


Intracardiac and intravascular pressures

Adult 
Venae cavae
Mean 2–8/0.3–1.1

Right atrium
a wave 3–6/0.4–0.8
v wave 1–4/0.1–0.5
Mean 1–5/0.1–0.7

Right ventricle
Systolic 20–30/2.7–4.0
End diastolic 2–7/0.3–0.9

Pulmonary artery
Systolic 16–30/2.1–4.0
Diastolic 4–13/0.5–1.7
Mean 9–18/1.2–2.4

Pulmonary capillary 
wedge position 4.5–12/0.6–1.6

Left atrium
a wave 4–14/0.5–1.9
v wave 6–16/0.8–2.1
Mean 6–11/0.8–1.5

Left ventricle
Systolic 90–140/12.0–18.7
End diastolic 6–12/0.8–1.6

Aorta
Systolic 90–140/12.0–18.7
Diastolic 70–90/9.3–12.0
Mean 70–110/9.3–14.7

Table 1  Range of normal intracardiac
and intravascular pressures (mmHg/kPa)
in adults at rest in the supine position.
(Adapted from Geigy Scientific
Tables, CIBA-GEIGY, 1990.)

Table 2  Intracardiac and intravascular
pressures (mmHg/kPa) in children (aged 
1 week to 16 years) at rest in the supine
position. (Adapted from Geigy Scientific
Tables, CIBA-GEIGY, 1990.)

Mean Range
Right atrium
Mean 1 –2–6/–0.3–0.8

Right ventricle
Systolic 24 15–37/2.0–4.9
End diastolic 3 0–8/0–1.1

Pulmonary artery
Systolic 20 12–35/1.6–4.7
Diastolic 7 3–12/0.4–1.6
Mean 11 7–18/0.9–2.4

Left atrium
Mean 6 2–14/0.3–1.9

Left ventricle
Systolic 100 72–103/9.6–13.7
End diastolic 7 3–14/0.4–1.9

Peripheral artery
Systolic 108 84–150/11.2–20.0
Diastolic 64 50–83/6.7–11.1
Mean 81 67–105/8.9–14.0
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3

Foreword

Cardiology is unique among medical specialties in three respects. First, it is the
largest of all of the specialties. Cardiovascular disease is the most common cause of
mortality and serious morbidity, being responsible for more than 40% of all deaths
in the industrially developed nations, and the incidence is now rising rapidly in devel-
oping countries as well. Second, advances have been more rapid in cardiology than in
the other medical specialties. All aspects of cardiology – prevention, diagnosis, phar-
macological and invasive therapy – have progressed at dizzying speeds during the
past 20 years. Finally, cardiology is the clinical specialty that is most dependent on
visual recognition. Beginning with the introduction of the electrocardiogram and
chest roentgenogram at the turn of the 20th century to the development of a variety
of sophisticated non-invasive techniques as we turn into the 21st century, the practice
of cardiovascular medicine has always required the recognition of graphic waveforms
and visual images.

This Self-Assessment Colour Review of Cardiology recognizes all three unique
aspects of the specialty. It is both broad and deep, and deals with all of the common
and many of the uncommon cardiac disorders. I found the inclusion of the cardiovascu-
lar manifestations of disorders that affect other organ systems, as well as cardiac dis-
eases observed most frequently in developing countries, to be particularly welcome.

This book achieves a good balance between classic time-honoured clinical presen-
tations of disease on the one hand and the most up-to-date diagnostic and therapeu-
tic modalities on the other. The very high quality and diversity of the images and the
valuable insights provided by the brief but pointed discussions make learning cardiol-
ogy from this book an experience that is, at one time, intellectually invigorating, effi-
cient and pleasant.

Eugene Braunwald, MD
Harvard Medical School

Brigham & Women’s Hospital
Massachussetts General Hospital
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Preface to the Second Edition

Cardiovascular disease continues to be the leading cause of morbidity and mortality
in the western world, and its malign impact in the economically developing countries
is being felt with increasing force. With no less momentum, cardiovascular research is
yielding new perspectives and techniques of investigation and treatment, so that even
in the seven years since the first edition of this book, there have been substantial
shifts in the patterns of heart disease; in particular, there has been a sustained fall in
the mortality from acute coronary syndromes, but an inexorable rise in heart failure. 

The new edition of our book incorporates several novel features. These include the
revision of all diagnostic and therapeutic algorithms to reflect the present evidence
base, with clinical trial data brought up to date to the time of publication (listed on
page 189). The many examples of cardiac imaging are representative of the most cur-
rent modalities, particularly with respect to magnetic resonance imaging and newer
echocardiographic techniques.

Because of their continuing importance, although decreased prevalence, there is
still substantial attention to valvular and congenital heart disease, although with
respect to the latter, the main sweep of the book is still adult cardiology. The answers
are deliberately discursive, in order to teach as well as to test, and this aim also
accounts for the continued inclusion of some techniques which from the clinical per-
spective are now little used, such as M-mode echocardiography. For the same reason,
there are a number of phonocardiograms as these are the only way to represent heart
sounds on the printed page. 

We were very pleased with the response of our readers to the first edition of this
book. It seems to have had particular appeal to those preparing for the Boards in the
USA or the MRCP in the UK, both specialist examinations in internal medicine, of
which cardiology is perhaps the cornerstone. 

It is in the hope that our cases will continue to be of value to this readership that
our latest edition is presented.

Stuart D. Rosen
Sanjay Sharma

Celia M. Oakley 
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Note: for acronyms of recent clinical 
trials, see page 189.

AA – Aortic area
ACEI – Angiotensin-converting enzyme

inhibitor
ADC – Apexcardiogram
AF – Atrial fibrillation
AICD – Automatic implantable 

cardioverter–defibrillator
AL – Amyloidosis
AML – Anterior mitral valve leaflet
ANCA – Antineutrophil cytoplasmic

antibodies
AO – Aorta
APBs – Atrial premature beats
APTT – Activated partial thrombo-

plastin time
ARBs – Angiotensin receptor blockers
ASD – Atrial septal defect
ASO – Anti-streptolysin O
AST – Aspartate aminotransferase
AV – Atrioventricular
AVNRT – Atrioventricular nodal 

re-entrant tachycardia
BP – Blood pressure
BUN – Blood urea nitrogen
CABG – Coronary artery bypass grafting
CAD – Coronary artery disease
CCF – Congestive cardiac failure
CCU – Coronary Care Unit
CK – Creatine kinase
COPD – Chronic obstructive pulmonary

disease 
CPR – Cardiopulmonary resuscitation
CT – Computed tomography
DIC – Disseminated intravascular 

coagulation
DM – Diastolic murmur
ECG – Electrocardiogram

EMF – Endomyocardial fibrosis
END – endocardium
ESR – Erythrocyte sedimentation rate
FA – Femoral artery
FBC – Full blood count
FDPs – Fibrin degradation products
FH – Familial hypercholesterolaemia
FSH – Follicle-stimulating hormone
HBD – Hydroxybutyric dehydrogenase
HCM – Hypertrophic cardiomyopathy
HDL – High density lipoprotein
HF – High frequency
HIV – Human immunodeficiency virus
IHSS – Idiopathic hypertrophic subaortic

stenosis
INR – International normalized ratio
IVS – Interventricular septum
JVP – Jugular venous pressure
LA – Left atrium
LAD – Left anterior descending 

coronary artery
LBBB – Left bundle branch block
LCA – Left coronary artery
LDH – Lactic dehydrogenase
LDL – Low density lipoprotein
LF – Low frequency
LH – Luteinizing hormone
LIMA – Left internal mammary artery
LSE – Left sternal edge
LV – Left ventricle
LVEDP – Left ventricular end-diastolic

pressure
LVH – Left ventricular hypertrophy
LVPW – Left ventricular posterior wall
MF – Medium frequency
MI – Myocardial infarction
MIBG – Metaiodobenzylguanidine
MRI – Magnetic resonance imaging
MUGA – Multi-gated ventriculogram
MVO2 – maximal oxygen uptake 

Abbreviations
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OCM – Obstructive cardiomyopathy
PA – Pulmonary artery
PCI – Percutaneous coronary intervention 
PDA – Patency of the arterial duct
PML – Posterior mitral valve leaflet
PTCA – Percutaneous transluminal 

coronary angioplasty
RA – Right atrium
RBBB – Right bundle branch block
RV – Right ventricle
RVEDP – Right ventricular end-diastolic

pressure
RVOT – Right ventricular outflow tract
SLE – Systemic lupus erythematosus
SPECT – Single photon emission 

computed tomography
T4 – Thyroxine

TGV – Transposition of great vessels
TOE – Transoesophageal echocardiogram
TPHA – Treponema pallidum 

haemagglutination assay (tests)
TSH – Thyroid stimulating hormone
TTE – Trans-thoracic echocardiogram
VDRL – Venereal Disease Research

Laboratories 
VLDL – Very low density lipoprotein
VMA – Vanillylmandelic acid
VPBs – Ventricular premature beats
VSD – Ventricular septal defect
VT – Ventricular tachycardia
WCC – White cell count
WPW – Wolff–Parkinson–White 

(syndrome)
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1 & 2: Questions

7

1  A patient (1) with two previous
myocardial infarctions who had become
free of angina but breathless on minimal
exertion was investigated by a car-
diology team. He had LBBB. There was
no evidence of inducible myocardial
ischaemia on perfusion scanning.
Despite optimal medical therapy, the
man’s clinical status was little improved.
He went abroad for a couple of months
and when seen again in the clinic, he was
symptomatically much improved. The
patient told his regular cardiologist, that
while away he had undergone a ‘new operation’ and had not even needed an
anaesthetic! What happened to the patient when abroad?

2  This 50-year-old male presented with
atypical chest pain, worse after food.
The doctor who saw him in the clinic
did not think that the pain was due to a
cardiac cause and treated him (very
effectively) with a proton pump inhibi-
tor. However, because the resting ECG
was abnormal (LBBB) a scan was
requested (2a). After this scan, further
imaging was requested (2b).
i. What do these scans show?
ii. How should the risk be assessed?
iii. What is the prognosis? 

22aa 22bb

11



1 & 2: Answers

8

1 The patient became very breathless while abroad and was taken to a cardiological
tertiary centre. His history of class IV heart failure was noted, as well as maximal
medical therapy and the lack of a revascularization option in treatment. It was
decided to implant a biventricular pacing system (cardiac resynchronization therapy).
The principle underpinning this technique is that mechanical efficiency of the left
ventricle can be enhanced considerably if the septum and free wall of the heart can be
made to contract as simultaneously as possible. This is in contrast to the marked
delays between septal and free wall contraction seen during the dyscoordinate
contraction of the dilated left ventricle with bundle branch block. Early trials (e.g.
MIRACL, COMPANION) suggest a clear-cut symptomatic benefit for patients with
severe heart failure. There may not be a survival benefit due to the resynchronization
therapy alone, but the development of devices which combine resynchronization and
a defibrillatory function holds great promise (MADIT 2 and COMPANION).

2 i. The perfusion scan (2a) shows a marked increase in uptake of the tracer around
the apex of the left ventricle. These findings by themselves are strongly suggestive of
hypertrophic cardiomyopathy, largely confined to the apex, ‘apical HCM’.
Subsequently, an echocardiogram (not shown) and a cardiac MR scan (2b) were
performed and they confirmed the diagnosis. 
ii. Two important investigations for assessing risk in HCM are: a) a Holter (24 hour
ambulatory ECG) to investigate the presence and prevalence of arrhythmias; and b)
an exercise treadmill test to assess the ability of the patient’s heart to increase blood
pressure with exertion. This is impaired with more severe HCM, although the
relationship between blood pressure increase with exercise and the severity of
outflow tract obstruction is not straightforward.
iii. In general, apical HCM carries a benign prognosis, because the hypertrophy is
usually confined to the apex of the heart and there is usually little or no outflow tract
obstruction. However, this phenotype is not necessarily the form of presentation of
the disease in other relatives. The benign status of the HCM in this patient does not
preclude a severe textbook presentation in a first degree relative, with a poor
prognosis associated with asymmetric septal hypertrophy, systolic anterior motion of
the mitral valve, and an appreciable intracavitary gradient.



4  A 63-year-old male was
admitted to a coronary
care unit (CCU) with a
2 hour history of chest
pain. Physical examination
on arrival was essentially
normal. Following the
electrocardiogram (ECG),
shown here (4), he
received urgent thrombo-
lysis, 2 hours after which
he became hypotensive
with a systolic blood pres-
sure of 80 mmHg
(10.7 kPa). His heart rate was 110 b.p.m. and regular, JVP was elevated above the
sternal angle, and heart sounds were normal. Peripheral pulses were symmetrically and
equally palpable, the chest was clear, and abdominal examination was normal.
Investigations show:

Full blood count (FBC): haemoglobin (Hb) 15.2 g/dl; white cell count (WCC) 15 ×
109/l; platelets 388 × 109/l.

U&E: sodium 136 mmol/l (136 mEq/l); potassium 5.1 mmol/l (5.1 mEq/L); urea
9 mmol/l (BUN, 25 mg/dl); creatinine 90 μmol/l (1.1 mg/dl).

Chest radiograph: normal sized heart, mediastinal width normal, lung fields clear.

i. What is the original diagnosis (4)?
ii. What is the cause of hypotension in this case?
iii. List two non-invasive tests which could be performed on the CCU to confirm the
diagnosis.

3 & 4: Questions

9

44

3  This is a coronary artery (3).
i. Which coronary artery is it?
ii. Name the main branches of this
artery.
iii. What factors or drugs have been
shown to prevent the development of
atheroma in a vessel such as this?

33



3 & 4: Answers

10

3  i. The arteriogram demonstrates the right coronary.
ii. The artery runs in the right atrioventricular groove to the posterior aspect of the heart.
It supplies the conus artery, the right ventricular or acute marginal branch, the atrio-
ventricular node branch in 60% of individuals, the posterior descending artery in 80% of
individuals and the posterior ventricular branches. The posterior descending artery
supplies the posterior part of the interventricular septum and the posterior left ventricular
wall. In almost 90% of cases, the sinoatrial node is supplied by the right coronary artery.
iii. In an otherwise healthy individual, primary prevention of coronary artery disease
has been shown by: regular physical exercise; consumption of fresh fruit and
vegetables; avoidance or abstention from cigarette smoking; control of blood
pressure with current recommendations of BP <140/85 mmHg (18.7/11.3 kPa) (in
this context, diuretics may have particular benefits in hypertensives [ALLHAT]);
control of lipids (total cholesterol below 5 mmol/l [193 mg/dl] or LDL <3.0 mmol/l
[116 mg/dl]) particular by means of statins (WOSCOPS, CARE, LIPID, 4S). 

ACEI have an important role (HOPE) and in hypertensives, ACEI or angiotensin
receptor blockers (ARBs) may be superior in terms of outcome to some more traditional
drugs such as β-blockers (LIFE study). The case for all of these interventions is even
more pronounced in diabetic patients (e.g. as shown in UKPDS and HOT), in whom the
recommended upper limit of BP is 140/80 mmHg (18.7/10.7 kPa). Even before the
development of overt diabetes, the so-called metabolic syndrome, a key feature of which
is insulin resistance, merits attention. Thiazolidinedione drugs such as rosiglitazone hold
much promise for primary prevention at this stage, although hard data are awaited.

4  i. The diagnosis is inferolateral myocardial infarction with posterior extension.
There is ST segment elevation in leads II, III, and aVf, V5 and V6, consistent with
acute inferolateral myocardial infarction. The R waves in V1–V3 are dominant and
the ST segments are significantly depressed in these leads. The changes are reciprocal
to the changes seen in myocardial infarction in the anterior wall and are suggestive of
posterior wall infarction. Inferior myocardial infarction is often associated with pos-
terior wall infarction because the same artery supplies both territories. Although right
coronary artery occlusion is usually implicated, the same ECG changes can occur
with circumflex artery occlusion when it is dominant and gives rise to the posterior
descending artery (see also 176).
ii. The most likely cause of hypotension is right ventricular infarction. The dif-
ferential diagnosis comprises pulmonary embolism or an acute ventricular septal
defect (VSD), but it is probably too early for either. The usual timing for thrombo-
embolism is approximately 72 hours. VSD is a recognized complication of anterior or
inferior myocardial infarction and is characterized by similar signs to those seen in
this patient; however, in acute VSD there is a new pan-systolic murmur and the chest
radiograph often reveals an enlarged heart and pulmonary oedema. An allergic reac-
tion to streptokinase could cause profound hypotension, but this usually occurs
within 30 minutes of commencing the drug.
iii. Two non-invasive tests which could be performed on the CCU include a right-
sided ECG, which may reveal ST segment elevation in V4R, and an echocardiogram
to demonstrate a dilated and hypokinetic right ventricle.



7  A cardiological opinion was sought
urgently regarding a 32-year-old male
who was being investigated for non-
specific ill-health and vague chest
pains. His blood pressure had fallen to
80/50 mmHg (10.7/6.7 kPa) over the
course of 3 hours, his pulse had risen
to 130 b.p.m., with pulsus paradoxus
and a rise in venous pressure. The in-
vestigation shown (7) was performed
prior to an emergency procedure.
i. What is the investigation and what does it show?
ii. What is the diagnosis?
iii. What should be done?

5–7: Questions

11

5  This 60-year-old former miner (5)
used to be a heavy smoker. He gave up
3 years previously. He has become in-
creasingly breathless, to the extent that
he cannot move more than about 10 m
(33 ft) before being out of breath. He
has been treated so far with digoxin and
diuretics only.
i. What can you see?
ii. What do you expect his plasma renin
and total body sodium levels to be?

6  i. What is this investigation (6)?
ii. What is the diagnosis?
iii. Estimate the severity of the problem.

66

55

77



5–7: Answers

12

5  i. This man has biventricular failure. He developed pulmonary disease due to a
combination of smoking and dust exposure in the course of his work. He also has
ischaemic heart disease. A manifestation of the right heart failure is the distension of
the abdomen with ascites.
ii. In chronic heart failure, the response of the kidney is physiologically similar to that
in hypovolaemia. In the face of a reduction in cardiac output, salt and water are
retained in order to restore the arterial blood volume. This is mediated, at least in
part, by the increase in renin secretion evoked by the drop in arterial pressure as
registered in the afferent renal tubule. The rise in renin leads to an increase in
aldosterone secretion and, in turn, to an increase in sodium resorption and retention
with concomitant water retention. Thus, both plasma renin and total body sodium
are increased.

6  i. This is a continuous-wave Doppler echocardiogram.
ii. The diagnosis is aortic regurgitation.
iii. The Doppler technique is semi-quantitative rather than accurately quantitative in
the case of regurgitant valve disease. One index of the severity of the valvar
regurgitation is the rate of decrease in velocity of the jet of regurgitant blood into the
left ventricle. In the example shown, the steep slope indicates that there is a rapid
reduction in the gradient between the aorta and left ventricle (in other words the left
ventricular end diastolic pressure [LVEDP] is high and this and the aortic pressure
quickly equilibrate) and therefore the regurgitation is severe. Perhaps a more precise
measure using echocardiography would be a comparison between aortic flow and
either trans-mitral or trans-pulmonic flow.

7  i. The investigation is an M mode echocardiogram. It shows tachycardia, a
pericardial effusion located both anteriorly and posteriorly, and collapse of the right
atrial and right ventricular free wall during diastole. The latter is an important early
sign that may precede haemodynamic compromise.
ii. The history (consistent with pericarditis) and physical signs (tachycardia, hypo-
tension, and pulsus paradoxus) point strongly to a diagnosis of pericardial tampon-
ade, even without the echocardiogram. The last is of value in documenting the
presence and size of the pericardial effusion, since in the absence of an effusion the
diagnosis of tamponade is extremely unlikely, unless post-cardiac surgical thrombus
or loculated fluid is compressing the heart. In fact, demonstration of the echocardio-
graphic signs listed in i. above, especially the right ventricular diastolic collapse, and
an increase in the right ventricular dimension during inspiration put the diagnosis
beyond doubt.
iii. With haemodynamic and echocardiographic monitoring and intravenous fluid
support, percutaneous pericardiocentesis should be performed without delay. Ideally,
it should be done in the cardiac catheterization laboratory.



8–10: Questions

13

8  This chest radiograph (8) was taken from a
22-year-old intravenous drug abuser who pre-
sented with pleuritic chest pain, fever, and a
non-productive cough. 

What is the abnormality?

10  A 54-year-old waitress complained
of chest pain on exertion. Her past his-
tory and physical examination were un-
remarkable. She developed this ECG ap-
pearance (10) on exercise testing. An
echocardiogram was normal, as was
coronary arteriography.
i. What does the ECG show?
ii. What is the working diagnosis?
iii. What is the prognosis?

9  This is a 2D echocardiogram
(9) of a 24-year-old male who
presented with breathlessness,
sharp left sided inframammary
pain, and palpitations. 

What is the diagnosis?

1100

88

9



8–10: Answers
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8  The radiograph demonstrates multiple cavitating lesions. These almost certainly repre-
sent infected emboli from right-sided infective endocarditis, which has a substantially
increased prevalence in intravenous drug abusers. A murmur is not always audible in
tricuspid endocarditis. The bacterial agent most commonly implicated is Staphylococcus
aureus. Fungal endocarditis also occurs with increased frequency in such patients.

9  The echocardiogram demonstrates an enlarged left atrium and a dilated left ventricle,
with ventricular walls of normal thickness. The most likely cause of this in such a
young patient is viral myocarditis, resulting in a cardiomyopathy. The most common
causative organism would be from the Coxsackie B virus group. One-third of patients
give a clear history of a recent viral illness. Most patients present with fatigue, breath-
lessness, palpitation and chest pain, characteristic of pericarditis. Atrial fibrillation and
ventricular ectopics are common, but ventricular tachycardia and degrees of atrioven-
tricular block may occur. In a few patients, viral myocarditis may manifest as cardio-
genic shock. The physical signs are those of acute cardiac failure. Auscultation often
reveals a third heart sound and murmurs of both mitral and tricuspid regurgitation.

An ECG usually demonstrates non-specific ST segment and T wave changes,
although tachyarrhythmias, heart block and bundle branch block may be noted.

A chest radiograph shows variable degrees of cardiomegaly and pulmonary oedema.
Echocardiography is essential to document ventricular size and function, and an
associated pericardial effusion. The functional valve regurgitation is quantified using
Doppler echocardiography. Infiltrative disorders of cardiac muscle can also be excluded
using echocardiography. Cardiac catheterization is necessary to exclude coronary artery
disease. Cardiac biopsy is only positive for viral myocarditis in 5–6% of patients with
this clinical diagnosis, so there is a disparity between clinical and biopsy findings.
Moreover, various immunosuppressive treatment regimes have not altered the prog-
nosis when compared with patients receiving treatment for heart failure alone. Routine
cardiac biopsy is not necessary in making the diagnosis of viral myocarditis.

10  i. The ECG shows left bundle branch block (LBBB) – note the increased QRS
complex duration, the absence of septal q waves in V5 and V6, I, and aVL, and the
absence of an R´ or r´ in V1 (which would indicate the presence of right bundle branch
block). In LBBB, depolarization of the interventricular septum occurs in the opposite
direction from normal, i.e. from right to left. Since septal depolarization is the first
part of the entire left ventricular depolarization process and therefore electrocardio-
graphically constitutes the earliest part of the QRS complex, the normal ‘septal’ q in
V5 and V6 disappears.
ii. In this woman with chest pain on exertion, LBBB developed, despite there being
smooth normal coronary arteries at angiography. She is not a case of syndrome X in
the widely accepted use of the term, but might have an early cardiomyopathy and an
isolated fascicular block.
iii. The left ventricular function of some of these patients declines with time (in one
study from a mean of 55% to a mean of 40% over 5 years); however, most have a
normal prognosis.



13  A 30-year-old female from Eastern
Europe was admitted on the general medical
take, having presented with fever, breath-
lessness and tachycardia and with a pre-
sumptive diagnosis of atypical pneumonia.
The admitting physician observed non-
specific ST segment changes and a PR
interval of 280 ms on the ECG. A few hours
later he also noticed the skin lesions shown
here (13).
i. What can you see?
ii. What is the underlying diagnosis?
iii. How would you manage this case?

11–13: Questions

15

11  i. What is shown here (11)?
ii. What is the diagnosis and
why are the toes blue?

12  This is an M mode echo-
cardiogram (12).
i. What are the abnormalities?
ii. What is the diagnosis? (RV,
right ventricle; LV, left ventri-
cle; AML, anterior mitral valve
leaflet; PML, posterior mitral
valve leaflet; END, endocar-
dium.)

1111

1122

1133



11–13: Answers
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11  i. The picture shows clubbing of the toes, but not of the fingers. This is due to
differential cyanosis between the feet and hands (see below).
ii. The underlying disorder is patency of the arterial duct (PDA) with shunt reversal.
This occurs as an isolated lesion in 1/1500 live births. The patent ductus takes the
form of a wide and smooth conduit which permits communication (and also
therefore shunting) between the systemic and pulmonary circulations. If there is free
flow and pulmonary hypertension, shunt reversal can occur due to a rise in pulmon-
ary vascular resistance. Deoxygenated blood is returned to the systemic circulation
below the level of origin of the subclavian arteries. Thus, cyanosis affects the lower
but not the upper limbs and so the toes are clubbed and blue, but not the fingers.

12  i. The three abnormalities are: (a) thickening of the anterior mitral valve leaflet,
such that the classic M-shaped pattern of the anterior leaflet is lost; (b) mitral valve
excursion is reduced; and (c) anterior motion of the posterior mitral valve leaflet in
diastole.
ii. These abnormalities are characteristic of rheumatic mitral valve disease.

13  i. and ii. Erythema marginatum is present – essentially a pinkish rash with raised
edges and a white centre, which is a transient phenomenon in about 20% of cases of
acute rheumatic fever. The rings or crescent shapes and location on the trunk of this
subject are characteristic. The history gives many clues as to the underlying disorder.
Acute rheumatic fever is now rare in the West, but still a relatively common affliction
of young people in Eastern Europe, Asia, Africa, and South America. In a woman of
30 years, this would not be a first attack and she would probably have pre-existing
valve disease. Rheumatic fever is probably due to an autoimmune reaction to a pre-
ceding streptococcal throat or skin infection. Presentation may be with obvious car-
diological symptoms which indicate an underlying carditis, e.g. new or altered heart
murmurs, cardiomegaly or heart failure, pericardial effusion, or ECG changes of peri-
carditis, myocarditis, atrioventricular block, or other arrhythmias. These, along with
polyarthritis, chorea, erythema marginatum, and subcutaneous nodules, constitute the
major Duckett Jones diagnostic criteria. The minor criteria include fever, joint pains,
raised erythrocyte sedimentation rate (ESR), previous rheumatic fever and PR interval
prolongation. This woman had two major criteria, adequate for a firm diagnosis.
iii. The aims of treatment in acute rheumatic fever are relief of symptoms and
limitation of damage to the heart. Bed rest is necessary and penicillin should be given
to eradicate streptococcal infection. Salicylates (with steroids if necessary) ameliorate
symptoms, but probably do not affect the progression of valvar damage. Prophylaxis
with penicillin should be continued long term, i.e. for 5 years). 



16  A 53-year-old male was
admitted with a 12-hour his-
tory of central chest pain. Phy-
sical examination was normal
and an ECG was obtained
(16). He was treated imme-
diately and observed on the
CCU, but after 24 hours he
became very breathless. On
examination he was clammy,
his heart rate was 135/minute,
systolic blood pressure was
70 mmHg (9.3 kPa), and JVP was elevated to the ear lobes. Widespread lung crackles
were heard and on cardiac auscultation there was a loud pan-systolic murmur and
thrill internal to the apex.
i. What is the ECG diagnosis?
ii. Which complication has occurred?
iii. How would you confirm your diagnosis?
iv. What is the management?

14–16: Questions

17

15  i. What is shown in these
radiographs (15)? 
ii. What is the diagnosis?

14  A 58-year-old female
presented to the emergency
department with severe dysp-
noea. She was taken urgently
to the cardiac catheter labora-
tory. Angiograms were ob-
tained (14).
i. What is the diagnosis?
ii. What treatment should be
administered?

14
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14–16: Answers

18

14  i. The angiogram in 14 shows a segmental pulmonary artery occlusion. It was
obtained in the course of an interventional approach to the management of the
woman’s acute pulmonary embolism. More commonly, nowadays, a noninvasive
approach will be used first, e.g. spiral CT.
ii. There are both general and specific considerations in the management of acute
pulmonary embolism. Resuscitation should be commenced with fluids, oxygen, and head-
down tilt (if necessary). Diuretics and vasodilators are harmful. Heparin is administered as
an intravenous bolus of 15,000 IU (215 IU/kg) followed by about 500 IU/kg/day.
Heparin’s principal role is probably the prevention of further thromboembolism, while the
body’s intrinsic thrombolytic mechanisms deal with the clot which has already formed. In
severe cases, thrombolytic therapy (usually streptokinase, 250,000–500,000 IU loading
dose over 30 minutes followed by 100,000 IU/hour) can be administered intravenously or
via cardiac catheter if, as in the case shown, an invasive approach has been used to confirm
the diagnosis acutely. The thrombotic material visualized at angiography should be
mechanically disrupted by forward and backward manipulation of the catheter and
streptokinase infused locally in addition. These measures will unload the right ventricle.
Subsequently, conventional therapy with anticoagulants is indicated. Low molecular
weight heparins also have a useful role in the subacute management of this disorder. 

15  i. The radiographs reveal calcification of the mitral valve and enlargement of the
left atrium, left ventricle, right atrium and ventricle, and pulmonary artery. Kerley B
lines and small pleural effusions can also be seen, with upper lobe diversion of the
pulmonary venous blood.
ii. The underlying diagnosis is post rheumatic mixed mitral valve disease. The calcified
mitral valve has been moderately stenotic for years; in addition, the immobility of the valve
leaflets has led to the valve becoming regurgitant. Besides left atrial enlargement (often a
feature of ‘pure’ mitral stenosis), the left ventricular enlargement is the clue to the mitral
regurgitation. As the pulmonary pressures have risen, right ventricular dilatation, tricuspid
regurgitation and right atrial enlargement have developed. The Kerley B lines, upper lobe
blood diversion and small pleural effusions are indicative of left ventricular failure.

16.  i. Anterior myocardial infarction.
ii. A VSD has developed. This can occur with inferior or anterior infarction, but is
more common with the latter. It presents with haemodynamic compromise and a pan-
systolic murmur.
iii. The diagnosis is best confirmed by echocardiography with colour flow Doppler,
which immediately identifies the problem and shows left and right ventricular
function. The differential diagnosis in a patient with sudden haemodynamic com-
promise and a new murmur after myocardial infarction is either VSD or acute mitral
regurgitation following papillary muscle rupture. (See also 130.)
iv. Early surgery is recommended. The condition carries a high mortality if treatment
is delayed. Intra-aortic balloon pumping is of particular help pre-operatively in
reducing the shunt, lowering the left atrial pressure, and improving forward flow, but
operation should not be delayed. 



19  A 34-year-old black female had
complained of being very breathless as
she approached term with her fifth preg-
nancy. She was admitted at 36 weeks
with a blood pressure of 140/85 mmHg
(18.7/11.3 kPa) and labour was induced.
However, within days the woman
developed worsening cardiac failure and
died. The specimen shown was obtained
at autopsy (19). 

What is the diagnosis and what is the
cause?

17–19: Questions

19

17  This 35-year-old male (17) collapsed
without warning on three occasions in
4 months. There were no premonitory
symptoms. 

Give a likely explanation and suggest
the most effective treatment.

18  A 47-year-old female with sore legs
and a year-long history of breathlessness
on exertion gave the chest radiograph
shown (18). She complained of occa-
sional palpitations and a specialist car-
diological consultation was arranged.
She died suddenly, prior to being seen. 

Suggest an underlying diagnosis and
account for the clinical course.
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17–19: Answers

20

17  The myopathic facies, frontal balding and wasting of the facial muscles suggest a
diagnosis of dystrophia myotonica (there is also ptosis, although this is not obvious
from the picture). Among the neuromuscular diseases, dystrophia myotonica is rela-
tively common. It has an incidence of 3–5/100,000 and is inherited as an autosomal
dominant disorder, due to a deficit on chromosome 19. Weakness of the neck flexors
is typical, with atrophy of the sternomastoids. Myotonia can be shown as a delay in
relaxation of skeletal muscle after mechanical or electrical stimulation. Other
associated features are cataracts, premature baldness, testicular atrophy, and dys-
function of visceral smooth muscle, such as the gut or uterus. With respect to the
cardiovascular system, it is the cardiac conducting tissues which are affected
principally; fatty infiltration, fibrosis and atrophy of the sinoatrial node, atrioventri-
cular node, bundle of His and bundle branches have all been found post-mortem.
Myocardial dystrophy may manifest itself as a mild cardiomyopathy, but leads to
heart failure in less than 10% of cases (cf. Friedreich’s ataxia). The most common
electrocardiographic abnormalities are prolongation of the PR interval, left axis
deviation, prolongation of the QRS complex, and right bundle branch block.
His–Purkinje disease can progress rapidly to complete heart block, producing
Stokes–Adams attacks, as here. Permanent pacing provides effective treatment.

18  The chest radiograph shows hilar lymphadenopathy and fibrosis. The woman
had sarcoidosis, with erythema nodosum causing the leg lesions. In this case there
was considerable cardiac involvement, with myocardial infiltration provoking
ventricular arrhythmias which were ultimately fatal.

Sarcoidosis is a granulomatous disorder characterized by the presence within
organs of the body of epithelioid tubercles (without the caseation which distinguishes
tuberculosis). Cardiac involvement in sarcoidosis is infrequent, about 1.5%, but the
incidence is higher in patients who die of the underlying disease. The myocardium
(especially the left ventricular free wall, ventricular septum, and papillary muscles)
has numerous areas replaced by granulomatous tissue. There is often extensive
fibrosis, which often involves the conducting tissues. The fibrosis causes a stiffening
of the left ventricle with impairment of left ventricular diastolic function, resulting in
a restrictive or congestive cardiomyopathy. Heart block and arrhythmias are frequent
and sudden cardiac death is a common end.

19  The post-mortem specimen is of a globally dilated heart. In the context of the
clinical history this is a typical case of peripartum cardiomyopathy, an uncommon
disorder with an incidence of about 1/3000 pregnancies. Biopsy specimens from
hearts with peripartum cardiomyopathy usually show acute myocarditis. As in cases
of myocarditis outside of pregnancy, the disease can be rapidly fatal, as here. How-
ever, if it is not, considerable improvement can occur. It is unusual for any evidence
of viral infection to be found. The myocardial inflammation may be immunologically
mediated with the fetus as antigen.



21  A 58-year-old male had a pro-
longed (>1 h) episode of chest pain
associated with profuse sweating,
nausea, and vomiting. He was told that
he had suffered a heart attack. After a
difficult first week, the patient’s course
was reasonable over the following
4 months, although his effort tolerance
was significantly curtailed.
i. The transducer in this investigation
(21) was placed in a low parasternal position. What structure is being assessed?
ii. What does the investigation show?
iii. What earlier event do you think caused the problem demonstrated?

20–22: Questions

21

20  A 54-year-old female was investigated for increasing breathlessness. She had been
noted to have had a murmur 20 years previously. Cardiac catheterization results
were as follows:

i. List three abnormalities.
ii. What is the diagnosis?

22  This scan (22) was obtained from
a 3-year-old male whose only symp-
tom was a moderate reduction in
effort tolerance.
i. What is the abnormality shown?
ii. What are the strengths and weak-
nesses of this technology in the in-
vestigation of the type of abnormality
shown?

2222

21

Chamber Pressure (mmHg [kPa]) O2 saturation (%)

Right atrium 8 (1.1) (mean) 66%
Right ventricle 42/3 (5.6/0.4) 66%
Pulmonary artery 44/18 (5.9/2.4) 67%
Pulmonary capillary wedge pressure 25 (3.3) (mean) –
Left ventricle 120/3 (16/0.4) 95%
Aorta 128/70 (17/9.3) 95%



20–22: Answers

22

20  i. Three abnormalities are (a) raised right atrial, right ventricular, and pulmonary
artery pressures, suggesting pulmonary hypertension; (b) elevated pulmonary capil-
lary wedge pressure, indicative of raised left atrial pressure; and (c) a gradient of
27 mmHg (3.6 kPa) across the mitral valve in diastole (for normal ranges, see the
tables facing the title page).
ii. The findings are consistent with severe mitral stenosis and secondary pulmonary
hypertension.

21  i. The echo view is a parasternal long-axis view of the tricuspid valve.
ii. This is a continuous-wave Doppler study which reveals significant tricuspid
regurgitation.
iii. The clinical history here describes features suggestive of an acute inferior myo-
cardial infarction with extensive right ventricular involvement. The right ventricular
infarction produced right ventricular dysfunction, with associated functional incom-
petence of the tricuspid valve. Generally, 2D echocardiography in functional tri-
cuspid regurgitation reveals only the non-specific effects of right ventricular volume
overload associated with tricuspid regurgitation of any cause, e.g. right ventricular
dilatation and reversed septal motion. Doppler echocardiography is a very sensitive
technique for detecting even the mild degrees of tricuspid regurgitation present in
normal individuals. An estimate of the severity may be made according to the
distance back into the right atrium that the regurgitant jet reaches. In the presence of
tricuspid regurgitation, right ventricular systolic pressure can be obtained from the
velocity (V) of the regurgitant jet, in that the systolic transvalvar pressure gradient is
approximately 4V2. The right ventricular systolic pressure is then approximately
equal to (4V2 + right atrial pressure). JVP can be used as an approximation to the
right atrial pressure.

22  i. This MRI scan shows a ventricular septal defect.
ii. This is a gated spin echo image with magnetic resonance. The method is
particularly good for the demonstration of atrial and ventricular septal defects, as well
as abnormalities of the inlets, outlets, and connections of the cardiac chambers. In
general, a 3D acquisition is performed in the form of multiple slices, typically of
10 mm (0.4 in) thickness, in three orthogonal planes. If necessary, a second
acquisition can be made, offset a few millimetres from the first. High field strengths,
e.g. 1.5 T, are necessary to produce images of adequate clarity. Functional data, such
as the detection of areas of turbulence, can be obtained by means of gradient echo
sequences with long echo times. Short echo times permit flow velocity mapping,
allowing the measurement of absolute flow; pressure gradients can be obtained in a
fashion analogous to that for Doppler echocardiography and the degree of ventricular
shunting can be calculated. In standard clinical practice, though, the same information
would be gained much more simply and less expensively by echocardiography.



23 & 24: Questions

23

23  The phonocardiogram
(23a) was obtained from a
young female said to have a
‘hole in the heart’. The patient’s
ECG is also shown (23b).
i. What abnormality can be
seen in the patient’s phono-
cardiogram?
ii. What does the ECG show?
iii. What do you think the
‘hole in the heart’ might be?

24  These two images (24a, b)
were obtained at angiography
in a 65-year-old female who
experiences moderate angina
of effort. She has a normal
resting ECG and inferolateral
ischaemia on exercise, but
good ventricular function.
i. What is the diagnosis?
ii. What are the options for
intervention?
iii. What is the evidence to
favour one interventional op-
tion over the other in these
circumstances?
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23 & 24: Answers

24

23  i. The phonocardiogram of this patient shows a soft ejection systolic murmur, best
heard in the pulmonary area, and a prolonged time interval between the aortic and
pulmonary components of the second heart sound (i.e. widely split A2 and P2). These
signs are suggestive of an atrial septal defect (ASD). The systolic murmur is soft and
related to increased forward flow; there is no murmur of mitral regurgitation.
ii. The ECG shows right axis deviation and right ventricular hypertrophy (note the
tall R waves in V1–V3 and T wave inversion in V1 and V2).
iii. The combination of phonocardiographic evidence of ASD and right axis deviation
makes the ‘hole in the heart’ likely to be an ostium secundum ASD. The right axis
deviation and right ventricular hypertrophy are consistent with right ventricular
cavity enlargement in secundum-type ASD. In contrast, ostium primum defects are
associated with left axis deviation, presumably caused by the anterosuperior division
of the left bundle branch being involved in the endocardial cushion defect, which is
central to the aetiology of ostium primum ASD.

24  i. This woman has critical coronary artery stenoses affecting the left anterior
descending coronary artery (LAD) (24a) and the right coronary artery (24b). The
circumflex has no significant stenosis.
ii. If not particularly symptomatic, the woman could be managed medically, with
optimal anti-anginal treatment, aspirin, and a statin. If the symptoms are more
severe, then percutaneous angioplasty, ± stenting of the stenoses should be per-
formed. In cases in which the percutaneous approach is either not feasible or fails,
coronary artery bypass grafting (CABG) could be performed. Exercise testing or
stress echocardiography could help define the threshold for myocardial ischaemia.
iii. With the recent completion of the SOS (stent or surgery) and ARTS studies, there
are more hard data to inform the view as to which revascularization approach is
superior. However, the patient’s preference remains a major determinant, bearing in
mind that although coronary angioplasty is a more immediate and smaller scale
procedure, there is an increased risk of recurrence of symptoms due to restenosis and
of need for repeat angioplasty or laser CABG surgery.



25–27: Questions

25

25  A 40-year-old male had undergone
surgery in his teens for an asymptomatic
disorder. After regular follow-up (which
included chest radiography) for a num-
ber of years, he had the investigation
shown in 25a.
i. What is the investigation and what
does it show?
ii. What was the original lesion?

26  A 48-year-old male was investigated
because of a recurrence of angina
18 months after an acute infarct. This
chest radiograph (26) was obtained.

Where do you think the original
infarct was?

2255aa

2266

27 A 35-year-old hypertensive male
underwent an investigation (27).
i. What is this investigation?
ii. What is the diagnosis?
iii. If this patient remains hypertensive
after any intervention to correct the
underlying abnormality, how might you
treat the hypertension?

2277



25–27: Answers

26

25  i. 25a is an oblique MRI of the
ascending aorta and aortic arch. It
shows a posterior aneurysm at the site of
a Dacron patch.
ii. This is a known complication of patch
grafting. The asymptomatic patient had
undergone resection of an uncompli-
cated coarctation of the aorta shortly
after it was discovered about 20 years
previously. A Dacron patch was used to
replace the section of aorta resected. The
man remained entirely asymptomatic for the next 20 years and the lesion shown was
discovered on a chest radiograph (25b) during routine screening in the course of an
assessment for life insurance. The MRI scan was performed during the further
investigation of the patient prior to a decision regarding surgery for the resection of
the aortic aneurysm at the site of the Dacron patch.

26  The chest radiograph shows calcification inside the cardiac apex. This is sugges-
tive of an anteroapical site for the previous myocardial infarction.

27 i. This is an aortic angiogram, which shows a stenosis of the descending aorta.
There is hypoplasia at the site of the obstruction and post-stenotic dilatation.
ii. The patient has coarctation of the aorta, a relatively common congenital heart lesion
found in about 1/4000 live births, more commonly among males. It is significantly more fre-
quent in Turner’s syndrome. The diagnosis should be made in infancy or young childhood,
but occasionally patients present with hypertension in adulthood. The upper limb hyperten-
sion is accompanied by a decreased pulse pressure below the coarctation and radial–
femoral arterial pulse delay may be detected clinically. In addition to the straightforward
radiological appearances, the fact that the condition was not detected until adulthood also
argues against the lesion being anything other than an isolated coarctation. This is because
complex lesions (e.g. with patency of the arterial duct or an associated ventricular septal
defect) present much earlier, often with congestive cardiac failure in infancy or childhood.
iii. There is no special strategy for treating persistent hypertension in patients with previous
aortic co-arctation. The general principles apply – start with the more simple but effective
agents. ALLHAT has shown that there is certainly no particular superiority of the newer
antihypertensive agents over more traditional ones such as thiazide diuretics. An eminently
rational schema for treatment is the AB/CD model – use of one out of the pair (ACEI or
Beta-blockers) or one of the pair (Calcium channel blockers or Diuretics) in the first
instance, followed by a trial of one of the other pair if there is little response. If the BP is
still not adequately controlled, then combine a drug from the first pair with one from the
second pair. The underlying concept is that younger patients (apart from Afro-Caribbean)
have higher levels of renin and will usually respond to one of the first pair of drugs, since
these affect the sympathetic nervous and renin–angiotensin systems, respectively. After this,
further agents, e.g. vasodilators, �-blockers, and centrally acting agents may be required.
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28 & 29: Questions

27

28 From the classic collection of a hospital cardiologist, these clinical investigations
(28a–d) were of 25-year-old male, found by his family doctor to have a murmur. 
i. What was the murmur and what is the underlying diagnosis?
ii. What are the treatment options?

29  What are the indications for an automatic implantable cardioverter defibrillator?
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2288dd2288cc



28 & 29: Answers

28

28  i. The murmur shown in the phonocardiogram (28c) is a continuous one, being
maximal at the aortic component of the second heart sound and minimal during the
first heart sound. It is the ‘machinery’ murmur of a patent ductus arteriosus. The
reason for the continuity of the murmur is that there is a flow of blood through the
patent arterial duct in both diastole and systole. (This is no longer the case once
pulmonary vascular disease has developed; in these circumstances the murmur is
shorter and predominantly diastolic, and P2 is accentuated. The increased trans-mitral
flow due to left-to-right shunting may be heard as a mid-diastolic mitral murmur.
With shunt reversal, the systolic murmur is yet shorter and an early diastolic pul-
monary regurgitant murmur can be heard.) Despite the phonocardiogram, the chest
radiographs (28a, b) are not particularly unusual. The angiogram (28d) confirms
patency of the arterial duct as contrast flows from the aorta to the pulmonary artery.
ii. The appropriate treatment is elective closure of the patent ductus, either per
catheter or at open operation, unless the duct is very small, in which case the only
reason to close it would be to remove the risk of endocarditis.

29 An automatic implantable cardioverter defibrillator (AICD) is a 50–100 g (2–3 oz)
device which can automatically monitor and analyze a cardiac rhythm and then, if
ventricular fibrillation is detected, delivers a defibrillatory shock. As with conventional
pacemakers, the pulse generator is usually placed in a subcutaneous pocket in the
front of the chest. The ventricular lead contains coils for the delivery of the
defibrillatory shocks in addition to the pacing electrodes. Additional leads may be
deployed for right atrial and/or left ventricular pacing (see 1). The indications for use
are primary and secondary prevention of ventricular arrhythmias leading to sudden
death especially in high risk patients with advanced heart disease, for example those
with coronary disease, LV dysfunction, and inducible VT. They are also indicated for
secondary prevention in patients with confirmed episodes of sustained VT and/or
cardiac arrest. The benefits of device therapy over conventional, antiarrhythmic
medication have been established in several studies including (for secondary preven-
tion) AVID, CIDS, and CASH and (in primary prevention) MADIT (1 and 2), CABG
Patch, and CAT. The devices are likely to be of benefit in other high risk situations,
e.g. Brugada syndrome, long QT syndromes, and hypertrophic cardiomyopathy, but
the small numbers involved have, to date, precluded randomized studies.



30  A 40-year-old male from Kerala,
southern India, was reviewed because
of fatigue and atypical chest pain
present for 1–2 years. No other
remarkable features emerged in the
history. Physical examination re-
vealed elevation of the venous pres-
sure according to the pattern shown
in the middle trace (VP, 30). The
ECG revealed left ventricular hyper-
trophy (LVH) only, the chest radio-
graph was reported as normal and the
blood film was normal. Suggest a further key investigation and a diagnosis.

30 & 31: Questions

29

31  A 55-year-old female with mild
breathlessness on exertion suddenly
developed severe pain in her right
foot. When she presented to hospital,
the right leg was cold and pulseless
and the great toe was as shown (31a).
The chest radiograph (31b) was per-
formed prior to surgery. In the event,
a local anaesthetic was administered
and a procedure performed.
i. What is the underlying cardiac
disease?
ii. What complication has occurred?
iii. Describe the acute and longer-
term management.
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30 & 31: Answers

30

30  Shown is a venous wave form with a raised venous pressure overall, prominent v
wave and a rapid y descent. It is typical of restrictive cardiomyopathy. There are
several important clues in the question which lead to the diagnosis of tropical
endomyocardial fibrosis (EMF). The patient originates from South India. There are
no examination findings to suggest constriction (such as a paradoxical pulse). An
echocardiogram would be extremely valuable and might show several of the
following features. Pericardial effusion is common in EMF, but the heart size remains
normal. Both ventricles are involved in the fibrotic process in about half the cases of
EMF, with thickening of the right ventricular inflow tract, apex, and papillary
muscles, as well as of the tricuspid support structures. On the left, the inflow tract
and posterior mitral leaflet are affected. Mural thrombosis with organization is
common in both ventricles; the right apex in particular is obliterated when viewed
echocardiographically. Right atrial thrombus is commonly detected. Treatment
options other than drug therapy for established heart failure are limited and risky.
However, surgical resection of fibrotic endocardium, with mitral valve replacement
where appropriate, may be beneficial. The differential diagnosis would include
Löffler’s syndrome, but the absence of eosinophilia argues against this.

31  i. The underlying cardiac disorder is mixed mitral valve disease. The chest
radiograph (31b) shows the enlarged left atrium and prominent right heart border
typical of mitral valve disease.
ii. 31a shows infarction of the right great toe due to an embolus that has travelled
through the left femoral and popliteal arteries before lodging in the relevant digital
artery of the foot. (The digital arteries are end arteries.)
iii. The acute management is described in the question. An embolectomy was
performed using a Fogarty catheter under local anaesthetic and a clot removed from the
right popliteal artery. Subsequent to this, initial anticoagulation with heparin and then
oral anticoagulation with warfarin should be instituted, and digoxin administered for
control of the ventricular response to the atrial fibrillation. The severity of the mitral
valve disease should be assessed by ECG, chest radiograph, and echocardiography.



32 & 33: Questions

31

32  A chronically breathless patient was
assessed in the outpatient clinic and the
ECG (32a) and chest radiograph (32b)
obtained.
i. What is shown and what is the
underlying disorder?
ii. What physical signs are specific to this
disorder?

33  What operation has been
performed (33)?
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32 & 33: Answers

32

32  i. 32b shows hyperinflation of the lungs (attenuation of the peripheral lung fields
and flattening of the hemidiaphragms) and an enlarged right heart. The ECG shows
right axis deviation, tall P waves (‘P pulmonale’ – especially in II, III, aVF, and V2),
and prominent R waves in V1 and V2, but overall the QRS complexes are small.
Investigations into the relationships between these electrocardiographic features and
the severity of cardiological or pulmonary functional derangements in this condition
have shown right axis deviation to be quite a sensitive index of pulmonary hyper-
tension, but links with the other electrocardiographic signs are tenuous. The findings
are typical of chronic obstructive pulmonary disease (COPD).
ii. The physical signs include those of hyperinflation of the chest, with tachypnoea
and use of the accessory muscles of breathing. Central cyanosis may be detectable if
(traditionally) 5 g/dl of reduced haemoglobin is present, a concentration which
corresponds to an arterial oxygen saturation of <70% and arterial oxygen tension of
about 50 mmHg (6.7 kPa). Wheezing indicates the presence of bronchoconstriction.
Basal crepitations can often be heard, but are not necessarily indicative of left
ventricular failure. (At the bedside, the Valsalva manoeuvre can help in the clinical
distinction of COPD from left ventricular failure [see 164]. Formal cardiopulmonary
exercise testing with measurement of maximal oxygen uptake [MVO2] can also
distinguish these.) In severe cor pulmonale, signs of right heart failure with tricuspid
regurgitation may be elicited.

33  A saphenous vein bypass graft is shown. Coronary artery surgery is recommended
for prognostic purposes in patients with either severe three-vessel coronary artery
disease or left main stem involvement. Saphenous veins are applied to the ascending
aorta and attached to the coronary arteries distal to the diseased segments. The
internal mammary artery is commonly used to bypass stenoses in the left anterior
descending artery and produces better long-term patency. The right internal mammary
artery is sometimes used to graft the right coronary artery. The gastroepiploic arteries
have been utilized for coronary artery bypass grafting, but the long-term results have
been unimpressive. In contrast, radial arterial conduits have come into regular use and
their long-term outlook is promising. Saphenous vein grafts have a peri-operative
occlusion rate of 10% and a life of approximately 10 years. Angina recurs in 50% of
patients within 5 years. The speed at which the grafts occlude depends a great deal
upon whether the patient has poor control over risk factors such as smoking, raised
serum cholesterol, and poorly controlled diabetes mellitus.



34  A 40-year-old male com-
plained of angina – his resting
ECG is shown in 34a. A rather
inexperienced junior doctor
saw him in the outpatient
clinic and, having heard a sys-
tolic murmur, ordered an echo-
cardiogram (34b). Because of
the presenting complaint, the
doctor also arranged an exer-
cise treadmill test. (AO, Aorta;
LV, left ventricle; LA, left
atrium; RVOT, right ventricu-
lar outflow tract; LVPW, left
ventricular posterior wall; IVS,
interventricular septum.)
i. What does the echocardio-
gram show?
ii. What does the ECG show?
iii. What is the diagnosis?
iv. Was the exercise test a good
idea?

35  A 55-year-old female employed in a bar found that her work was impaired be-
cause of sudden episodes of breathlessness. She consulted her family doctor who
recorded this ECG (35).
i. What is the most likely explanation of the symptom?
ii. How would you treat an acute severe episode?
iii. What further investigations are indicated?

34 & 35: Questions

33
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34 & 35: Answers

34

34  i. The echocardiogram (34b) shows considerable enhancement of echoes from the
aortic valve, demonstrating thickening and calcification of the valve. There is also
reduction in movement of the valve leaflets. The left ventricular wall thickness is
greater than normal.
ii. The ECG (34a) shows left ventricular hypertrophy with lateral ST segment depres-
sion at rest (‘strain’ pattern).
iii. The underlying diagnosis is aortic stenosis. There is no simple relationship be-
tween the measured voltages on the ECG and the trans-aortic gradient, neither is
there a clear relationship between the latter and the amount of valve calcification.
However, the presence of the strain pattern on the ECG is suggestive of severe left
ventricular hypertrophy. Continuous-wave Doppler echocardiography is used to cal-
culate the left ventricular–aortic pressure gradient.
iv. In general, exercise testing is contraindicated in symptomatic and/or severe aortic
stenosis, because of the risks of syncope and arrhythmia. The syncope is at least
partially due to inadequate ventricular filling during tachycardia, as well as to left
ventricular ischaemia. In addition, baroreceptor activation and peripheral vasodilata-
tion may cause systemic hypotension. Arrhythmias are probably due to ischaemia of
the hypertrophied myocardium.

35  i. The ECG shows atrial flutter (note the ‘sawtooth’ pattern of F waves). Atrial
flutter is a re-entrant atrial arrhythmia with a formal rate of about 300 b.p.m. Typi-
cally, 2:1 atrioventricular block is present, giving a ventricular rate of about
150 b.p.m., as shown. This paroxysmal arrhythmia is responsible for the attacks of
breathlessness. The woman is employed in a bar and both increased alcohol
consumption and coronary artery disease have an above-average prevalence among
this group of workers. Other causes of flutter must be excluded – paroxysmal atrial
flutter may occur in the absence of organic heart disease (see iii).
ii. In an acute episode of atrial flutter, a low energy DC shock is highly effective. In
addition, vagal manoeuvres or adenosine bolus can sometimes reduce the ventricular
rate by transiently increasing the degree of atrioventricular block. Several drugs may
provide short-term rate control (including digoxin, quinidine, verapamil, beta-
blockade, propafenone, flecainide, or amiodarone), either by slowing the flutter rate
or increasing the degree of atrioventricular block. However, this arrhythmia tends to
be resistant to pharmacological reversion, despite nearly always responding to
electrical cardioversion. 
iii. Thyroid disease should be excluded. Myocardial ischaemia should be considered,
but atrial flutter or fibrillation are not usually caused by it. Echocardiography is of
value for the assessment of any underlying structural (including valvar) heart disease.



36 & 37: Questions

35

36  A 70-year-old male was admitted
with severe central chest pain, and al-
though his condition was stable for the
first 4 days, it declined and he was taken
for emergency surgery.
i. What can you see (36)?
ii. How common is this?

37 This female (37a, b) recently felt worsening congestion of the head and suffered
from headaches, particularly early in the morning. Before this her main complaint
was of breathlessness.
i. What is the recent development?
ii. What is the underlying lesion?
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36 & 37: Answers

36

36  i. The left ventricle of the heart is shown and there is a fresh infarct. There is a
bulge in the infarcted area and at the apex of the bulge the tissues are abnormally
thin. There is incipient rupture of the left ventricle in a patient who had an anterior
infarct 5 days previously.
ii. Overall, approximately 10% of fatalities after acute myocardial infarction are cases of
left ventricular free wall rupture. The majority of these occur within the first 2–3 days after
infarction and death is virtually always the outcome, via cardiac tamponade. The rupture
develops through a tear at the margin of viable and necrotic myocardium, promoted by the
pressure generated during systole and the shear stresses caused by the contraction of viable
myocardium in continuity with akinetic tissue. The clinical scenario here is a patient
recovering from a myocardial infarction, with infarct expansion and thinning and
aneurysm formation. In a few cases, the pathway through the myocardium is indirect,
following tissue planes, so that the rupture takes the form of a more gradual leak and
slower build up of tamponade than occurs in the rapidly fatal cases. It is in cases like these
that there may be an opportunity for a life-saving cardiac surgical intervention. A reduction
in the incidence of ventricular rupture after myocardial infarction is one of the benefits of
beta-blockers given post myocardial infarction. The incidence of rupture has not been
increased by the use of thrombolytic agents. Infarction spreads outwards from endo- to
epicardial layers. In limiting infarct size, the epicardial layers tend to be preserved. (These
layers are integral to the formation of pseudoaneurysms. When the latter are formed, both
the risk of rupture and the incidence of pericarditis are reduced.)

37  Distension of the veins of the neck due to obstruction of the superior vena cava is
seen in 37a; a selective enlargement is shown in 37c. There are several potential causes of
this, the most common of which is bronchial carcinoma with local spread. Irradiation of
the chest and constrictive pericarditis are also recognized causes. In this case, the chest
radiograph (37b) shows an aneurysm of the ascending aorta. Thus, the likely sequence
of events here is that the gradually enlarging aortic aneurysm eventually produced
compression of the superior vena cava. The aneurysm was associated with dilatation of
the aortic valve ring, the latter producing valvar regurgitation, left ventricular dilatation,
left ventricular failure and breathlessness.

3377cc



38 & 39: Questions

37

38 Investigations of a 40-year-old male
with atypical chest pain produced (38a–c).
i. What does the arteriogram show?
ii. Does this condition carry any in-
creased cardiovascular risk?

39  A 40-year-old male presented with chest pain on exertion.
i. Comment on the pressure trace (39).
ii. What is the most probable underlying aetiology for the abnormality on the pres-
sure trace?
iii. What is the management?
iv. What may you see during angiography of the left coronary artery?
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38 & 39: Answers

38

38  i. This arteriogram shows the left coronary artery (LCA) originating from the right
sinus of Valsalva. As far as can be seen from this view, the artery itself is normal.
ii. A number of congenital abnormalities of the coronary arteries are recognized,
including anomalous origin of a coronary artery (usually the left) from the pul-
monary artery, origin of the left coronary artery (or just its circumflex branch) from
the right sinus of Valsalva, origin of the right coronary artery from the left sinus of
Valsalva, or hypoplastic coronary arteries and coronary artery–intracardiac shunts
(coronary–cameral fistulae). Some of these abnormalities are associated with an
increased risk of sudden cardiac death, even in the absence of atheromatous coronary
artery disease (CAD). Of the abnormalities listed, the most common is origin of the
circumflex from the right coronary sinus, whereas anomalous origin of a coronary
artery from the pulmonary artery is the most fatal, often being associated with mas-
sive anterior infarction in infancy. In the case shown, with the left coronary artery
originating from the right sinus of Valsalva, compression of the anomalous artery
between the aortic and pulmonary artery roots, especially when the latter are dilated
during exercise, is said to be of pathophysiological significance.

39  i. This is a withdrawal trace from the left ventricle to the aorta. The left
ventricular pressure is 200/0 mmHg (26.7/0 kPa) and the pressure in the aorta is
120/60 mmHg (16/8 kPa). The peak-to peak gradient across the aortic valve is
80 mmHg (10.7 kPa). This is an example of moderate-to-severe aortic stenosis.
ii. The most probable cause of aortic stenosis in a relatively young patient is an
underlying congenital abnormality of the aortic valve. The commonest such abnor-
mality is a bicuspid aortic valve, present in approximately 1% of the population. The
bicuspid valve is exposed to higher turbulent jets in systole than is a three-cusped
aortic valve. This leads to calcification of the valve over a period of time, resulting in
aortic stenosis. The valve is also prone to infection, so antibiotic prophylaxis is
advised during dental work and internal instrumentation (see 180).
iii. Surgery is recommended as soon as patients develop symptoms.
iv. The left main stem is often short and the circumflex artery is dominant.



40 & 41: Questions

39

40 A previously fit 21-year-old female presented with acute heart failure after a few
days of a ‘flu-like’ illness. After stabilization of her condition, a number of investiga-
tions were performed, one of which is shown here (40).
i. What does the illustration show?
ii. What is the diagnosis and can you be specific?

41  A 55-year-old male underwent
coronary artery bypass graft surgery,
without any apparent complication.
However, his wife commented during the
first few days after surgery that he was
‘just not the same man as he used to be’.
An image of the retinal circulation was
obtained (41).

Suggest an explanation.
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40 & 41: Answers

40

40  i. The slide shows infiltration of the myocardium with mononuclear and
inflammatory cells and myocytolysis.
ii. The clinical diagnosis is acute (viral) myocarditis. In practice, this is suggested by
the preceding viral illness and the presentation with acute heart failure. Typically,
there is a wide range of electrocardiographic abnormalities, ranging from varying
degrees of heart block (atrioventricular and bundle branch block), atrial and
ventricular premature beats, atrial fibrillation, to ventricular tachycardia. Pathologi-
cal Q waves, ST segment elevation, and T-wave inversion may mimic acute infarc-
tion. Chest radiographs and echocardiograms usually show significant dilatation of
the chambers of the heart; in addition, a small pericardial effusion may be found.
Rising viral titres may be found on serological testing. As far as the biopsy specimen
itself is concerned, the microscopic evidence fits the Dallas Myocarditis Panel
definition of myocarditis as ‘being characterized by an inflammatory infiltrate and by
injury to adjacent myocytes that is not characteristic of acute infarction.’ Immuno-
histochemical staining enables the cells to be identified as T lymphocytes. Viruses
have rarely been cultured from biopsy specimens, such as the one shown, and neither
have viral antigens been detected, but serological tests may allow the likely causative
organism to be identified retrospectively. Any of a very wide range of bacteria, fungi,
spirochetes, protozoa, metazoa and rickettsia may be responsible.

41  A cholesterol embolus is shown in the retinal circulation. Clinically, the patient
did undergo a temporary personality change, which was associated with a measurable
neuropsychological deficit. This problem is reported to have a prevalence of anything
from 1–15% for severe persistent deficits and 5–35% for minor and temporary
disturbances. Although the precise mechanism has not been established beyond doubt,
a number of hypotheses have been proposed, none of which are mutually exclusive.
These include impaired cerebrovascular perfusion during cardiopulmonary bypass due
to platelet aggregates, embolization of thrombus from the left atrium or ventricle, or
atheroma from the ascending aortic endothelium. However, previously undiagnosed
cerebrovascular disease may be involved, as may thrombosis in situ within the cerebral
circulation under the circumstances of cardiopulmonary bypass. The tendency in
mechanical ventilation to overventilate subjects, thereby making them hypocapnic
with associated cerebral vasoconstriction, has also been implicated, as has a potential
contribution of reduced cerebral perfusion due to the cardiopulmonary bypass itself
(the perfusion pressure of which is about 50 mmHg [6.7 kPa]). Unfortunately, the
introduction of finer filters to prevent small emboli, attention to isocapnic ventilation,
pulsatile flow from the bypass machine, or increases in perfusion pressure to the brain
do not seem to have had much impact upon the overall results. More recently, an
important role has been suggested for inflammation, in view of the  demonstration of
elevated systemic levels of inflammatory cytokines.



42–44: Questions

41

43  This patient (43) presented
with breathlessness.
i. What is the underlying diag-
nosis?
ii. List four possible causes for
the breathlessness.

44  What would be the prog-
nosis and management if you
observed this tracing (44) in:
i. A 27-year-old asymptomatic
professional footballer.
ii. A 54-year-old female,
5 days after an inferior myo-
cardial infarction.
iii. A 72-year-old male with a
year’s history of stable angina
of effort.

42  This 65-year-old
male (42) presented with
acute chest pain, tachy-
cardia and hypotension. 

What is the diagnosis?
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42–44: Answers

42

42  This echocardiographic view shows a raised intimal flap close to the aortic valve.
The valve annulus is symmetrical, but not disrupted, and the aortic dissection is
confined to the proximal thoracic aorta; it is therefore a DeBakey type II dissection.
This question demonstrates how echocardiography can image the basic lesion in an
acute aortic root dissection. Although transthoracic echo may show it,
transoesophageal echocardiography is better, with both sensitivity and specificity of
the order of 97%. The additional use of colour flow Doppler can permit the
localization of points of communication between the true and false lumina. Echo-
cardiography has revolutionized the diagnosis of proximal aortic dissection and, in
most cases, has obviated the need for CT or MR scanning and the previous mainstay
of diagnosis, aortography.

43  i. The diagnosis is scleroderma. The picture of the hands shows both
sclerodactyly and changes consistent with Raynaud’s phenomenon.
ii. Possible causes of breathlessness are lung fibrosis, cardiac failure due to cardio-
myopathy, pulmonary hypertension, pericardial effusion, heart block, and anaemia.

Systemic sclerosis is a multisystem disorder affecting the skin, kidneys, lungs,
gastrointestinal tract and the heart. The disorder has an autoimmune aetiology and is
characterized by intimal proliferation within small arteries which lead to necrosis and
fibrosis of tissue. Pericarditis is the most common cardiac manifestation and may be
complicated by effusions and pericardial constriction. The large epicardial arteries
are normal, but angina can occur due to intimal proliferation in the small arterioles.
Long-standing ischaemia and necrosis with subsequent fibrosis of myocardial tissue
can lead to a myocardial failure. Fibrosis of the conducting tissue can result in
various degrees of heart block. Valvar involvement is rare. Hypertension is com-
monly due to fibrinoid necrosis within the renal glomeruli. Accelerated hypertension
is a well-recognized complication of systemic sclerosis.

44  Careful attention to the relationship between the P waves and the QRS complexes
in this trace shows that not every P wave is followed by a QRS complex (i.e.
conducted to the ventricles). However, there is no gradual increase in the PR interval
prior to the non-conducted P wave. This is Mobitz type II atrioventricular (AV) block.
The likelihood of progression to complete AV block depends on the clinical context.
i. The 27-year-old professional footballer, free of symptoms, probably has transient
type II block due to high vagal tone. He needs no further treatment.
ii. In the case of the 54-year-old woman 5 days after an inferior myocardial infarction, the
period of time after the infarct is too long for the AV block to be assumed to be
temporary and reversible. She should be monitored for a few days more and then
exercised to investigate whether she develops ischaemic changes and, if so, whether this
worsens the AV block. Treatment for the ischaemia per se may protect against worsening
of the AV block. It is very likely that the woman will later need a pacemaker insertion. 
iii. Progression to complete heart block is likely in the case of this older patient with
established coronary artery disease and pacemaker insertion is necessary.



45 & 46: Questions

43

45 A child with the problem shown here
(45) underwent a major cardiac surgical
procedure.
i. What is the underlying diagnosis?
ii. What definitive procedure could be
performed?

46  This young female (46) has
been noted to have a systolic mur-
mur at the second intercostal space
to the right of the sternum
i. What is the diagnosis?
ii. What is the murmur due to?
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45 & 46: Answers

44

45  i. The angiogram shows the passage of contrast from the right atrium to an
enlarged and thickened right ventricle (atrioventricular concordance), and thence into
the aorta. There is ventriculo-arterial discordance – the aorta is both anterior and to
the right of the pulmonary artery. This characterizes complete transposition of the
great vessels (TGV). In the example shown there is an associated ASD. Without an
associated ASD or VSD, closure of the ductus arteriosus after birth results in a
complete separation of the systemic and pulmonary circulations, a situation which is
incompatible with life. Prior to ductal closure, cyanosis develops, there is low
peripheral vascular resistance, high pulmonary flow, and left ventricular failure
supervenes. There is therefore (at least initially) the combination of bounding pulses
(high output) and a blue baby (cyanosis). In this particular case, the ASD allowed
shunting of a measure of oxygenated blood from the left atrium to the right atrium,
thence through the right ventricle and aorta and to the systemic circulation. The time
to development of congestive cardiac failure depends inversely on the amount of left-
to-right shunting. The combination of TGV and ASD is prognostically one of the best
arrangements, children with TGV usually surviving many months unoperated.
ii. Although (a) a prostaglandin infusion can be of value in keeping the ductus tem-
porarily patent in a very cyanosed neonate and (b) a balloon septostomy (Rashkind
procedure) can, by enlarging a patent foramen ovale, increase intra-atrial mixing, a
definitive procedure is necessary, usually between 6 months and 1 year.
Reconstruction at the atrial level (e.g. Senning or Mustard procedures) diverts the
pulmonary venous return through the tricuspid valve to the right ventricle and from
there to the systemic circulation and, conversely, the systemic venous return from the
left atrium via the mitral valve to the left ventricle and from there to the pulmonary
artery. The most popular approach currently is the arterial switch operation,
performed as early as possible to switch the great arteries to the correct ventricles. If
this operation is delayed too long after birth, the left ventricular mass will be too low
(due to ejecting into a low pressure system) and will be incapable of sustaining the
necessary pressures after the switch. Pulmonary artery banding may be necessary as
an interim measure to evoke left ventricular hypertrophy before the switch operation.
Ideally, the infant should undergo total surgical correction in early infancy.

46  i. A phenotypic female with Turner’s syndrome is shown. The short stature,
webbed neck, and cubitus valgus are characteristic. Turner’s syndrome has an in-
cidence of 1/2500 births and is due to the genotypic defect of one X chromosome
being absent (45 X0). 
ii. Turner’s syndrome is associated with coarctation of the aorta in up to 10% of
cases. A smaller percentage of patients have congenital aortic valve stenosis. In the
girl here, the systolic murmur is due to coarctation of the aorta. Other consistent
clinical features would be detectable, such as brachial arterial hypertension and
delayed small-volume femoral arterial pulses. Reconstructive surgery is indicated for
the coarctation.



48  A 48-year-old male was
admitted to the CCU and an
uncomplicated anterior myo-
cardial infarction was diag-
nosed. His chest pain, how-
ever, was troublesome and
difficult to manage – in fact, he
was not really rid of the pain
until 3 days after admission. 

Explain the pattern of car-
diac enzymes shown here (48).

47–49: Questions

45

47  This is a pathological
specimen (47) from a 38-year-
old male who complained of
polyuria and was being treat-
ed for hypertension with a
beta-blocker. He was persis-
tently hypokalaemic.
i. What is shown?
ii. How do you account for
the polyuria?

CK AST
LDH

24 48 72

Time (hours)

S
er

u
m

 e
n

zy
m

e 
le

ve
l

4488

49  A 39-year-old male was
admitted with a fever, tachy-
cardia, and breathlessness. He
died within 3 hours of admis-
sion.
i. What does the heart show
post-mortem (49)?
ii. What is the likely respon-
sible organism?
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47–49: Answers

46

47  i. A macroscopic section of an adrenal gland is shown. There is a firm, yellow,
well-defined lesion within the adrenal gland, typical of an adrenal adenoma. The
history of hypertension and hypokalaemia fits with either an aldosterone- or a
corticosteroid-producing tumour.
ii. The cause of polyuria is either hypokalaemia-induced nephrogenic diabetes
insipidus or an osmotic diuresis induced by hyperglycaemia. Patients with primary
hyperaldosteronism usually have a mild hypernatraemia, but hyperglycaemia is
unusual. Patients with a corticosteroid-secreting adenoma are usually Cushingoid and
have hyperglycaemia. The information given here cannot reliably differentiate
between the two conditions. An elevated serum aldosterone level in the presence of a
suppressed serum renin level would help diagnose primary hyperaldosteronism. An
elevated cortisol level which fails to be suppressed by high-dose dexamethasone
would diagnose a corticosteroid-producing adenoma. Both conditions are recognized
but rare causes of secondary hypertension (see also 178).

48 The necrosis of cardiomyocytes, which characterizes myocardial infarction,
permits the release of a number of intracellular enzymes. The principal ones measured
are creatine kinase (CK, of which the CK-MB isoenzyme is fairly specific for
myocardial necrosis and can be of diagnostic value if the ECG is equivocal), aspartate
aminotransferase (AST), and lactic dehydrogenase (LDH, which has five isoenzymes
and is sometimes measured as hydroxybutyric dehydrogenase activity, HBD). It is the
time course of changes in the levels of these enzymes which, in the context of chest
pain and electrocardiographic changes, allows a clinical definition of myocardial
infarction. An increase in CK can be detected within about 4 hours of infarction; it
peaks between 6–12 hours in the case of early reperfusion after thrombolytic therapy
and between 12–24 hours if there is no early reperfusion. AST peaks at about
48 hours and LDH around 72 hours. In the example shown, a second CK peak can be
seen about 48 hours after admission, suggesting early reinfarction or that the original
episode was of a ‘stuttering’ nature. Such a patient should, if possible, have been taken
to the catheter laboratory and angioplasty of the culprit lesion performed. Recently,
cardiac troponin I and troponin T levels have become established as the leading
markers of myocardial necrosis with even greater specificity, an earlier time course of
rise, and a persistent elevation for a greater period (1–2 weeks) compared to CK-MB.

49  i. The heart shows gross ulceration of the endocardial surface, including of the
valves.
ii. The clinical history and gross post-mortem appearances are characteristic of acute
pyogenic endocarditis. The most likely cause is Staphylococcus aureus. In acute
endocarditis, the patient is extremely ill with fulminant septicaemia and rapid
destruction of heart tissues, abscess formation as shown (but often few or only small
vegetations), and systemic effects of sepsis, including shock and disseminated coagu-
lopathy (see also 63).



52  A 63-year-old female was admitted with pains in all four limbs and with
difficulty in lifting heavy objects. She had been seen in clinic six weeks previously and
noted to have a serum cholesterol of 8.3 mmol/l (321 mg/dl). The attending doctor
commenced her on a statin drug to help reduce the cholesterol level because he was
worried about its effects on the coronary arteries, particularly because she was a
smoker and also suffered with hypertension. She was a teetotaller. On examination
she had tender muscles, her blood pressure was 150/90 mmHg (20/12 kPa), and
serum electrolytes were: sodium, 131 mmol/l (mEq/l); potassium, 6.0 mmol/l (mEq/l);
urea, 15 mmol/l (BUN, 42 mg/dl); creatinine 600 μmol/l (6.8 mg/dl).
i. What is the diagnosis?
ii. How can the diagnosis be confirmed?
iii. What is the probable causal agent in this case?

50–52: Questions

47

50  A 56-year-old male (50)
was referred to a cardiologist
because his blood pressure was
155/95 mmHg (20.7/12.7 kPa)
and he had also felt his ‘heart
jumping’. On further question-
ing, he said he had difficulty
sleeping. On examination, his
heart rate was 110 b.p.m.,
regular, and a click and late
systolic murmur were heard. 

Explain the findings and
give the diagnosis.

51 i. What does this chest radiograph
(51) show?
ii. What are the advantages and disad-
vantages of this artificial implant?
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50–52: Answers

48

50  The man has obvious exophthalmos; thus the underlying disorder is Grave’s disease,
i.e. hyperthyroidism due to a circulating auto-antibody to the thyroxine receptor. He
had a sinus tachycardia on examination, but had experienced paroxysms of atrial
fibrillation, hence the ‘heart jumping’. In addition to this, the click and late systolic
murmur were due to mitral valve prolapse, a disorder with a reported incidence of up to
30% in patients with hyperthyroidism. More generally, a wide range of cardiovascular
symptoms and signs can be found in the hyperthyroid patient, including palpitations,
breathlessness, tachycardia, and systolic or even diastolic hypertension. The circulation is
typically hyperdynamic with a loud first heart sound and, at times, a third sound.
Haemodynamically, cardiac output is increased, as are ejection fraction and velocity of
wall shortening. The systolic ejection period is shortened and the pulse pressure
widened; peripheral resistance is reduced. However, most of the changes listed are due to
increased myocardial contractility, rather than reduced left ventricular afterload. Sinus
tachycardia is characteristic of the hyperthyroid state and the heart rate increase is
proportional to the disease severity. Paroxysms of atrial fibrillation are common and
persistent atrial fibrillation readily becomes established. Less commonly, atrioventricular
conduction defects are found in thyrotoxicosis, as are supraventricular tachycardia and
atrial flutter. In severe untreated thyrotoxicosis, cardiac failure can ensue.

51 i. The chest radiograph shows a Starr–Edwards valve in the mitral location –
both the ball and the cage of the prosthetic valve can clearly be seen.
ii. As with other mechanical valve prostheses, life-long anticoagulation is required in
patients with a Starr–Edwards valve prosthesis. In addition, the development of a
paravalvar leak can cause appreciable haemolysis. Haemodynamically, there might
be a greater degree of residual functional stenosis with the Starr valve than with tilt-
ing disc prostheses, especially in patients with a small left ventricular cavity. How-
ever, this is offset by a long track record of durability. Levels of anticoagulation used
now are lower than formerly, which has reduced the risk of bleeding while not
increasing the thromboembolic risk.

52  i. The history of muscular pain and evidence of renal impairment with dispropor-
tionate elevation of the serum creatinine compared to the serum urea, point to the
diagnosis of rhabdomyolysis.
ii. The diagnosis can be confirmed by finding an elevated serum creatinine phospho-
kinase and by the estimation of urinary myoglobin.
iii. The most probable cause of rhabdomyolysis in this case is treatment with the statin
drug. The statins are extensively used for the treatment of hypercholesterolaemia and
are very effective drugs in this situation. Very rarely they can cause a myositis, which
can precipitate renal failure from the toxic effects of myoglobin on the renal tubules.
This complication is more likely when statins are used in conjunction with fibrates for
the management of hypercholesterolaemia. Management involves withdrawal of the
drug and a forced diuresis with central venous monitoring. If the patient becomes
oliguric or the creatinine continues to rise then dialysis may become necessary.



53 & 54: Questions

49

53  i. What is this investigation (53), performed on a young female, mildly breathless
on exertion?
ii. What does it depict?
iii. Suggest an underlying disorder.

54  This investigation (54) was per-
formed upon a 28-year-old teacher who
complained of fluttering episodes in the
chest. On further questioning, she also
admitted to occasional panic attacks,
fainting attacks and chest pain.
i. What does this investigation show and
what is the diagnosis?
ii. What are the physical signs specific to
this condition?
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53 & 54: Answers

50

53  i. The investigation is a phonocardiogram, recorded at the left sternal edge.
ii. There is a loud medium-pitched pan-systolic murmur.
iii. The underlying disorder is a restrictive ventricular septal defect (VSD). The nature
of the added sounds in cases of VSD can convey useful clinical information about the
condition. Thus, in a small VSD, the murmur is usually a harsh pan-systolic one,
heard maximally around the left side of the sternum, in the third intercostal space.
The murmur may not be pan-systolic if the VSD is in the muscular septum and closes
during systole due to the contraction of the heart. Conversely, it may terminate
during systole because of shunt reversal due to pulmonary hypertension. The aortic
component of the second heart sound is usually buried in the systolic murmur. With
large left-to-right shunts, a left ventricular third heart sound may be audible, as well
as a mid-diastolic murmur due to the increased trans-mitral flow. In patients with
large non-restrictive defects, an ejection systolic murmur is heard due to increased
flow through the pulmonary valve, and the pulmonary component of the second
heart sound is loud. In patients with severe pulmonary vascular disease flow
murmurs are absent. There may be an ejection click, the second sound is ‘single’ (due
to synchronous pulmonary and aortic valve closure) and a pulmonary regurgitant
end-diastolic murmur may be heard.

54  i. This 2D echo trace (parasternal long-axis view) shows three views of the
cardiac cycle from diastole to systole (A to C). The posterior mitral leaflet can be
seen to prolapse during late systole, i.e. when the left ventricular chamber size is at its
smallest. The patient has mitral valve leaflet prolapse syndrome (see 70); her clinical
history includes a number of the clinical features of this condition – palpitations
(mainly ventricular ectopic beats during exercise), atypical chest pain, and an
increased incidence of panic disorder. The prevalence of this disorder is greatest in
younger, female patients.
ii. The physical signs typically comprise a mid-systolic click and a late systolic mitral
regurgitant murmur (the latter may not be present). The greater the redundancy of
mitral valve tissue, the earlier the click is heard in the cardiac cycle; it is also
characteristic of this lesion that the auscultatory features vary with posture. The click
(or clicks) and murmur start earlier when the patient stands up and later when the
patient lies down or squats, due to changes in left ventricular volume.



55  This investigation (55)
was performed upon a 50-
year-old female who had
experienced breathlessness on
exertion for a number of
years, but this had worsened
in recent weeks.
i. What is the investigation?
ii. What is the diagnosis?
iii. Can you derive any quanti-
tative anatomical information
from the data?

55–57: Questions

51

56 This trace (56) was taken
during a pacing check, which
was performed earlier than
planned because the patient
(who has a permanent pace-
maker in situ) developed dizzy
spells. 

What is the cause of her
dizzy spells?

57  A 42-year-old male had complained of lower
back pain on and off for 5 years. Since a number
of his relatives habitually complained of the
same problem he tended to ignore it. In the end,
however, he was persuaded to undergo assess-
ment by a hospital physician. The physician
referred him to a cardiologist and eventually he
underwent the investigation shown (57).
i. What does the investigation show?
ii. What is the underlying diagnosis?
iii. What are the genetic implications?

55

5566

5577



55–57: Answers
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55  i. This is a continuous-wave Doppler study.
ii. The 2D part of the slide shows that the Doppler sampling of velocity is across the
mitral valve. The wave form is characteristic of mitral stenosis. There is no late
diastolic velocity increase, since the patient is in atrial fibrillation and the atrial filling
phase has been lost.
iii. In atrial fibrillation several (i.e. at least ten) beats must be recorded before it can
be assumed that a representative value of the pressure half-time has been obtained.
With this proviso, the mitral valve area can be estimated on the basis of the equation:

valve area (cm2) = 220/pressure half time (ms)

Accurate numerical values of velocity can be obtained using continuous-wave
Doppler (see 102). Although pulsed wave Doppler is capable of recording the
increased flow velocity found across a moderately stenotic mitral valve, there is a
problem at higher flow velocities due to aliasing (i.e. a ‘wrapping round’ of the
highest velocities to the lowest end of the velocity scale, due to the limit that
sampling of pulses of velocity places upon the maximum frequency shifts detectable). 

56  The patient has a ventricular pacemaker. The underlying rhythm is complete
atrioventricular dissociation. Pacing spikes are seen to occur at a rate of 75 per minute;
however, there is failure to capture and depolarize the ventricular myocardium. If the
pacemaker was functioning correctly the pacing spikes would be followed by a wide
QRS complex representing ventricular depolarization and contraction. The dizzy spells
are due to a very low heart rate and, consequently, a low cardiac output. The most com-
mon cause of failure to capture is lead displacement. An increase in the threshold of the
myocardium can also cause this problem, as can too low an output voltage. In this
situation the ventricular lead needs to be tested and then either repositioned or replaced.

57 i. This is an aortogram; it shows opacification of the whole of the left ventricular
chamber during diastole. The aortic regurgitation is of grade III severity – the
contrast fills the ventricle, but empties each systole. (Grade I regurgitation refers to
dye which just flows back into the ventricle; in Grade II severity, regurgitant dye
gradually fills the entire left ventricular chamber, and Grade IV regurgitation
describes the situation of contrast filling the ventricle in one diastole, but never being
cleared in systole.)
ii. The inherited cause of back pain suggests an underlying diagnosis of ankylosing
spondylitis. A recognized association of ankylosing spondylitis is aortitis, of which
the aortic regurgitation is a complication.
iii. Tissue typing of this patient revealed him to be positive for HLA B27. The strong
association between ankylosing spondylitis and HLA B27 means that any relative
with the same histocompatibility typing would be about 100 times more likely to
develop ankylosing spondylitis than the general population.



58–60: Questions
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58  A 70-year-old female was
investigated for ‘dizzy spells’.
i. What can you conclude
from the ECG (58)?
ii. How should the woman be
treated and what are the com-
plications of such treatment?

59  This 72-year-old male (59)
on treatment for heart failure
presented with nausea and
intermittent palpitations.
i. Define the rhythms in (A),
(B), and (C).
ii. Which two investigations
would you request?
iii. What is the cause of his
symptoms?

Atrium

Ventricle

A

B

C

60 In this diagram of the con-
duction pathways through the
atrioventricular node (60),
predict the ECG consequences
of conduction down the path-
ways marked A, B, and C.

6600

5588

5599

A

B

C



58–60: Answers
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58  i. The ECG shows complete dissociation between the P waves and QRS
complexes, i.e. they are asynchronous. The prolonged pauses between ventricular
contractions caused the dizzy spells. If sufficiently prolonged, so as to result in
collapse, these are Stokes–Adams attacks.
ii. The treatment of this condition is insertion of a permanent pacing system. The
simplest is a demand ventricular pacing system (VVI mode). The preferred option to
produce a more physiological cardiac cycle, responsive to the needs of exercise,
would be a dual chamber system (in DDDR mode). The complications of pacemaker
insertion include infection of the pacemaker pocket, lead displacement or penetration
of the ventricle with failure to capture or loss of sensing; both of these can produce
dizziness or missed beats. Dizziness and syncope can follow from myoinhibition, in
which a ‘false’ signal from the pectoral muscles inhibits pacemaker activity. Late lead
fracture produces a recrudescence of the pre-implantation symptoms. The so-called
pacemaker syndrome, which includes dizziness and heavy palpitations, is caused by
atrial distension after retrograde conduction to the atrium. It is prevented by dual
chamber pacing.

59  i. The rhythms are (A) complete heart block, (B) atrioventricular nodal tachy-
cardia, and (C) ventricular bigemini.
ii. Serum digoxin and serum potassium levels should be obtained.
iii. The most likely cause of the symptoms is digoxin toxicity. The most common
symptoms of digoxin toxicity are nausea, anorexia and vomiting. Xanthopsia is a
classic symptom, but is very rare. Cardiac arrhythmias occur, the most common
being ventricular ectopics and ventricular bigemini. Other arrhythmias include
paroxysmal atrial tachycardia, second or third degree block, ventricular tachycardia,
and junctional bradycardia. Digoxin toxicity is often precipitated by hypokalaemia
and, because many patients who take digoxin also take diuretics, this is a relatively
common scenario. Other factors that predispose to toxicity are hypomagnesaemia,
hypercalcaemia, hypoxia and hypothyroidism.

60  i. A indicates the Bundle of Kent. In this situation, that of classical Wolff–
Parkinson–White syndrome, the accessory bundle is entirely separate from the atrio-
ventricular node. It traverses the atrioventricular fibrous ring completely. Therefore,
on the ECG the PR interval is shortened and a ∂ wave is present.
ii. B indicates Mahaim fibres. This accessory pathway arises in the atrioventricular
node or His bundle and ends in the ventricular myocardium. The PR interval tends to
be normal as only part of the nodal pathway is bypassed. If the fibre terminates on
the His bundle, then a ∂ wave may be seen.
iii. C indicates James fibres. These accessory pathways are either intranodal or
intrafascicular bypass tracts. On the ECG, a short PR interval with a normal QRS
complex is to be expected. In association with paroxysmal tachycardia, this consti-
tutes the Lown–Ganong–Levine syndrome.


















































































































































































































































































