In the absence of localized
findings, imaging with CT or other invasive procedures,
such as laparotomy or endoscopic retrograde cholan-
giopancreatography, should be considered only if the
patient’s abdominal pain does not resolve with correction
of the acidosis.

DKA also often causes an elevated leukocyte count,
an clevated amylase level, and a less-than-normal tem-
perature, all of which this patient has. However, none of
these findings reliably suggests infection, and no obvious
source of infection is evident. Imipenem thus should not
be started.

KEY POINT

* Diabetic ketoacidosis can cause generalized
abdominal pain, leukocytosis, and
hyperamylasemia.
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Item 59 Answer: D

Educational Objective: Manage secondary
osteoporosis.

The most appropriate next step in management is to screen
this 55-year-old man for celiac disease as part of the evalu-
ation for secondary causes of his low bone mass and frac-
ture. This patient has a history of fragility fracture (fracture
sustained in a fall from a standing height), and his bone
density results show osteopenia. In an otherwise healthy
55-year-old man, these findings raise concern for a sec-
ondary cause of his low bone mass and fragility fracture.
Half of the men with osteoporosis will have an identifiable
cause. Therefore, screening guided by history and physical
examination findings may include testing for hypogo-
nadism, vitamin D deficiency, primary hyperparathy-
roidism, calcium malabsorption, and multiple myeloma.
Measurement of 24-hour urine calcium excretion while the
patient consumes 1000 mg,/d of calcium also may be use-
ful. Low values for urine calcium may indicate calcium mal-
absorption, which can be seen in celiac discase. In light of
this patient’s low BMI, fragility fracture, and history of iron
deficiency anemia, celiac disease is a concern, even if gastro-
intestinal symptoms are absent.

Initiation of alendronate or teriparatide can be consid-
ered after the evaluation for secondary causes is completed.
These agents will be more effective once the secondary
cause of low bone mass has been corrected.

Repeating the bone density test in 1 year without any
intervention now would allow time for additional bone loss
to occur and thus would not be the best management.
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* Low urine calcium excretion in a patient with
a fragility fracture may indicate calcium
malabsorption.
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Item 60 Answer: A

Educational Objective: Diagnose the cause of
acute adrenal insufficiency.

This patient most likely has an adrenal hemorrhage. Acute
adrenal insufficiency can result from hemorrhage (sponta-
neous, after trauma or anticoagulation), emboli (atrial fib-
rillation), and sepsis (particularly secondary to meningo-
coccemia). Patients typically have abdominal, back, or
flank pain; hypotension; fever; and nausea and vomiting.
The diagnosis also is suggested by the laboratory findings
of hyponatremia, hyperkalemia, and a low hematocrit. This
patient developed flank pain, hypotension, nausea, fatigue,
and dizziness 2 weeks after knee replacement surgery, and
her physical examination and laboratory findings include
orthostatic changes in her blood pressure and pulse,
hyponatremia, hyperkalemia, and a low hematocrit. Of
note, she has been receiving an anticoagulant since
surgery, which most likely caused bleeding. After blood
samples are drawn for measurement of cortisol and
adrenocorticotropic hormone levels, she should be treated
immediately for adrenal insufficiency with hydrocortisone
and intravenous fluids. Abdominal CT and additional lab-
oratory testing can be performed at a later stage, if neces-
sary, to confirm the diagnosis.

Although gastrointestinal bleeding could explain the
paticnt’s hypotension, fatigue, and anemia, it does not
explain the rest of her clinical and electrolyte findings.

Similarly, neither a narcotic overdose nor septic shock
explains the sudden onset of flank pain, anemia, hypona-
tremia, and hyperkalemia.

® A decreasing hematocrit, hypotension,
hyponatremia, hyperkalemia, and acute onset
of abdominal, back, or flank pain suggest
adrenal insufficiency secondary to an adrenal
hemorrhage.
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Item 61 Answer: C

Educational Objective: Diagnose hypothyroidism
in a critically ill patient.

This patient most likely has hypothyroidism, which is
strongly suggested by his exceedingly high serum thyroid-
stimulating hormone (TSH) level and his low free thyroxine
(T,) and rotal triiodothyronine (T;) levels. Additionally, he
has been taking amiodarone, which causes hypothyroidism in
approximately 10% of North Americans who take it chroni-
cally and hyperthyroidism in approximately 1%. Although the
role that this patient’s hypothyroidism is playing in his med-
ical condition cannot be determined with certainty, judicious
administration of exogenous levothyroxine may help his gen-
eral metabolism, his ability to respond beneficially to cortico-
steroids, and his hypotension.

Adrenal insufficiency alone is an unlikely explanation for
this patient’s laboratory test results and clinical presentation.
The patient’s random serum cortisol level is not consistent
with frank adrenal insufficiency, and his TSH level is elevated.
Adrenal insufficiency is rare in critically ill patients but must
be considered in those with septic shock, who may develop
severe, protracted hypotension that is not responsive to stan-
dard therapy. Most of these patients have elevated serum total
and free cortisol levels. A recent study showed that hydro-
cortisone therapy (300 mg/d) given to patients with septic
shock did not influence mortality but resulted in a faster
reversal of shock. Such therapy is not directed at treating an
adrenal dysfunction, but rather at controlling the associated
overwhelming inflammatory response.

Nonthyroidal illness can alter the results of thyroid
function tests, an effect referred to as euthyroid sick syn-
drome, which is more common in critically ill patients. The
mechanisms by which nonthyroidal illness cause thyroid
function test abnormalities are unknown but could relate to
the systemic release of multiple cytokines. However, the
serum TSH level is not expected to increase to greater than
10 microunits/mL (10 milliunits /L) in a patient with non-
thyroidal illness, except perhaps in the recovery phase of a
serious illness. This patient is acutely and seriously ill, is not
in the recovery phase of a serious illness, and has a TSH
level of 16 microunits/mL (16 milliunits/L).

A TSH-secreting pituitary tumor is typically associated
with inappropriately elevated serum free T, and total T
levels; this patient’s levels are low.

o Hypothyroidism is characterized by an elevated
thyroid-stimulating hormone level in the set-
ting of low triiodothyronine (T,) and thyroxine
(T,) levels and is a common side effect of amio-
darone therapy.
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Item 62 Answer: D

Educational Objective: Diagnose hyperandro-
genism in a patient with a neoplasm.

The most appropriate next diagnostic test is transvaginal
ultrasonography to examine this patient’s ovaries. Her his-
tory and physical examination findings are consistent with
hyperandrogenism. Her total testosterone level is elevated,
and her dehydrocpiandrosterone sulfate (DHEAS) level is
normal. In healthy women, the ovaries and adrenal glands
contribute equally to testosterone production. However, a
testosterone level greater than 200 ng/dL (6.9 nmol /L) in
a woman with rapid onset of hyperandrogenic symptoms
(increased hirsutism in a short period of time and clit-
oromegaly) suggests an ovarian neoplasm, which is best
diagnosed with a transvaginal ultrasound.

Dehydroepiandrosterone is produced primarily in the
adrenal glands and is sulfated in the adrenal glands, liver, and
small intestine to become DHEAS. Levels greater than 7.0
micrograms/mL (18.9 micromoles/1.) strongly suggest an
adrenal source of androgens. In this patient, whose DHEAS
level is only 2.9 micrograms,/mL (7.8 micromoles /L), imag-
ing of the adrenals would be the next step only if the trans-
vaginal ultrasound showed no ovarian neoplasm.

A free testosterone measurement is not needed
because this patient’s history and physical examination find-
ings do not suggest an abnormality in her sex
hormone-binding globulin level that would make the total
testosterone meastrement suspect.

Because elevated androgen levels in women have either
an ovarian or an adrenal source, a pituitary MRI would not
be useful in this patient.

e In a woman with rapid onset of hyperandro-
genic symptoms, especially if her testosterone
level is greater than 200 ng/dL (6.9 nmol/L),
an ovarian neoplasm is likely and is best diag-
nosed with a transvaginal ultrasound.
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Item 63 Answer: A

Educational Objective: Treat a hospitalized
patient who has diabetes mellitus with basal insulin.

This patient should begin receiving insulin glargine (once
daily) and insulin aspart (before each meal) after surgery. A
patient with long-standing type 1 diabetes mellitus makes
no endogenous insulin and needs a flexible insulin regimen
that includes half his daily requirements as a basal insulin
(such as insulin glargine) and the rest as boluses of rapid-
acting insulin (such as insulin aspart) before meals.
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Neither intravenous nor subcutancous insulin infu-
sions are necessary in this patient, and both would likely
require his transfer to the intensive care unit for safe
administration.

Given his unpredictable levels of activity and eating
while in the hospital, restoring the patient’s previous out-
patient dosage of premixed insulin is inappropriate.

A sliding scale that does not include basal insulin and
does not begin insulin administration unless the blood glu-
cose level is at or above 150 mg/dL (8.3 mmol/L) will
cause wide swings from hyperglycemia to hypoglycemia
and thus is inappropriate treatment for this patient.

® A sliding scale insulin regimen that includes no
basal insulin is inappropriate for a hospitalized
patient with diabetes mellitus.
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Item 64 Answer: A

Educational Objective: Treat a
macroprolactinoma.

This patient has a macroprolactinoma, and administration
of a dopamine agonist, such as cabergoline, is indicated as
the initial treatment. Hyperprolactinemia can cause galact-
orrhea, oligomenorrhea, and amenorrhea in pre-
menopausal women; erectile dysfunction in men; and
decreased libido, infertility, and osteopenia in both sexes.
Large tumors also may cause mass effects, which are often
the presenting feature in men and postmenopausal women.
This patient has amenorrhea and galactorrhea in the setting
of a markedly elevated serum prolactin level. The MRI
shows a pituitary mass greater than 1 cm that extends to the
optic chiasm. These radiographic findings are consistent
with a macroprolactinoma with chiasmal compression. The
visual field examination indicates that the mass is not cur-
rently compressing the chiasm to the point of visual loss.
Dopamine agonists normalize prolactin levels, correct
amenorrhea and galactorrhea, and decrease tumor size by
more than 50% in 80% to 90% of patients. They are used as
first-line therapy, unless visual field loss is significant and
progressive. Even with mild visual loss, dopamine agonists
are usually used as first-line treatment. Cabergoline is gen-
erally more efficacious and better tolerated, although more
expensive, than bromocriptine,

An oral contraceptive agent will replace gonadal
corticosteroids and lead to menstruation but will not
reduce tumor size. Simple replacement of estrogen with
oral contraceptives is inappropriate therapy in this patient
but may be preferable treatment in women with idio-
pathic hyperprolactinemia or microprolactinomas who
do not desire fertility but are estrogen deficient. Because
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prolactinomas have estrogen receptors, tumor growth
resulting from estrogen replacement therapy is possible.
However, with the dosages routinely used in oral contra-
ceptives, this growth is very uncommon.

Surgery is appropriate only in patents with resistance
or intolerance to dopamine agonists, with a primarily cystic
tumor, or with acute and unstable deterioration of vision.
Radiation therapy, including stereotactic radiosurgery, is
used even less commonly for prolactinomas but is indicated
for macroprolactinomas that do not respond to cither med-
ical or surgical treatment.

* In a patient with a macroprolactinoma, admin-
istration of a dopamine agonist, such as caber-
goline, is indicated as the initial treatment.
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Item 65 Answer: B

Educational Objective: Treat profound hypo-
glycemia in an older patient.

This patient with probable hypoglycemia should have a
fingerstick measurement of her blood glucose level. Older
patients who take sulfonylureas with long half-lives can
have high drug levels in their blood because of decreased
clearance, which results in profound and prolonged hypo-
glycemia. Hypoglycemia should be suspected in any
patient with diabetes who has focal neurologic signs and is
sweating. The fact that her average hemoglobin A, level
is well below 7.0% further indicates an increased risk for
hypoglycemia. Additionally, the patient has not been ecat-
ing and drinking adequately since her amputation, which
also can contribute to the development of hypoglycemia.
Hypoglycemia can cause various neurologic findings,
including coma and hemiplegia. The most immediate step
is to measure her blood glucose level and, if hypoglycemia
is present, treat her with glucose to prevent permanent
neurologic disability.

This patient has a slight fever but not enough evidence
of septicemia to justify starting empiric antibiotic therapy
with vancomycin and ceftriaxone. Additionally, septicemia
is unlikely to be the cause of a left hemiplegia.

If the patient does not have hypoglycemia, alternative
diagnoses can be considered, including stroke. In patients
with stroke, a noncontrast head CT to exclude intracerebral
hemorrhage is necessary before the administration of
thrombolytic drugs, such as recombinant tissue plasmino-
gen activator, However, hypoglycemia should first be
excluded as a diagnosis before a head CT or thrombolytic
administration.



KEY POINT

® Older patients who take sulfonylureas with
long half-lives can develop profound hypo-
glycemia, which can be reversed by an infusion
of glucose.
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Item 66 Answer: D

Educational Objective: Treat a multinodular
goiter.

This patient should undergo thyroidectomy. In iodine-suf-
ficient areas of the world, multinodular goiter is an idio-
pathic condition characterized by both solid and partially
cystic thyroid nodules that is more common in older per-
sons. Over time, the goiter generally grows and may require
treatment. Fine-needle aspiration biopsy is used to exclude
cancer in this generally benign condition and has excluded
it in this patient. However, goiter growth can lead to
impingement of the goiter on the trachea, esophagus, or
recurrent laryngeal nerve and result in dyspnea, stridor,
chronic cough, a sensation of fullness or pressure, dyspha-
gia, or hoarseness. Hyperthyroidism also may develop if
one (or more) of the nodules becomes autonomous and
large enough to produce sufficient thyroid hormone to
suppress thyroid-stimulating hormone (TSH) and render
the patient thyrotoxic. This patient’s recent symptoms are
most likely due to impingement. Therefore, thyroid surgery
is indicated because the local compressive symptoms are
prominent and clinically significant.

No evidence of the effectiveness of external-beam radi-
ation therapy for benign thyroid disease has been shown,
which makes the therapy inappropriate in this patient.

Levothyroxine will further suppress the TSH level and
may render the patient thyrotoxic. The previous practice of
giving patients levothyroxine to shrink thyroid nodules has
been abandoned because of its inefficacy and the morbidi-
ties associated with iatrogenic thyrotoxicosis.

Methimazole is a thicamide drug used to treat hyper-
thyroidism. Although this patient has a low-normal TSH
level, she is not frankly thyrotoxic. Therefore, treating her
with an antithyroid medication is unnecessary and will have
no effect on goiter size.

In select circumstances, radioactive iodine (!3'T) can
be used to modestly decrease the size of a multinodular
goiter but is not a first-line option in the United States,
except in patients with thyrotoxicosis due to autonomous
function. In a patient with a suppressed TSH level, this
therapy will preferentially address the hyperfunctioning
arcas and spare those regions not visualized on imaging.
As a result, the ultimate effect on goiter size may be
unpredictable.

Answers and Critiques

KEY POINT )

e In patients with impingement of a multinodu-
lar goiter on the trachea, esophagus, or recur-
rent laryngeal nerve, a thyroidectomy is indi-
cated if local compressive symptoms are
prominent and clinically significant.

Bibliography

Bahn RS, Castro MR. Approach to the patient with nontoxic multin-
odular goiter. ] Clin Endocrinol Metab. 2011;96(5):1202-1212.
[PMID: 21543434]

Item 67 Answer: A

Educational Objective: Treat painful diabetic
neuropathy.

This patient should be treated with desipramine. He is
experiencing an acute episode of painful diabetic neuropa-
thy that developed after a period of poor glycemic control.
This disorder involves acute segmental demyelination in the
peripheral sensory nerves. Remyelination and recovery can
oceur if excellent glycemic control (hemoglobin A, level
<7.0%) is established and maintained for several months.
Relief of symptoms often is obtained by administering a
low-dose tricyclic antidepressant, such as desipramine; top-
ical application of capsaicin cream is also appropriate.

Fluoxetine and other selective serotonin reuptake
inhibitors are ineffective for treating painful diabetic neu-
ropathy and should not be used in this patient.

Nerve conduction studies might show marked slowing
of nerve conduction, and a sural nerve biopsy would confirm
the presence of segmental demyelination. These diagnostic
tests, however, are unnecessary in a patient in whom the diag-
nosis of acute painful diabetic neuropathy is so likely, given his
compatible history and physical examination findings.

Starting a potentially addictive and dangerous drug
(such as oxycodone), especially when used for prolonged
periods, is inappropriate therapy for a condition that may
well be self-limiting,.

» Symptoms of painful diabetic neuropathy can
be treated with a low-dose tricyclic antidepres-
sant and topical application of capsaicin cream.
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Item 68 Answer: D

Educational Objective: Diagnose thyroid
lymphoma.

This patient most likely has primary thyroid lymphoma. A
benign goiter would not grow this rapidly and is unlikely to
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be associated with local symptoms. Thyroid lvmphoma
occurs most frequently in older patients who have a history
of Hashimoto thyroiditis. Primary thyroid lymphoma typ-
ically presents as an enlarging neck mass, often with evi-
dence of local compression of adjacent structures (such as
dysphagia, hoarseness, stridor, jugular vein distention, and
facial edema) and systemic symptoms (“B” symptoms) of
lymphoma (such as fever, weight loss, and night sweats). A
thyroid fine-needle aspiration (FNA) biopsy can suggest the
diagnosis, but a core-needle or excisional biopsy is often
needed to establish the diagnosis of lymphoma. Most pri-
mary thyroid lymphomas are mucosa-associated lymphoid
tumors and respond to systemic chemotherapy. This
patient’s distended bilateral cervical neck veins suggest
obstruction at the level of the thoracic inlet (that is, the thy-
roid gland).

Bleeding into the thyroid gland is unlikely because the
gland is firm on physical examination, without any evidence
of fluctuance, and the thyroid ultrasound shows heteroge-
neous echotexture rather than a cystic mass. Additionally,
the patient has Hashimoto thyroiditis (which can predis-
pose to lymphoma), has no history of neck trauma, and was
not taking an anticoagulant medication.

With medullary and papillary thyroid cancers, the thy-
roid gland most likely would contain specific thyroid nod-
ules. These cancers generally grow relatively slowly.

* Thyroid lymphoma occurs most frequently in
older patients with a history of Hashimoto
thyroiditis and typically presents as an enlarg-
ing neck mass, often with local and systemic
symptoms.
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Item 69 Answer: B

Educational Objective: Manage hypopituitarism
associated with Sheehan syndrome.

This patient should receive hydrocortisone as initial treat-
ment. Given her low morning serum cortisol level, this
patient has adrenal insufficiency, which makes immediate
glucocorticoid therapy with hydrocortisone the most
appropriate treatment. Her history and biochemical find-
ings are consistent with hypopituitarism due to Sheehan
syndrome, which involves pituitary infarction or hemor-
rhage in the setting of a complicated delivery, particularly
one associated with significant blood loss and hypotension.
The patient has no history suggestive of a preexisting pitu-
itary lesion, so the pituitary insult most likely occurred at
delivery. Nevertheless, pituitary imaging is appropriate to
assess for a sellar mass. The cardinal signs of hypopituitarism
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due to Shechan syndrome are subacute, progressive
hypopituitarism; an inability to lactate because of prolactin
deficiency; and amenorrhea. Central adrenal insufficiency is
the primary cause of mortality in Shechan syndrome.

Although loss of anterior pituitary hormones is com-
mon, the development of diabetes insipidus is rare in Shee-
han syndrome. Additionally, the patient’s clinical and labo-
ratory findings are not consistent with this diagnosis.
Therefore, arginine vasopressin replacement therapy is not
indicated.

The hyponatremia in this patient is likely related to the
hypopituitarism, and the serum sodium level should nor-
malize with pituitary hormone replacement. The hypona-
tremia is not severe enough or sufficiently symptomatic to
warrant aggressive management with hypertonic saline.

This patient could have central hypothyroidism. If her
serum free thyroxine level is low, despite her normal serum
thyroid-stimulating hormone level, levothyroxine should
be administered. However, thyroid hormone replacement
is not urgent because she does not have signs of severe
hypothyroidism. Therefore, the diagnosis and management
of central hypothyroidism should wait until after her
adrenal insufficiency is treated with glucocorticoid replace-
ment therapy.

* Patients with Shechan syndrome and adrenal
insufficiency should receive immediate gluco-
corticoid therapy because central adrenal insuf-
ficiency is the primary cause of mortality in
Sheehan syndrome.
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Item 70 Answer: D

Educational Objective: Manage fasting hypo-
glycemia in a patient without diabetes mellitus.

This patient should undergo a psychiatric evaluation. In a
person without diabetes mellitus who has laboratory-doc-
umented hypoglycemia, the finding of an inappropriately
high serum insulin level and a suppressed serum C-peptide
level suggests that the hypoglycemia is due to an exoge-
nous injection of insulin. Some patients with psychiatric
issues (such as a history of depression) engage in the use
of hypoglycemic agents prescribed to others, frequently as
an attention-secking behavior. Given her mother’s diabetic
treatment, she has ready access to both insulin and an oral
hypoglycemic agent, and her negative sulfonylurea screen
indicates that glyburide is not the causative agent. A psy-
chiatric evaluation is critical in establishing a diagnosis and
developing a treatment plan to address her dangerous
behavior.



Although abdominal CT is an eftective means of
detecting the presence of an insulinoma, her laboratory
study results are inconsistent with endogenous insulin
secretion from an insulinoma. If she had an insulinoma,
both serum insulin and C-peptide levels would be inappro-
priately high in the presence of hypoglycemia.

An octreotide scan may be helpful in detecting and
localizing primary and metastatic neuroendocrine tumors.
Octreotide scanning is particularly useful in diagnosing spe-
cific tumors of neural crest origin, particularly neoplasms
that express increased levels of somatostatin receptors, such
as carcinoid tumors. This study may also have a role in
localizing insulin-secreting tumors that are not visible on
usual studies (MRIs or CT scans). However, in this patient
with a low suspicion for insulinoma, an octreotide scan
would not be an appropriate initial study.

Altered gastric emptying, particularly in persons with
surgical changes in the stomach and proximal small bowel
(as occur with some forms of bariatric surgery), may cause
clinical symptoms consistent with relative hypoglycemia
(late dumping syndrome ). However, this is rarely associated
with clinically significant hypoglycemia in an otherwise
healthy person. Without a history of altered gastrointestinal
anatomy or an underlying disease that might lead to abnor-
mal gastric function (such as diabetes), a gastric emptying
study is not indicated.

¢ In a person without diabetes mellitus who has
laboratory-documented hypoglycemia, the find-
ing of an inappropriately high serum insulin
level and a suppressed C-peptide level suggests
that the hypoglycemia is due to an exogenous
injection of insulin.
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Item 71 Answer: C

Educational Objective: Manage an asymptomatic
incidental adrenal mass.

This patient should have repeat testing in 6 to 12 months.
She has an incidentally discovered 2.5-cm adrenal mass
with no clinical or biochemical features indicating excess
hormonal secretion of glucocorticoids, mineralocorticoids,
or adrenal androgens by the adrenal cortex or of cate-
cholamines by the medulla. Neither the size (<4 cm) nor
the imaging characteristics (an attenuation <20 Hounsfield
units) of this adrenal mass suggest possible malignancy.
Therefore, observation and repeat testing in 6 to 12
months would be the most appropriate management.
Incidentally discovered adrenal masses are a common
finding on imaging obtained for other purposes. Routine

Answers and Critiques

evaluation is assessment of possible malignancy based on
the size of the lesion and other radiographic findings
(including shape, homogeneity, attenuation, and contrast
washout) and of possible biochemical function. Clinical evi-
dence of a possible functional lesion should be sought,
including evidence of hypertension, electrolyte abnormali-
ties, or glucocorticoid excess. In the carly stages of their dis-
case, some patients with pheochromocytoma or Cushing
syndrome may have no obvious clinical manifestations.
Thus, all patients with incidental adrenal masses should be
screened for those two entities, and those who also have
hypertension should be screened for hyperaldosteronism.
Pheochromocytoma usually is evaluated with a 24-hour
urine collection of catecholamines and Cushing syndrome
with a low-dose dexamethasone suppression test. Screening
for hyperaldosteronism involves determining the ratio of
serum aldosterone to plasma renin activity.

Because this padent is not hypertensive and has no
clinical or biochemical evidence of excess catecholamine
secretion, a pheochromocytoma is unlikely. Therefore, a
metaiodobenzylguanidine{ MIBG) scan is neither war-
ranted nor necessary.

Similarly, obtaining an MRI in this patient who already
had a CT scan would offer no additional diagnostic infor-
mation and thus would be unwarranted.

This asymptomatic patient who has a nonfunctioning
2.5-cm adrenal mass with unremarkable imaging charac-
teristics also has no indications for surgical intervention.

e Incidentally discovered adrenal masses that are
small, are associated with no clinical or bio-
chemical features suggestive of excess hormonal
secretion, and have no imaging features sugges-
tive of possible malignancy should be followed
with observation and repeat testing in 6 to 12
months.

Bibliography

Nieman LK. Approach to the patient with an adrenal incidentaloma.
] Clin Endocrinol Merab. 2010;95(9):4106-4113. [PMID:
20823463]

Item 72 Answer: D
Educational Objective: Diagnose thyroid storm.

This patient most likely is experiencing thyroid storm,
which is an exaggerated state of thyrotoxicosis. Although
some overlap exists, thyroid storm can be differentiated
from other forms of thyrotoxicosis by the presence of tem-
perature elevation, significant tachycardia, heart failure,
abdominal discomfort, diarrhea, nausca, vomiting, and
(sometimes) jaundice. Neurologically, agitation and disori-
entation can occur. Serum free thyroxine (T,) and serum
triiodothyronine (T,) levels are elevated in both thyrotoxi-
cosis and thyroid storm, but generally more so in thyroid
storm. Thyroid storm most commonly occurs in patients
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who have untreated hyperthyroidism or are not adherent to
their treatment regimen for the disorder but may be pre-
cipitated by surgery, trauma, or administration of radio-
contrast agents with significant amounts of iodine, Treat-
ment typically consists of a combination of antithyroid
drugs (propylthiouracil or methimazole), iodine solution,
high-dose corticosteroids, B-blockers, and (rarely) lithium.
Even with aggressive therapy and supportive measures,
mortality rates are as high as 15% to 20%.

Euthyroid sick syndrome does not cause these symp-
toms and signs of hyperthyroidism or these elevations in
free T, and total T} levels. Furthermore, this patient’s his-
tory of Graves disease makes euthyroid sick syndrome an
unlikely diagnosis.

Myxedema coma is another life-threatening thyroid
emergency characterized by the combination of mental sta-
tus changes, hypothermia, hypoventilation, and hypona-
tremia in a patient whose clinical picture is consistent with
hypothyroidism. This patient’s T, and T, levels are
markedly elevated, which excludes the diagnosis of
hypothyroidism, and he is hyperthermic, not hypothermic.

Subacute (de Quervain) thyroiditis entails transient
destruction of thyroid tissue, which leads to disruption of
follicles and release of preformed thyroid hormone into the
circulation that may initially cause hyperthyroidism and
eventually may result in hypothyroidism. Subacute thy-
roiditis is thought to occur after a viral infection and usu-
ally involves thyroid tenderness, which this patient does not
have. In addition, this patient is critically ill from his hyper-
thyroidism, which is unusual in subacute thyroiditis.

* Thyroid storm can be differentiated from other
forms of thyrotoxicosis by the presence of tem-
perature elevation, significant tachycardia, heart
failure, abdominal discomfort, diarrhea, nau-
sea, vomiting, and (sometimes) jaundice.
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Item 73 Answer: A

Educational Objective: Counsel a woman about
the risks of gestational diabetes mellitus.

This patient’s infant has an increased risk of childhood obe-
sity. Gestational diabetes mellitus is hyperglycemia occur-
ring during pregnancy and is typically identified in the sec-
ond trimester. This disorder represents the inability of a
woman’s beta cells to adequately compensate for the de gree
of insulin resistance associated with various placenta-
derived factors. The diagnosis of gestational diabetes is usu-
ally made on the basis of an oral glucose tolerance test,
although no consensus exists at this time on the diagnos-
tic thresholds. It has been recently recognized that the
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offspring of mothers who have prepregnancy obesity and
develop gestational diabetes during pregnancy are at
increased risk for childhood obesity. The reason for this is
not clear but may involve a combination of genetic factors
and maternal imprinting of genes during intrauterine life.

Women with gestational diabetes are likely to develop
the disorder during future pregnancies and are at increased
risk for type 2 diabetes later in life, with some estimates
placing the risk of the latter as high as 50% over 10 years.

Several genetic syndromes that are collectively known
as maturity-onset diabetes of the young (MODY) develop
carly in life (teens to early 20s). The pattern of inheritance
is autosomal dominant. Several described subtypes of
MODY are associated with specific genetic defects in
enzymes or transcription factors affecting beta-cell function
but not with gestational diabetes.

Type 1 diabetes mellitus mainly affects lean children,
teenagers, and young adults, The disorder is characterized
by absolute insulin deficiency from selective autoimmune
destruction of insulin-secreting pancreatic beta cells. In
type 1A diabetes, one or more autoantibodies directed
against the beta cells or their products (such as anti-glu-
tamic acid decarboxylase, anti-islet cell autoantigen 512,
and anti-insulin antibodies) usually can be detected. Type
IB diabetes is idiopathic, has no autoimmune markers, and
occurs more commonly in persons of Asian or African
descent. Neither type 1A nor type 1B diabetes is associated
with gestational diabetes.

* The offspring of mothers with prepregnancy
obesity and gestational diabetes mellitus are at
increased risk for childhood obesity.
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Item 74 Answer: C
Educational Objective: Diagnose acromegaly.

This patient’s historical and clinical findings suggest a diag-
nosis of acromegaly, and this diagnosis should be confirmed
by measurement of the serum insulin-like growth factor 1
(IGF-1) level. Acromegaly is due to hypersecretion of
growth hormone (GH) and is most commonly caused by a
pituitary adenoma. High GH levels stimulate the liver to
produce excess IGF-1, and both GH and IGF-1 circulate
in the blood, causing the systemic effects of acromegaly.
IGF-1 is an integrated measure of GH secretion, and thus
measuring the serum IGF-1 level is the single best test for
making the diagnosis of acromegaly. A normal serum IGE-
I level rules out acromegaly.

An MRI can show a pituitary adenoma but cannot
diagnose acromegaly. After the diagnosis has been



established, however, an MRI is necessary to determine the
size and location of the pituitary adenoma.

GH is usually secreted episodically in pulses. There-
fore, a single random measurement of the serum GH level
is not useful in diagnosing acromegaly. GH hypersecretion
is autonomous in acromegaly, and GH levels are not sup-
pressible by hyperglycemia, as they normally would be. An
oral glucose tolerance test also can be useful in establishing
a diagnosis in a patient in whom the diagnosis of
acromegaly is not clear.

Although prolactin often is cosecreted by GH-pro-
ducing tumors, measuring the serum prolactin level is not
useful in making the diagnosis of acromegaly because it is
neither sensitive nor specific for the disease.

e Insulin-like growth factor 1 (IGF-1) is an inte-
grated measure of growth hormone secretion,
and thus measuring the serum IGF-1 level is
the single best test for making the diagnosis of

acromegaly.
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Item 75 Answer: C

Educational Objective: Manage hypocalcemia in
a malnourished patient with alcoholism.

This patient should next have his serum magnesium level
measured. He has a history of chronic alcohol abuse and
serum chemistry results that are notable for hypocalcemia.
Evidence of tetany and a corrected QT interval prolonga-
tion are indications for aggressive intravenous repletion of
calcium. In this patient with alcohol abuse and sympto-
matic hypocalcemia, hypomagnesemia should be suspected.
Hypomagnesemia in the setting of severe hypocalcemia
should be treated promptly with intravenous magnesium to
help increase serum calcium levels and prevent ventricular
arrhythmias. In addition, hypomagnesemia can impair the
ability to increase serum calcium levels because low levels of
magnesium inhibit parathyroid hormone (PTH) secretion
and induce resistance to PTH. Therefore, in addition to
increasing the patient’s serum calcium level, treatment of
his hypomagnesemia is essential to restore normal parathy-
roid function.

Measurement of the serum calcitonin level is typically
not helpful in the assessment of hypocalcemia because cal-
citonin plays only a minor role in calcium homeostasis in
humans.

This patient most likely is vitamin D deficient because
of poor nutrition associated with his alcohol abuse.

Answers and Critiques

Measurement of the serum 1,25-dihydroxyvitamin D level
is unlikely to provide useful information regarding the exact
cause of his hypocalcemia, and, in any case, measurement
of the serum 25-hydroxyvitamin D level would be the more
appropriate test.

The serum PTH level most likely would be inappro-
priately low in this patient as a result of his chronic alco-
hol abuse and hypocalcemia. Measuring this level is thus
unnecessary.

KEY POINT

* Hypomagnesemia in the setting of severe
hypocalcemia should be treated promptly
with intravenous magnesium to help increase
serum calcium levels and prevent ventricular

arrhythmias.
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Item 76 Answer: C

Educational Objective: Diagnose postexercise
hyperglycemia.

This patient’s significantly increased blood glucose level
after running most likely results from baseline hypoinsu-
linemia exacerbated by the physiologic changes associated
with prolonged exercise, such as stimulation of hepatic glu-
cose release. A patient who has had type 1 diabetes melli-
tus for more than 20 years, including one episode of dia-
betic ketoacidosis, will be completely insulin deficient.
Although long-acting, the treatment effect of insulin
detemir does not always last a full 24 hours. The fact that
his blood glucose level was 215 mg/dL (11.9 mmol /L) at
bedtime the night before his run and was even higher the
next morning before exercise suggests that he had low lev-
els of insulin present in his system during the night and
before starting his run. This hypoinsulinemia most likely
triggered increased hepatic gluconcogenesis. In the absence
of sufficient plasma insulin, the glucose could not be
absorbed by the muscles and other tissues, and his blood
glucose level continued to increase. Appropriate treatment
is to adjust his insulin regimen to ensure adequate insulin
replacement before running to minimize the expected
physiologic changes associated with exercise.

Excess carbohydrate intake in the evening would
likely contribute to his noted elevated bedtime and pre-
exercise blood glucose levels but would not indepen-
dently account for the significant rise in his blood glucose
level after exercise.

Although this patient may have some degree of gas-
troparesis given the duration of his diabetes, this disorder is
an unlikely explanation for an increased blood glucose level
12 hours or more since he last ate.
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Early morning blood glucose elevations may occur in
response to the nocrurnal hypoglycemia associated with
diabetes therapy. Although this patient had an elevated
morning blood glucose level before running, his bedtime
measurement also was elevated, and he took no additional
insulin beyond his single dose of long-acting insulin the
morning before. Therefore, nocturnal hypoglvcemia is
unlikely to be the cause of this patient’s exercise-associated
hypoglycemia.

KEY POINT

* Hypoinsulinemia causes increased hepatic glu-
cose output and decreased peripheral glucose
uptake, which results in a higher blood glucose
level and, ultimately, a higher hemoglobin AL
value; prolonged exercise, which further stimu-
lates hepatic glucose release, exacerbates this
condition.
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Item 77 Answer: A

Educational Objective: Diagnose the cause of
primary ovarian insufficiency.

Obtaining a karyotype is the most appropriate next diagnos-
tic test because this patient has primary ovarian insufficiency,
and Turner syndrome must be excluded as the cause. Pri-
mary ovarian insufficiency can be diagnosed because she has
two clevated follicle-stimulating hormone (FSH) levels in the
setting of amenorrhea. If evidence of Turner syndrome is
found, the associated estrogen deficiency must be treated.
Turner syndrome is associated with several cardiovascular
malformations, including aortic valve disease, aortic dilaton,
and aortic coarctation; renal malformations, most commonly
horseshoe kidney; and autoimmune disorders, such as thy-
roid discase. Therefore, cardiac imaging and kidney ultra-
sonography often are recommended for patients with Turner
syndrome. Patients with Turner syndrome with mosaicism
may have several years of normal menses before entering
menopause. Turner syndrome can be associated with a short
stature, stocky build, square chest, and webbed neck. This
patient’s short stature is the only physical examination find-
ing consistent with Turner syndrome.

Pelvic ultrasonography is unlikely to be useful in this
padent. The elevated FSH level indicates that the amenorrhea
is due to decreased estradiol production from the ovaries.

A progesterone challenge test is useful when trying to
determine whether a patient is in a normal or low estrogen
state. Laboratory studies and clinical symproms already
have shown that this patient is in a low estrogen state, and
a progesterone challenge test would not provide any addi-
tional information.
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Measuring this patient’s serum estradiol level will not
add any additional information because the elevated FSH
level indicates a low estrogen state.

KEY POINT

¢ In a woman with primary ovarian insufficiency,
Turner syndrome must be excluded as the cause
by obtaining the patient’s karyotype.
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Item 78 Answer: B
Educational Objective: Treat hyperthyroidism in
pregnancy.

This patient should receive propylthiouracil. The symp-
toms, clinical findings, and presence of vitiligo suggest that
she has autoimmune Graves hyperthyroidism and not ges-
tational thyrotoxicosis. The hyperthyroidism is more severe
in Graves hyperthyroidism than in gestational thyrotoxico-
sis and often is associated with a significantly enlarged thy-
roid gland, as in this patient. Although evidence of oph-
thalmopathy is lacking, this finding is not uncommon in
Graves hyperthyroidism. Her thyroid-stimulating antibody
and thyroid peroxidase antibody levels also are elevated,
albeit minimally, which is consistent with this diagnosis.

Although mild hyperthyroidism in pregnancy may not
require treatment, this patient has significant signs and symp-
toms and moderately elevated thyroid function test results,
Untreated hyperthyroidism is associated with an increased risk
of miscarriage, fetal growth retardation, premature delivery,
and preeclampsia. The presence of maternal thyroid-stimulat-
ing antibodies also places the fetus at increased risk for neona-
tal hyperthyroidism, which can be life threatening, The most
appropriate treatment is an antithyroid drug. A recent con-
sensus conference suggested that propylthiouracil should be
used in the first trimester of pregnancy in patients with Graves
hyperthyroidism who require treatment and thar methima-
zole be substituted in the second and third trimesters.

Methimazole is associated with an increased risk of
fetal abnormalities, such as aplasia cutis and choanal atresia,
when used in the first trimester. After fetal organogenesis is
complete, methimazole should be used. Methimazole is the
antithyroid agent of choice except in the first trimester of
pregnancy, in the presence of an allergy to methimazole, or
in some cases of thyroid storm. Propylthiouracil is associ-
ated with a higher risk of severe hepatotoxicity than methi-
mazole. Close monitoring of pregnant women treated
with antithyroid agents is required, as is periodic fetal thy-
roid ultrasonography.

Thyroidectomy is indicated in patients with a toxic
adenoma, a toxic multinodular goiter, or a large malignant
thyroid nodule but is not warranted in this patient with
Graves hyperthyroidism.



Because of the already cited risks of untreated hyper-
thyroidism in pregnancy, reassurance is inadequate as initial
treatment for this patient.

KEY POINT

e In pregnant women, untreated hyperthy-
roidism is associated with an increased risk of
miscarriage, fetal growth retardation, prema-
ture delivery, and preeclampsia.
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Item 79 Answer: C

Educational Objective: Manage delayed hypo-
glycemia in a patient with type 1 diabetes mellitus.

This patient should cat complex carbohydrates (at least 45
grams) at bedtime on evenings of vigorous exercise. He
developed severe hypoglycemia several hours after playing
basketball for 3 hours, drinking, and not cating before bed-
time. Vigorous exercise depletes the muscles’ glycogen
stores. Although his blood glucose level was 163 mg/dL
(9.0 mmol /L) just before he went to bed, his muscles con-
tinued to extract glucose from the blood for several hours
to replenish their glycogen stores. The alcohol in his system
inhibited the liver’s ability to release glucose into the
blood, and thus his plasma glucose level decreased severely
while he was asleep. A substantial snack containing complex
carbohydrates before bedtime would have been absorbed
over several hours and thereby prevented hypoglycemia.

It is neither reasonable nor necessary to advise a fit
young man with diabetes to avoid exercising in the evening.

Even light beer contains enough alcohol to inhibit
hepatic glucose output. Ifhe is willing to make the change, he
should be advised to drink no alcohol on evenings of vigor-
OUs exercise.

Although omitting the insulin aspart dose might be
reasonable, stopping both forms of insulin would be a poor
choice. Doing so would cause his plasma glucose level to
increase because of hypoinsulinemia. His plasma glucose
level most likely would be extremely high by bedtime and
cven higher the following morning,.

e In a patient with diabetes mellitus, vigorous exer-
cise should be followed by consumption of com-
plex carbohydrates to avoid hypoglycemia, espe-
cially when the exercise occurs in the evening.
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Item 80 Answer: A
Educational Objective: Treat hypopituitarism.

Glucocorticoid therapy should be started in this patient to
prevent progressive adrenal insufficiency. He has hypopitu-
itarism, given the findings of testosterone deficiency and
central hypothyroidism (low serum free thyroxine and
inappropriately normal serum thyroid-stimulating hor-
mone levels). The MRI shows a suprasellar mass. Neoplas-
tic lesions, particularly pituitary adenomas, cause hypopitu-
itarism by direct compression of the normal pituitary gland
or by disruption of the pituitary stalk. Surgery is the pri-
mary mode of therapy for tumors that warrant interven-
tion. This patient’s serum cortisol value is low normal,
which suggests tenuous adrenal reserve. After thyroid hor-
mone replacement therapy is initiated, accelerated metabo-
lism of endogenous cortisol occurs, with induction of pro-
gressive central adrenal insufficiency. In a patient with
central hypothyroidism, adrenal reserve should be evalu-
ated; if found to be low-normal or overtly low, a glucocor-
ticoid should be administered.

This patient has both growth hormone deficiency
(low serum insulin-like growth factor 1 level) and male
hypogonadism (low serum testosterone level). However,
these are not as serious as the central hypothyroidism, and
hormone replacement for these deficiencies can be initiated
at a future time.

The patient does not have signs or symptoms of dia-
betes insipidus. Therefore, vasopressin replacement is not
required.

e When thyroid hormone replacement therapy
is initiated to treat central hypothyroidism,
concomitant glucocorticoid therapy also is
necessary.
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Item 81 Answer: B

Educational Objective: Diagnose familial
hyperparathyroidism.

The most likely diagnosis is multiple endocrine neoplasia
type 2 (MEN2). The finding of mild hypercalcemia in a
young man whose family history includes a brother with
kidney stones and a father with an anesthesia-induced
hypertensive crisis raises concern for MEN2. The patient
likely has hyperparathyroidism, and his neck mass is most
likely a medullary thyroid cancer. His history of diarrhea
suggests a high serum calcitonin level caused by the
medullary thyroid cancer. Undiagnosed pheochromocy-
toma may have been the cause of his father’s death, and the
brother may have hyperparathyroidism. Together, these
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personal and family findings suggest that this patient may
belong to a MEN2 kindred. MEN2 is caused by germline
transmission of a mutant RET proto-oncogene. The
MEN2 phenotype can include primary hyperparathy-
roidism, pheochromocytoma, and medullary thyroid can-
cer. The hyperparathyroidism of MEN2 is due to benign
hyperplasia involving all parathyroid glands.

Benign familial hypocalciuric hypercalcemia is a rare
familial condition caused by inactivating mutations of the
calcium-sensing receptor, which has a major function in
regulating calcium metabolism through parathyroid tissue
and renal calcium. The disorder is autosomal dominant
with high penetrance. Decreased sensitivity of the calcium-
sensing receptor to calcium is typical of this disorder and
thus higher calcium levels are required to suppress parathy-
roid hormone secretion. Fractional excretion of calcium is
less than 1%, despite the hypercalcemia, and the PTH level
is normal or slightly elevated. The clinical significance of
this disease lies mostly in its mistaken diagnosis as hyper-
parathyroidism. Benign hypocalciuric hypercalcemia does
not explain the patient’s thyroid mass or the father’s prob-
able pheochromocytoma.

Parathyroid cancer may be palpable on physical exam-
ination, but hyperplastic parathyroid glands with benign
enlargement would not. Additionally, parathyroid cancer
would cause more severe hypercalcemia and does not
cxplain the patient’s personal history of diarrhea or his fam-
ily history.

Sarcoidosis causes hypercalcemia by production of
1,25-dihydroxyvitamin D by granulomas. This patient’s
neck mass and normal chest radiograph are not typical of
sarcoidosis.

* The finding of mild hypercalcemia in a young
patient with a family history of related
endocrinopathies raises concern for multiple
endocrine neoplasia type 2.
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Item 82 Answer: C

Educational Objective: Manage hirsutism in
polycystic ovary syndrome.

This patient should begin taking an oral contraceptive. She
has polycystic ovary syndrome (PCOS), as indicated by her
irregular menses, her clinical and biochemical hyperandro-
genism, and the exclusion of other possible causes. The
best initial treatment for hirsutism in this population is an
oral contraceptive, which decreases luteinizing hormone
release through estrogen’s negative feedback, thereby
decreasing testosterone production by the ovary, and
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increases sex hormone-binding globulin levels, thereby
decreasing bioavailable testosterone levels.

Bromocriptine is a dopamine agonist indicated for
medical treatment of prolactin-secreting pituitary tumors.
This patient exhibits no clinical or biochemical evidence of
a prolactinoma thar would require treatment with a
dopamine agonist.

Dexamethasone is used in the treatment of congenital
adrenal hyperplasia. This patient’s 17-hydroxyprogesterone
level is normal, which suggests that she does not have this
disorder.

Although carly observational trials suggested that
metformin may be effective in treating hirsutism in
patients with PCOS, subsequent randomized clinical con-
trol trials have had mixed results. Therefore, metformin is
not the best first-line treatment for symptoms of hyperan-
drogenism (such as acne, hirsutism, and alopecia) in
women with PCOS.

Spironolactone can be very useful for the treatment of
hyperandrogenism in PCOS but is added only if an oral
contraceptive does not adequately improve symptoms.
Because of the teratogenic effects of spironolactone, it is
not given to women without an oral contraceptive pill.

¢ The best initial treatment for hirsutism in
women with polycystic ovary syndrome is an
oral contraceptive.
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Item 83 Answer: B

Educational Objective: Treat acromegaly after
transsphenoidal surgery.

The most appropriate next step in treating this patient who
has acromegaly is administration of octreotide, a somato-
statin analogue. The goals of therapy for acromegaly are to
normalize the insulin-like growth factor 1 (IGF-1) and
growth hormone (GH) levels, reduce tumor bulk, prevent
or decrease the number of comorbidities, and reduce the
risk of premature death. Transsphenoidal surgery will nor-
malize biochemical IGF-1 and GH levels in as many as 90%
of patients with microadenomas and 40% of patients with
macroadenomas. In patients (such as this one) whose IGE-
I and GH levels remain elevated postoperatively, somato-
statin analogues are commonly used to normalize levels and
shrink any residual pituitary tumor. This patient’s comor-
bidities (sleep apnea, hypertension, type 2 diabetes mellitus,
arthropathy, and headache) should continue to be moni-
tored and treated, if needed.

Dopamine agonists generally do not work as well as
somatostatin analogues in the treatment of acromegaly, and



cabergoline, not bromocriptine, is the most effective
dopamine agonist for this purpose.

Although this patient already underwent surgical
debulking of his tumor, the continued elevation of his
GH and IGF-1 levels indicates that residual disease is pre-
sent, most likely in the cavernous sinus, which is not sur-
gically accessible. Therefore, repeat surgery is unlikely to
be useful.

Clinical observation is inappropriate for this patient
with residual active acromegaly, which has associated
comorbidities and premature mortality. Therefore, therapy
is indicated.

s In patients with acromegaly whose insulin-like
growth factor 1 and growth hormone levels
remain elevated after transsphenoidal surgery,
somatostatin analogues are commonly used to
normalize levels and shrink any residual pitu-
itary tumor.

Bibliography

Katznelson L., Atkinson JL, Cook DM, Ezzat SZ, Hamrahian AH,
Miller KK; American Association of Clinical Endocrinologists.
American Association of Clinical Endocrinologists medical guide-
lines for clinical practice for the diagnosis and treatment of
acromegaly—2011 update. Endocr Pract. 2011517 (Suppl 4):1-44.
[PMID: 218466106

Item 84 Answer: C

Educational Objective: Diagnose ectopic adreno-
corticotropic hormone secretion.

The clinical and biochemical features of this patient with
Cushing syndrome (hypercortisolism, melanonychia stri-
ata on the toenails) are most likely caused by cctopic
adrenocorticotropic hormone (ACTH) secretion by a
malignant tumor. Patients with these tumors typically
have signs and symptoms of malignancy (weight loss,

Answers and Critiques

cachexia, and temporal muscle wasting) and biochemical
features of mineralocorticoid activity. This patient most
likely has new-onset type 2 diabetes mellitus (recent-onset
polyuria and nocturia, high random glucose levels) and
classic features of excess mineralocorticoid activity, includ-
ing hypertension, metabolic alkalosis, and excessive urine
potassium loss. He has no history of gastrointestinal fluid
losses. Clinical examination shows features consistent with
excessive ACTH secretion (hyperpigmented mucous mem-
branes) and excess amounts of glucocorticoids (proximal
muscle wasting and weakness). The patient’s history of
smoking suggests the possibility of an ACTH-producing
lung cancer; approximately half of all cases of ectopic
ACTH secretion are due to small-cell lung cancer.

Adrenal adenomas can be associated with hypercorti-
solism but the features tend to be mild, with hypertension
and diabetes the most prominent. Adrenal adenomas are
associated with suppressed ACTH levels.

Although adrenal carcinomas may be associated with
weight loss, rapid onset of cushingoid features, and findings
of hypercortisolism, they also are associated with sup-
pressed, not elevated, levels of ACTH.

The clinical and biochemical features of hypercorti-
solism observed in this patient are not consistent with those
seen in patients with ACTH-secreting pituitary adenomas,
which generally are associated with lower ACTH levels and
slow onset of cushingoid features.

e Patients with ectopic adrenocorticotropic hor-
mone (ACTH) production typically have
weight loss, rapid onset of Cushing syndrome,
temporal muscle wasting, and elevated plasma
ACTH levels.
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Aldosterone, adrenal secretion of, 41
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Amputations, in diabetic patients, 16
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Amvotrophy, diabetic, 16
Anabolic agents, for osteoporosis, 70, 71, 72, Q10
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Angiotensin, conversion to angiotensin 1, 40f, 41 o
Angiotensin-converting enzyme inhibitors. See ACE inhibitors
Angiotensin I, 40f, 41
Angiotensin I1, 40f, 41 ) .
Angiotensin receptor blockers, for diabetes mellitus-related cardiovascular dis-
case, 6
Antidiurctic hormone deficiency
in diabetes insipidus, 20
pituitary adenomas and, Q46
Antipsychotic medications
diabetes mellitus and, 1
hyperprolactinemia and, 22, 23t
Antiresorptive agents, for ostecoporosis, 69-71, 72
Antithyroglobulin antibodies, 28
Antithyroid drugs, 30, 31, 32, 33, 39. See also specific antithyroid drugs
adverse effects of, 31
Anti—thyroid peroxidase antibodics, 27t, 28, 29, 30t, 34t
Apoplexy, pituitary tumor, 18, 19, 22, Q14
Arginine vasopressin deficiency, in diabetes insipidus, 20
Asherman syndrome, 57, Q3
Aspirin, cardioprotective effects of, in diabetes mellitus, 6
Atherosclerotic vascular disease, in diabetes mellitus, 6
Atrial fibrillation, in subclinical hyperthyroidism, 33
Autoimmune disease, hypocalcemia in, 65
Autoimmune polyglandular syndrome, 64t, Q33

Bariatric surgery, for diabetes mellitus, 4t, 7
Barium swallow, for multinodular goiter diagnosis, 37
B-Blockers, in pheochromocytoma, 49, 50
Bile acid sequestrants, for diabetes mellitus, 9t
Biopsy, fine-needle aspiration
of goiters, 37
of thyroid nodules, 35f, 36, 37, Q20, Q34
Bisphosphonates
adverse effects of, 70
drug holiday from, 70-71
for hypercalcemia, 63, Q15
intravenous, 70
for osteoporosis, 69
Blood glucose levels, 1, 5, 6,7, 8-9t, 10, 11, 14
postprandial, in diabetes mellitus, Q35
relationship with hemoglobin A, Q41
Blood glucose monitors, with memory function, 6
Blood glucose testing, in diabetes mellitus, 5
Blood pressure. See also Hypertension; Hypotension
target goal of, in diabetes mellitus, 6
Blood transfusions. See also Transfusion therapy
hemoglobin A, _and, Q37
Blurred vision, in diabetes mellitus, 2
BMD. See Bone mineral density
Bone, osteoporotic, 67, 67f
Bone density loss. See also Osteopenia; Osteoporosis
in hypogonadotropic hypogonadism, 19
in subclinical hyperthyroidism, 33
treatment of, Q10
Bone mineral density (BMD)
dual-energy x-ray absorptiometry measurement of, 62t, 67, 68f
in osteoporosis, 66, 67, 71-72
racial factors in, 67
Bone remodeling, 67, 72
Bone scans, in Pager disease of bone, 73, 73f
Bromocriptine, 9t
for hyperprolactinemia, 24
for macroprolactinomas, Q64
for prolactinomas, 24t
usc in pregnancy, 24, 25

Cabergoline
for hyperprolactinemia, 24, Q50
for macroprolactinoma, Q64
for prolactinomas, 24t
use in pregnancy, 24
Calcitonin
for hypercalcemia, 63
for osteoporosis, 69, 70t, 71, 72
for Pager disease of bone, 73
as thyroid tumor marker, 28
Calcium
tor hypocalcemia, 66
for osteomalacia, 72
recommended daily intake of, 66t, 69
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Calcium deficiency. See also Hypocalcemia
with ostcomalacia, 72
Calcium disorders, 59-66. See also Hypercalcemia; Hypocalcemia
Calcium homeostasis, 59-60, 59f
Calcium malabsorption, low urine calcium excretion in, Q59
Calcium-sensing receptor, 59-60
Calcium supplementation
for hypocalcemia, 66
for osteomalacia, 72
recommended daily intake of, 66t, 69
Calcium-to-creatinine clearance ratio, in benign familial hypocalciuric hypercal-
cemia, Q47
Capsaicin cream, for diabetic neuropathy, 16, Q67
Carbohydrates, dictary intake of, in diabetes mellitus, 6-7, 14
insulin therapy dosage and, 10, 11
postexercise, Q76, Q79
Cardiovascular discase
in acromegaly, 25
in diabetes mellitus, 2t, 3, 5, 6
sudden cardiac death in, 16
Carpal tunnel syndrome, in diabetes mellitus, 16
Catecholamune assays, in pheochromocytoma, 47, 49, 50
Catecholamines, in pheochromocytoma, 49, 50
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hypothyroidism in, 33
levothyroxine absorption in, 33
osteomalacia in, 72
osteoporosis in, 69t, Q59
Cell membrane calcium-sensing receptor, 59-60
Cervical lymphadenopathy, thyroid nodules and, 35, 35t, 36
Chlorpropamide, 7, 8t
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in calcium homeostasis, 59
for ostcomalacia, 72
Chronic kidney discase,
with diabetes mellitus, 8t
hyperparathyroidism in, Q42, 59
low bone mass and, 68t, 69t
Chvostek sign, 64
Colesevelam, 9t
Colon cancer, in acromegaly, 25
Coma, myxedema, 39-40, Q49
Computed tomography (CT), of adrenal incidentalomas, 47, 47f, 4849
Contrast media
contraindication in multinodular goiters, 36
as contraindication to metformin, 11
thyrotoxicosis-inducing cffect of, 31
Corticosteroids
adrenal secretion of, 4041, 40f
low bone mass and, 68t
Corticotropin-releasing hormone, 17, 20, 41
adrenal secretion of, 40, 40f
suppression of, 20
Cortisol. Se¢ also Hypercortisolism; Hypocortisolism
adrenal secretion of, 4041, 40f
in critical illness, Q48
in Cushing syndrome, 43, 44
in hypoglycemia, 13-14, 16
Cortisol deficiency. See also Hypocortisolism
adrenal insufficiency in, 41t, 42
Cortisol-secreting adrenal tumors, 41¢, 42, 46, 47
“Cotton wool” spots, 15
C-peptide
in diabetes mellitus, 1-2, 17, 17t
as insulin resistance indicator, 1-2
in obesity, 2
suppressed, Q70
Craniopharyngiomas, 18, 18t, 23t
diabetes insipidus and, 20, 22
incidentalomas and, 26
Critical illness
adrenal function in, 43, Q48, Q55
diaberes mellitus in, 11
hypothyroidism in, Q61
CT. See Computed tomography
Cushing discase, 26
pituitary adenomas and, 24t
Cushing syndrome, 43—46
adrenocorticotropic hormone-dependent, 44f, 44t, 45, 46, Q84
adrenocorticotropic hormone-independent, 44t, 45, 46
definition of, 43



dexamethasone suppression testing in, 43, 44, 45, 45f, Q25

diabetes mellitus and, 1t, 5, 43, Q6
diagnosis of, 43-46, 451, 49 Q7
evaluation of, Q71
low bone mass in, 68t
pituitary adenomas and, 24t, 441, 46
sellar masses and, 21, Q46
treatment of, 46

Cystic fibrosis
diabetes mellitus in, 5
low bone mass and, 69t

Cysts
branchial, 35t
dermoid, 35t
Rathke cleft, 18, 18¢, 22, 26
thyroglossal duct, 35t
thyroid nodule, 36t

Dawn phenomenon, Q31
Dehydroepiandrosterone (DHEA)

adrenal function of, 40, 41
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adrenal seeretion of, 40, 40f, 41t, Q62

deficiency of, in adrenal insufficiency, 42

in hyperandrogenism, Q62
Dehydrocepiandrosterone sulfate (DHEAS)

adrenal function of, 40, 41
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adrenal secretion of, 40, 40f, 41t

deficiency of, in adrenal insufficiency, 42
Denosumab, for osteoporosis, 70t, 71, Q10
Desipramine, for diabetic neuropathy, Q67
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monitoring of, 5, 6
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relationship with plasma glucose levels, 5-6, 5t, Q41
Hemorrhage
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Hungry bone syndrome, 65, Q42
Hydrocortisone
for adrenal insufficiency, 4243, 42r, Q25, Q27, Q39
for myxedema coma, Q49
stress doses of, in critical illness, Q55
25-Hydroxyvitamin D, in hypocalcemia, Q22
Hyperaldosteronism
diagnosis of, Q16
primary, 50-52
adrenal adenomas and, 51, 52
idiopathic, 50-51
screening for, Q71
Hyperamylasemia, in diabetic ketoacidosis, Q58
Hyperandrogenism
adrenal incidentalomas and, 47
in ovarian cancer, Q62
in polycystic ovary syndrome, 58, Q82
Hypercalcemia, 60-63
acute, treatment of, 63, Q15
benign familial hypocalciuric, Q47, Q81
cancer-associated, 61r, 63
causes of, 60-63
clinical manifestations of, 60

Gluconeogenesis, hepatic, 16
Glucose infusion, for hypoglycemia, Q65
o-Glucosidase inhibitors, 7, 8t
Glyburide, for diabetes mellitus, 8t
contraindication in older diabetic patients, Q53
use in pregnancy, 4
Glycemic control
in type 1 diabetes mellitus, 3, Q19
in diabetic nephropathy, 15-16
in diabetic retinopathy, 15
inadequate, 1
Glycemic monitoring, in diabetes mellitus, 5-6, 5t
Goiter
in Graves diseasc, 31
multinodular, 29f, 35f, 37, Q66
as contraindication to contrast dye, 36
toxic, 31-32
simple, 37
Gonadotropin deficiency, 19-20
Gonadotropin-releasing hormone
hypothalamic production of, 17
in males, 53, 53f
in menstrual cycle, 56, 56f
in opiate-induced hypogonadism, Q38

Gonadotropin-releasing hormone test, in hypogonadotropic hypogonadism, diagnosis of, 60-63, 61t
i Q2[ ] . differendal diagnosis of, 61t
Gonadotropin-secreting pituitary adenomas, 21, 26 factitious, 60

Granulomarous discascs, hypercalcemia in, 61t, 62-63, Q5

n in familial hyperparathyroidism, Q81
Graves disease, 30-31

in granulomatous diseases, 611, 62-63, Q5

radioactive iodine uptake scans in, 28-29 humeral, of malignancy, 611, 63, Q15, Q17
thyroid antibodies in, 28 25-hydroxyvitamin D) in, Q22

Graves ophthalmopathy, 30, 31, Q8 local osteolvtic, 63
as contraindication to radioactive iodine treatment, 31 long-term management of, 63
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malignancy-associated, 61f, 61t, 63, Q15, Q17
non-parathyroid hormone-mediated, 61t, 62-63
parathyroid hormone-mediated, 60-62, 611, 611, 62t, Q17, Q54
in primary hyperparathyroidism, 60-62, 61t, 62t, Q54
in sarcoidosis, 61t, 62-63, Q5, Q17
in tuberculosis, 61t, 62-63, Q5
Hypercalciuria, hypoparathyroidism treatment and, 66
Hypercortisolism
in adrenal adenomas, Q84
in adrenocortical cancer, 52
in Cushing syndrome, 43, 44, Q84
dexamethasone suppression testing in, 43, 44, 45
evaluation of, 43-44
Hyperglycemia, in diabetes mellitus, 2, 3
inpatient treatment of, 11
microvascular and macrovascular effects of, 5
patient self-monitoring of, 5
postexercise, Q76
postprandial, Q41
severe, 12
Hyperglycemic crisis, 13t
Hyperglycemic hyperosmolar syndrome, 11, 12-13
Hyperkalemia
in hemorrhage-induced adrenal insufficiency, Q60
in primary adrenal insufficiency, 20
Hyperlipidemia. See Dyslipidemia
Hyperparathyroidism
familial forms of, 62, Q81
familial hypocalciuric, 62
low bone mass in, 68t
primary
hypercalcemia in, 60-62, 61f, Q17
parathyroidectomy for, 62, 62t, Q42, Q54
secondary, bone loss in, 68
Hyperprolactinemia, 22-25
Amenorrhea/oligomenorrhea in, 4, 22, 23, 57, Q7
drug-induced, 23-24, 23t
hypogonadotropic hypogonadism in, 19-20, Q50
osteoporosis in, 23
in pregnancy, Q7, Q40
sellar masses and, 22-23, 23t, Q50
Hypertension
in acromegaly, 25
in Cushing syndrome, 43, Q6
in diabetes mellitus, 6
as metabolic syndrome component, 3
in pheochromocytoma, 49
in primary hyperaldosteronism, 51
Hyperthyroidism
amenorrhea in, 57
in Graves discase, 30-31
jodine-induced, 32-33
in multinodular goiter, 31
in older patients, 29
preeclampsia and, Q78
in pregnancy, 34, Q78
subclinical, 33
bone loss in, 68
untreated
in pregnancy, Q78
thyroid storm and, Q72
Hypoalbuminemia, hypocalcemia and, 63-64, 66
Hypocalcemia, 63-006
causes of, 64-65, 66
diagnosis of, 63-64, 64-65t, 66
in hungry bone syndrome, Q42
hypoalbuminuria and, 63-64, 66
hypomagnesemia and, 64t, 65, Q75
hypoparathyroidism and, 61f, 64t, 65, Q36
treatment of, 66
Hypocortisolism
in adrenocorticotropic hormone deficiency, 20
in critical illness, Q48
megestrol acetate and, 20
in primary adrenal insutficiency, Q39
Hypoglycemia
in diabetes mellitus, 13-14
asymptomatic, 14
documented symptomatic, 14
exercise-induced, 14, Q79
hyperadrencergic symptoms of, 5, 14

nocrurnal, 5, Q31
patient self-monitoring of, 5
plasma glucose level in, 13-14
postexercise, Q79
diagnosis of, in nondiabetic patients, 2
fasting, 17, 17t
in nondiabetic patients, Q70
neurologic findings in, Q65
nocturnal, 5, Q31
in nondiabetic patients, 2, 16-17, 17t
postprandial, in nondiabetic patients, 17
relative, 14
severe, 14
sulfonylurea-induced, Q53
in older patients, 14, Q65
Hypoglycemic unawareness, 14, Q19
Hypogonadism
hypogonadotropic, 19-20, Q21
acquired, in females, 19
with anosmia, 53
low bone mass in, 68t, 69
in males
central, Q26, Q38
diagnosis and evaluation of, 53-54, 54f, Q51
drug-induced, Q38
in obesity, Q33
osteoporosis and, 69
primary, 53, 54
secondary, 53, 54, Q26, Q38
treatment of, 54-55, 69
Hypoinsulinemia, hyperglycemia and, Q76
Hypokalemia, in Cushing syndrome, Q6
Hypomagnesemia, hypocalcemia and, 64t, 65, Q75
Hyponatremia, in hemorrhage-induced adrenal insufficiency, Q60
Hypoparathyroidism
after thyroidectomy, Q36
chronic, treatment of, 66
hypocalcemia and, 61f, 64t, 65, Q36
Hypopituitarism, 18-21, 18t, Q40
hormonal replacement therapy for, 18, 19t, Q80
radiation-induced, Q57
in Shechan syndrome, Q69
treatment of, 18, 19t, Q80
Hypotension, in hemorrhage-induced adrenal insufficiency, Q60
Hypothalamic disease, 17-18
Hypothalamic masses, hyperprolactinemia in, 22-23
Hypothalamic-pituitary-adrenal axis
in hypopituitarism, 18
megestrol-induced suppression of, Q25
Hypothalamic-pituitary-adrenal function, regulation of, 4041, 40f
Hypothalamic-pituitary axis, 27
Hypothalamic-pituitary-ovarian axis, 56, 56f
Hypothermia, in myxedema coma, 39-40
Hypothyroidism, 33-34
amenorrhea in, 57
amiodarone-induced, 33, Q61
central, Q69
radiation-induced, Q57
in thyroid-stimulating hormone deficiency, 20
treatment of, Q80
congenital, 33
drug-induced, 33, Qol
in pregnancy, 38, 39, Q4, Q13
subclinical, 34, Q4
thyroid hormone levels in, 28, Q61

Ibandronate, for osteoporosis, 69, 70, 70t
Immunosuppressive drugs, diabetes mellitus and, 1
Incidentalomas

adrenal, 26, 4749, Q2

asymptomatic, Q71

pituitary, Q46
Infertility

in hyperprolactinemia, 23, 24

in men, 24, 55-56, Q12

in women, 23, 24, 59

Institute of Medicine, calcium and vitamin D daily intake recommendation

from, 661, 69
Insulin, exogenous injections of, 17, 17t, Q70
Insulin aspart, perioperative administration of, Q63
Insulin detemir, 7, 9t, 10
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Insulin glargine, 7, 9t, 10 Lithium o
perioperative administration of, Q63 |:A)’put]1}'r_mdxsn'l and, 33
Insulin-like growth factor 1 for thyroid storm, 32
in acromegaly, 25, 26, Q74, Q83 thcc'iu!n)g thyroid, Q43
in growth hormone deficiency, 19, Q21 Luteinizing hormone
in pituitary macroadenoma, Q46 in male hypogonadism, 53, 53f, Q38
Insulin lispro, Q35 l‘n ir!"u.n:.trunl cycle, bf).':)f)f' . o )
Insulin, neutral protamine Hagedorn (NPH), Q35, Q45 Lutcinizing hormone deficiency, in hypopituitarism, 19t

Luteinizing hormone-secreting pituitary adenomas, 21, 26
Lymphocytic hypophysitis, 23t, Q40

in type 2 diabetes mellitus, 3 h}'popz[uu:msn_n ‘J.L‘l:l, 18, 18t

in polycystic ovary syndrome, 58 I.,\‘:l)[!!u)nla,I (h‘\"rmd, 35, 37

type A, 5 diagnosis of, Q68

v : B a
Insulin secretagogues, for diabetes mellitus prevention, 4t
Insulin therapy, 8t

Insulinomas, detection of, Q70
Insulin resistance, 1-2

Macroadenomas, pituimr_\'
in acromegaly, 25

basal
for type 2 diabetes mellitus, 7 m_mtuumonuu_, Q46 :
dosage of, 10, 11 with suprasellar extension, 21
53 » 10,

treatment of, 22
Macroalbuminuria, albumin-creatinine ratio in, 16
Macroprolactinomas, Q64
Macrovascular disease, in diabetes mellitus, 1
Magnetic resonance imaging (MRI)
of adrenal incidentalomas, 48
pituitary
in central adrenal insufficiency, Q9
for hyperprolactinemia, Q50
underdosing in, 11-12 'o_t‘rhymid-srimu!‘:uiflg hurpmnc—sccrcting pituitary tumors, Q28
for type 1 diabetes mellitus, 10, Q35 Malnutrition, hypocalcemia in, Q75 o
for type 2 diabetes mellitus, 7, 9t, 10, 11 Maturity-onsct diabetes of the young (MODY), 5, Q73
plasma insulin profiles of, 10f Medications. ‘Sf'" n!m‘ specific medications
premixed insulin, 7, 9t, 10, 11 as adrenal m'-ut_hc:u:}c_\' cause, 41t
for diabetic ketoacidosis, 13t as h."P“Pm]ﬂ_ﬁ]"‘-‘""ﬂ cause, 22, 23t
for gestational diabetes, 4 as hypothyroidism cause, 33
for hyperglycemic hyperosmolar syndrome, 13t as low bone mass cause, 68t

surreptitious, 17, 17t, Q70 thyratoxic, 32-33
lodine Megestrol acetate

dietary intake of, 33 adrenal inm_lﬂicicn_:_\' and, Q25 »

for thyruxd storm, 39 ‘.1_d}fu.‘_:1ﬂ¢urt1cotmplc hormone deficiency and, 20
lodine deficiency, 27 Meglitinides, 8t _

goiters and, 37 cmurm!u_ln.;nmn to, 11
lodine exposure, thyrotoxicosis and, 31, 32-33 . S‘lm‘.'f?tmm].s s chy [7.’ Let :
Iron deficiency anemia, hemoglobin Ay in, Q41 MEN. See Multiple endocrine nu)pl.um

Meni pitul
Iron overload states, hypocalcemia in, 65 ngiomas, hypopituitarism and, 18 .
Menstrual eycle. See also Amumrrlnn; Oligomenorrhea

normal function of, 56
Meralgia paresthetica, in diabetes, 16
Metabolic bone discase, 66-73

Metabolic syndrome
Kallmann syndrome, 53 h} e mi(-’:'l“ 3
, . N M achr O
Ketoacidosis, diabetic i o _
causes of. 11-12 in polycystic ovary syndrome, 58
s X 2 - =
: R ; in Turner syndrome, 5
in type 1 diabetes mellitus, 2, 3 S 7 -
management of, 13, Q58 Metanephrine assays, in pheochromocytoma, 50
b ;l;nlic Llcc::x;:;wl';\m;i()Jl in 12,12 13 Metanephrines, in pheochromocytoma, 49, 50
Kidney failure, in diabet \ nnllilus‘ 15’ R Metastatic cancer, differentiated from thyroid nodules, 35t
i : abetes mellitus, t

7 i 5 Metformin
Kidney stones, hypercalciuria and, 66

= contrast media as contraindication to, 11
Klinefelter syndrome, 53, 26, Q33 - : S »
elter syndrome, 53, Q26, Q for diabetes mellitus prevention, 4t

for hirsutism, in polycystic ovary syndrome, 58, Q82
use in pregnancy, 4
Methadone, hypogonadism and, Q38
Methimazole
for Graves discase, 30
teratogenicity of, Q78
for thyroid storm, 39
Microadenomas, pituitary, 21
Microalbuminuria
albumin-creatinine ratio in, 16

cost of, 10

for diabetes mellitus
dosage of, 10
in hospitalized patients, 11
hypoglycemia and, 14
missed doses in, 11-12
pancreatic beta-cell function after, 2-3
patient self-monitoring of, 5
preprandial, 10, 11

Jaw, bisphosphonate-related osteonecrosis of, 70
Jod-Basedow phenomenon, 31

Langerhans cell histiocytosis

diabetes insipidus and, 20

hypopituitarism and, 18
Lanrcotide, for acromegaly, 241, 2
Laser photocoagulation, for dnhuu retinopathy, 15, Q1
Leukocytosis, in diabetic ketoacidosis, Q58
Levothyroxine

adrenal insufficiency and, 39

contraindication in older patients, Q56

for destructive thyroiditis, 32 in diabetes mellitus, 16

for hypothyroidism, 33-34 Microvascular disease, in diabetes mellitus, 1

in pregnancy, 39, Q4, Q13 Miglitol, 8t
for myxedema coma, 40, Q49 Mineralocorticoid replacement therapy, for primary adrenal insufficiency, 43

for subclinical hypothyroidism, 34 Miscarriage, maternal hyperthyroidism and, Q78
for thyroid cancer, 38 Mitotane, for adrenocortical cancer, 52
thyrotoxicity of, Q66 MODY. See Maturity-onset diabetes of the young,

Leydig cells, 52 Monoclonal gammopathy, 69

LH. See Luteinizing hormone Mononeuropathy, diabetic, 16

Liothyronine, for hypothyroidism, 34 MRI. See Magnetic resonance imaging

Lipase inhibitors, for diabetes mellitus, 4t, 8t Multiple endocrine neoplasia type 1 (MENT1)

Lipomas, thyroid, 35t acromegaly in, 25

Liraglutide, for type 2 diabetes mellitus, 7, 8t differentiated from MEN2, Q32
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familial hyperparathyroidism in, 62
pituitary adenomas in, 21, Q32
three “Ps™ of, 21, Q32
Multiple endocrine neoplasia type 2 (MEN2)
calcitonin measurement in, 28
differentiated from MEN1, Q32
familial hyperparathyroidism in, 62
hypercalcemia in, Q81
medullary thyreid cancer and, 37, Q34
Myocardial infarction, sulfonylureas and, 7
Myocardial ischemia, diabetic ketoacidosis in, 11-12
Myxedema, pretibial, 30
Myxedema coma, 3940

Nateglinide, 8t
National Institutes of Health
polyeystic ovary syndrome definition, 58
primary hyperparathyroidism surgical treatment guideline from, 62,
62t
National Osteoporosis Foundation
ostcopenia treatment recommendation from, 69, Q10
osteoporosis screening recommendation from, 67, 69t
osteoporosis treatment guideline from, 71-72, 71t
Nephropathy, diabetic, 15-16
Neuropathy, diabetic, 16, Q67
Nicotinic acid, contraindication in fatty liver discase, Q45
Nodules, thyroid, 35-37, 35f, 35t, Q43
benign, 33, 35t, 36, 36t
Bethesda classification of, 36
fine-needle aspiration biopsy of, 35f, 36, 37, 43, Q20, Q34
malignant, 35, 35t, 36-37, 36t, Q34
Norepinephrine, in hypoglycemia, 13-14
NPH. See Insulin, neutral protamine Hagedorn
Nuclear bone scans, in Paget disease of bone, 73, 73f

Obesity
central
in Cushing syndrome, 44f, Q6
as metabolic syndrome component, 3
childhood
diabetes mellitus and, 3
gestational diabetes and, Q73
diabetes mellitus and, 2, 2t
in children, 3
surgical treatment of, 4t, 7
male hypogonadism and, Q33
Octreotide
for acromegaly, 25, Q83
for prolactinomas, 25
Qctreotide scanning, Q70
Older patients
apathetic hyperthyroidism in, 29
sulfonylureas' eftects on, 7, 14, Q53, Q65
thyroid function studies in, Q56
Oligomenorrhea
in hyperprolactinemia, 24, Q7
in polycystic ovary syndrome, 58
Ophthalmopathy, Graves, 30, 31, Q8
as contraindication to radioactive iodine treatment, 31
Opiates
hyperprolactinemia and, 22
hypogonadism and, Q38
Optic chiasm, pituitary tumor compression of, 21, 26, Q7
Oral contraceptives, for hirsutism, in polycystic ovary syndrome, 58, Q82
Oral glucose tolerance tests
for acromegaly, 25
for type 2 diabetes mellitus, Q24
Oral hypoglycemic agents, 7
Onlistat, for type 2 diabetes mellitus, 4t, 8t
Osmolality, of urine, in diabetes insipidus, 20-21
Osteomalacia, 72
Osteopenia
hyperprolactinemia and, 23
in older adults, 66
treatment of, 71t, Q10
Osteoporosis
in Cushing syndrome, 43
epidemiology of, 66-67
evaluation of, 67-69, 68f, 69t
hyperprolactinemia and, 23
idiopathic, 69
in men, Q59

Index

physiology of, 66-67
prevention of, 69-72, Q10
screening for, 67, 69t
secondary, Q59
Owarian cancer, hyperandrogenism in, Q62

Paget disease, of bone, 72-73, 73f, Q30
Pain

abdominal, in diabetic ketoacidosis, Q58

in diabetic neuropathy, 16, Q67
Pamidronate, for hypercalcemia, 63
Pancreatic autoantibodices, in type 1 diabetes mellitus, 2, Q11
Pancreatitis

diabetes in, 5

hypocaleemia in, 65
Parasellar masses, hyperprolactinemia in, 23t
Parathyroidectomy

hungry bone syndrome after, 65, Q42

for primary hyperparathyroidism, 62, 62t, Q42, Q54
Parathyroid glands, thyroidectomy-related injury to, 65
Parathyroid hormone. See also Hyperparathyroidism; Hypoparathyroidism

in benign familial hypocalciuric hypercalcemia, Q47

in calcium homeostasis, 59-60

Parathyroid hormone-mediated hypercalcemia, 60-62, 61t, 62t, Q17, Q54

Parathyroid hormone-related protein (PTHrP), 63, Q17, Q54
Peak bone mass, 67
Pegvisomant, for acromegaly, 24t, 25-26
Pheochromocytoma, 49-50
o-adrenergic blocking agent therapy for, 50, Q29
diagnosis of, 47, 48-49, 49-50
differentiated from benign adrenal adenomas, 47
evaluation of, Q71
screening for, 49t
treatment of, 50
Phosphate deficiency. See also Hypokalemia
osteomalacia in, 72
Pioglitazone, 8t
contraindications to, 11
Pituitary gland
posterior, anatomy of, 17-18
in pregnancy, 25
Pituitary gland disorders, 17-26
hyperprolactinemia, 22-25
hypopituitarism, 18-21
hypothalamic disease, 17-18
pituitary tumors, 21-22
prolactinomas, 22-25
Pituitary tumor apoplexy, 18, 21-22, Q14
Pituitary tumors. See also Adenomas, pituitary
hypopituitarism and, 18
Polyeystic ovary syndrome, Q44
diagnostic criteria and management of, 58
hirsutism in, 58, Q82
Polydipsia
in diabetes mellitus, 2
differentiated from diabetes insipidus, 21
in hyperglycemia, 12
Polyuria
in diabetes insipidus, 21
in diabetes mellitus, 2
in hyperglycemia, 12
Pramlintide
for type 1 diabetes mellitus, Q19
for type 2 diabetes mellitus, 8t
Prednisone
for adrenal insufficiency, 42t, 43
for Graves ophthalmopathy, Q8
Precclampsia
gestational diabetes and, 4
hyperthyroidism and, Q78
Pregnancy
amenorrhea in, 57
calcium and vitamin D daily intake in, 66t
as contraindication to bisphosphonates, 70
diabetic retinopathy in, 15
gestational diabetes in, 4-5, Q73
Graves disease treatment in, 30
hyperprolactinemia in, 22, Q7, Q40
hyperthyroidism in, 34, Q78
hypothyroidism in, 38, 39, Q4, Q13
prolactinomas in, 24-25, Q40
subclinical hypothyroidism and, 34
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Pregnancy (continued)
thyroid function and discase in, 38-39
thyroid function testing in, 28
Premature delivery, maternal hyperthyroidism and, Q78
Primary ovarian insufticiency, 57, Q77
Progesterone challenge test, 57, Q3, Q77
Prolactin, 17, 22
in female infertility, 59
Prolactinomas, 21, Q46
hyperprolactinemia and, 22-25
in pregnancy, 24-25, Q40
treatment of, 22, 23-24
Propylthiouracil
for Graves discase, 30
for hyperthyroidism in pregnancy, Q78
for thyroid storm, 39
Prostate cancer, testosterone replacement therapy and, 55
Prostate-specific antigen (PSA), in testosterone replacement therapy, 55t
Proteinuria, in diabetes mellitus, 16
Proton pump inhibitors
calcium absorption effects of, 66
low bone mass and, 68t
’SA. See Prostate-specific antigen
Pseudohypoparathyroidism, hypocalcemia in, 64t, 65
Psychiatric disorders
hyperprolactinemia in, 23
hypoglycemia in, 17, 17t
PTHrP. See Parathyroid hormone-related protein

Radiation exposure, cranial, hypopituitarism and, 18
Radiation therapy

central hypothyroidism and, Q57

for pituitary adenomas, 22
Radioactive iodine therapy

for Graves disease, 31

for subclinical hyperthyroidism, 33

for thyroid cancer, 37-38, Q23

for toxic adenoma, 32

for toxic multinodular goiter, 32
Radioactive iodine uptake (RAIU) test, 27t

contraindication in pregnancy and breastfeeding, 39

in destructive thyroiditis, 30, Q52

in Graves disease, 28-29

in hyperthyroidism, 30

in thyroid nodules, 28, 35f, 36

in thyrotoxicosis, 28
RAIU. See Radioactive iodine uptake
Raloxifene, for osteoporosis, 69, 70t, 71, Q10
Rathke cleft cysts, 18, 22, 26
Recurrent laryngeal nerve impingement, in multinodular goiter, 31, Q66
Renin, 41
Renin-angiotensin system, regulation of, 40f
Repaglinide, 8t
Reproduction, physiology of

female, 56

male, 52-53
Reproductive disorders, 52-59

basic concepts of, 52

common features of, 52

in females, 56-59

in males, 53-56
Retinopathy, diabetic, 15, 15t, Q1
Rhabdomyolysis, hypocalcemia in, 65
Risedronate, for osteoporosis, 69, 70, 70t
Rosiglitazone, 8t

contraindications to, 11

Saline, for hypercalcemia, Q15
Sarcoidosis
hypercalcemia in, 61t, 62-63, Q5, Q17
hypopituitarism in, 18
Sarcoma, differentiated from thyroid nodules, 35t
Saxagliptin, 9t
Screening
for colon cancer, in acromegaly, 25
for diabetes mellitus, 2, 2t
during pregnancy, 4
for osteoporosis, 67, 69t
for pheochromocytomas, 49t
Sedentary life style, low bone mass in, 68t
Seizures, hypocalcemic, 64
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Sellar masses
approach to, 21
in diabetes insipidus, 18
growth hormone deficiency and, 19
hyperprolactinemia and, 22-23, 23t, Q50
incidental, Q46
Semen analysis, for male fertility evaluation, 55-56, Q12
Sertoli cells, 52, 53f
Serum aldosterone-plasma renin ratio
in adrenal incidentalomas, Q2
in primary hyperaldosteronism, 51, 52, Q16
Sex hormone-binding globulin, 52-53
Shechan syndrome
central adrenal insufficiency in, 18
hypopituitarism in, Q69
Sitagliptin, 9t
Smoking, low bone mass in, 68t
Smoking cessation, for diabetes mellitus prevention, 4t, 6
Sodium, serum levels of, in diabetes insipidus, 20-21
Somatostatin analogues, for acromegaly, 25, 26, Q83
Somogyi phenomenon, Q31
Spironolactone
for hirsutism, in polycystic ovary syndrome, 58, Q82
for primary hyperaldosteronism, 51, 52
teratogenicity of, Q82
Squamous cell carcinoma, hypercalcemia and, 63
Statins, use in diabetes mellitus, 6, Q45
Stress, functional hypothalamic amenorrhea and, Q44
Striae, in Cushing syndrome, 43, 44f
Stroke
differentiated from hypoglycemia, Q65
ischemic, hypopituitarism in, 18
Sudden cardiac death, in diabetes mellitus, 16
Sulfonylureas, 8t
contraindication to, 11, Q53
for type 2 diabetes mellitus, 7
half-life of, 7
hypoglycemia and, in older patients, 14, Q65
myocardial infarction and, 7
surreptitious use of, 17, 17t
Suprascllar masses
growth hormone deficiency and, 19
hyperprolactinemia in, 22-23
Syndrome of inappropriate secretion of antidiuretic hormone, differentiated
from diabetes insipidus, 21

ee Tritodothyronine
. See Thyroxine
Teratogenicity

of methimazole, Q78

of propylthiouracil, Q78

of spironolactone, Q82
Teratomas, differentiated from thyroid nodules, 35t
Teriparatide, for osteoporosis, 70, 71, 72, Ql0, Q59
Testosterone

bioavailable, 52

free, 52

assays of, 52-53, Q33, Q51

in hyperandrogenism, Q62

morning measurement of, Q51
Testosterone as 52-53,Q33, Q51
Testosterone deficiency, in hyperprolactinemia, 23
Testosterone replacement therapy

adverse effects of, 55, 55t

for hypogonadism, 54-55, 69
Testosterone-to-estrogen ratio, in gynecomastia, 56, Q18
Thiazolidinediones, 8t

contraindications to, 11
Thyroglobulin, serum measurement of, 27t, 28
Thyroglossal duct, cysts of, 35t
Thyroid antibodies, 27¢, 28

in hypothyroidism, 33, 34

in thyrotoxicosis, 29
Thyroid cancer, 37-38

diagnosis of, Q43

differentiated from benign thyroid nodules, 35, 35t, 36t

follicular, 37

medullary, 28, 62, Q81

multiple endocrine neoplasia type 2 and, 37, Q34
papillary, 37, Q23
poorly differentiated, 37




radioactive iodine therapy for, 37-38, Q23
well-differentated, 37
Thyroidectomy
hypoparathyroidism complication, Q36
tor multinodular goiter, Q66
parathyroid gland injury or removal during, 65
for thyroid cancer, 37, 38, Q23
for thyroid nodules, 36-37, Q43
Thyroid emergencies, 39-40
Thyroid function testing, 27-29, 27t
effects of nonthyroidal illness on, 38
in older patients, Q56
in pregnancy, 38-39
Thyroid gland, physiology of, 27
Thyroid gland disorders, 2740
evaluation of, 27-29
functional, 29-34
in pregnancy, 38-39
structural, 35-37
thyroid emergencies, 39-40

Thyroid hormone(s). Sze also Thyroid-stimulating hormone; Thyrotropin-
releasing hormone; Thyroxine; Thyroxine-binding hormone;

Triiodothyronine
deficiency of, maternal or fetal, 38
exogenous exposure to, 30, 30t
total, 27
Thyroid hormone replacement therapy, 33-34, Q69
for central hypothyroidism, Q80
for myxedema coma, Q49
Thyroiditis
destructive, 32, 32f
Hashimoto, 33, Q68
multinodular goiters in, 37
thyroid antibodies in, 28
thyroid lymphoma in, 37
postpartum, 30t
radioactive iodine uptake scans in, 28
silent, 32
subacute, 32
diagnosis of, Q52
Thyroid lymphoma, diagnosis of, Q68
Thyroid nodules. See Nodules, thyroid
Thyroid scans. See alw Radioactive iodine uptake test
contraindication in pregnancy, 39
Thyroid-stimulating hormone
in amiodarone-induced hypothyroidism, Q61
deficiency of, 20
in hypopituitarism, 19t
in destructive thyroiditis, 32, 32f
in female infertility, 59
hypothalamic production of, 17
in hypothyroidism, 33, 34t
in myxedema coma, 40
in nonthyroidal illness, 38
normal range for, Q56
in pregnancy, 38
pregnancy and, 34, Q4
secretion of, 27
serum level of, 27-28, 27t
in subclinical hyperthyroidism, 33
suppression of, for thyroid cancer, 38
in thyroid hormone replacement therapy, 34
in thyroid nodules, 36
in thyrotoxicosis, 29, 29t, 30

Thyroid-stimulating hormone-sccreting pituitary adenomas, 21, 24t, 26,29,

301, Q28

Thyroid storm, 39, Q72
Thyrotoxicosis, 28, 29-30, 30t

in destructive thyroiditis, 32

drug-induced, 32-33

gestational, Q78

in Graves discase, 30

iodine exposure-induced, 31

low bone mass in, 68t

radioactive iodine uptake scans in, 28

types of, 29, 29f
Thyrotropin-binding inhibitory immunoglobulins, 28
Thyrotropin-releasing hormone

in hypothyroidism, 57

secretion of, 17, 27

Thyroxine
in central hypothyroidism, Q57
in destructive thyroiditis, 32, 32f
in hypothyroidism, 33, 34t
in nonthyroidal illness, 38
secretion of, 27
serum level of, 27t, 28
in subclinical hyperthyroidism, 33
in thyroid nodules, 36
in thyroid-stimulating hormone deficiency, 20
in thyrotoxicosis, 29f
Thyroxine-binding hormone, 27
Tolbutamide, 8t
Trachea, multinodular goiter impingement of, Q66
Transfusion therapy, hypocalcemia in, 65

Transsphenoidal surgery, acromegaly treatment after, 25, Q83

Transthyretin, 27

Traumatic brain injury
diabetes insipidus in, 20
hypopituitarism in, 18

Tricyclic antidepressants, for diabetic neuropathy, 16, Q67

Triiodothyronine
in amiodarone-induced hypothyroidism, Q61
in hypothyroidism, 33, 34t
in nonthyroidal illness, 38
secretion of, 27
serum levels of], 271, 28
in subclinical hyperthyroidism, 33
in thyroid nodules, 36
in thyrotoxicosis, 29, 29f
Trousseau sign, 64
Tuberculosis, hypercalcemia in, 61t, 62-63, Q5
Tumor lysis syndrome, hypocalcemia in, 65
Turner syndrome, 57
with mosaicism, Q77

24-Hour urine free cortisol excretion test, for Cushing syndrome, 43,

4445

Ulcers, diabetic foot, 16
Ultrasonography
thyroid, in thyroid nodules, 36
transvaginal, in hyperandrogenism, Q62
United States Preventive Services Task Force

calcium and vitamin D daily intake recommendation from, 69, 72

diabetes screening guidelines from, 2
Urine albumin-creatinine ratio, 16

Urine free cortisol excretion test, for Cushing syndrome, 43, 4445

Urine osmolality, in diabetes insipidus, 20-21

Vasopressin deficiency, in hypopituitarism, 19t
Verapamil, hyperprolactinemia and, 22
Vertebral fractures, osteoporotic, 66, 67, 70
Vildagliptin, 9t

Virilization, hirsutism in, 58

Visual ficld deficits, pituitary tumors and, 21

Vitamin D, reccommended daily intake of, 66t, 69, Q17

Vitamin D deficiency
in alcohol abuse, Q75
diagnosis of, Q22
hypocalcemia in, 61f, 64t, 65
osteomalacia in, 72

Vitamin D supplementation, for osteoporotic fracture prevention, 69
Vitiligo, in autoimmune Graves hyperthyroidism, Q78

Vocal cord paralysis, in thyroid cancer, 35

Vocal cord visualization, for multinodular goiter diagnosis, 37

Voglibose, 8t

Water deprivation test, for diabetes insipidus, 21
Weight loss

for diabetes mellitus control, 6-7

for diabetes mellitus prevention, 4-5, 4t

in hyperglycemia, 12
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