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FIGURE 1
Schematic 
representation of 
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How|do patients EJuEJcire the 
present? management

strategies?
WHILE CORONARY ARTERY 
DISEASE IS THE MOST 
COMMON CAUSE OF SUDDEN 
CARDIAC DEATH IN PEOPLE

over the age of 35, inherited heart 
conditions are the most common 
cause in those under 35. Furthermore, 
sudden cardiac death is the leading 
cause of non-traumatic death in young 
athletes, see figure 1, above.'

The classification of cardiomyopathies 
is shown in table 1, right. Many of these 
conditions follow an autosomal 
dominant pattern of inheritance. 
Therefore if someone dies in the family 
from a cardiomyopathy it is essential 
that all first-degree relatives are 
referred for screening to detect others 
who may be at risk.

HYPERTROPHIC
CARDIOMYOPATHY
Hypertrophic cardiomyopathy (HCM) 
is the most common inherited heart 
disease affecting 1 in 500 of the 
population.2 Previously it was referred

Classification of cardiomyopathies
•  Hypertrophic cardiomyopathy
•  Dilated cardiomyopathy
•  Arrhythmogenic right ventricular 
cardiomyopathy
•  Restrictive cardiomyopathies, 
e.g. amyloidosis
•  Unclassified: left ventricular non
compaction cardiomyopathy

to as hypertrophic obstructive 
cardiomyopathy but the term 
obstructive has been largely dropped 
as 75% of patients do not actually have 
left ventricular outflow tract obstruction 
at rest.3 Although many are aware of 
the classical asymmetrical septal 
hypertrophy form of the condition, 
see figure 2a and b, p22, any pattern of 
myocardial hypertrophy is possible.

The disease is heterogeneous with 
respect to  its clinical manifestation and 
its natural history. Whereas some 
patients may exhibit severe left 
ventricular hypertrophy, others may 
show nothing more than an abnormal 
ECG. Left ventricular hypertrophy 
most commonly manifests in the 
second decade of life. »
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FIGURE 2
Clinical features of 
hypertrophic 
cardiomyopathy 
(HCM):

(a) Macroscopic 
cardiac specimen 
showing 
asymmetrical 
septal hypertrophy 
with scar (red 
arrow)

(b) Transthoracic 
echocardiogram 
showing gross 
asymmetrical 
septal hypertrophy

(c) ECG from 
a patient with 
apical HCM

(d) Histology from 
a patient with HCM: 
myocyte disarray 
(green arrows) and 
normal myocyte 
architecture (black 
arrow)

Large QRS voltages are common 
but rarely occur alone; most patients 
have accompanying ST segment 
depression, T wave inversion, extreme, 
left axis deviation or pathological 
Q waves, see figure 2c, above.
The ECG pattern is the earliest 
manifestation o f the disease and may 
be abnormal up to five years before 
the development of hypertrophy.

Sudden death is rare and usually 
affects patients in the first three 
decades whereas older patients 
present w ith heart failure, atrial 
fibrillation and stroke. Contrary to 
popular belief the overall prognosis of 
HCM is good w ith an annual mortality 
c f 0.5-1% per annum.

The mainstay o f diagnosis is based 
on the ECG and echocardiogram.
A 24-hour ECG and an exercise stress 
test are performed to  identify patients 
who may be at high risk of sudden 
death.

Microscopically the condition is 
characterised by myocyte disarray 
and fibrosis, see figure 2d, above.4 
Up to 70% o f cases o f HCM are caused 
by mutations within genes encoding 
sarcomeric contractile proteins with 
the tw o most common mutations 
affecting myosin heavy chain 7 
(MYH7) and myosin-binding protein 
C3 (MYBPC3).

Other gene mutations implicated 
include those affecting cardiac

troponin, actin and titin, see figure 3, 
p23.2 There have been several non- 
sarcomeric mutations described but 
these are less common. In addition 
there are a few rarer metabolic 
disorders which may mimic HCM such 
as Fabry’s disease, Danon disease and 
PRKAG-related cardiomyopathy.

‘Contrary to 
popular belief 
the overall 
prognosis of 
hypertrophic 
cardiomyopathy 
is good’
ARRHYTHMOGENIC RIGHT
VENTRICULAR
CARDIOMYOPATHY
Arrhythmogenic right ventricular 
cardiomyopathy (ARVC) is a rare 
autosomal dominant heart muscle 
disorder which affects between 
1 in 1,000 and 1 in 5,000 o f the 
population.2,6

The term ARVC is a misnomer since 
the left ventricle may also be affected 
and the term arrhythmogenic 
cardiomyopathy may be more

appropriate. The condition is caused 
by gene mutations encoding cardiac 
desmosomes which usually help bind 
the cardiomyocytes together. The 
most common desmosomal 
mutations associated with ARVC 
include those o f desmoplakin, 
plakophilin-2, desmoglein-2 and 
desmocollin-2, see figure 1, p21.

The current hypothesis is that 
abnormal desmosomal proteins lead 
to  myocyte detachment during 
exertion and promote arrhythmias. 
Subsequent repair is abnormal 
leading to fibrofatty replacement of 
cardiac muscle, see figure 4a, p24. 
This fibrofatty replacement can 
interfere with the conduction 
pathways and hence predispose to 
cardiac arrhythmias.

Furthermore, it can weaken the 
myocardium predisposing to 
dilatation and aneurysm formation. 
ARVC is the most common cause of 
death in young sportsmen in Italy.7

Typically the 12-lead ECG shows 
T wave inversions in the right 
precordial leads, V1-V3, see figure 4b, 
p24, although T wave inversions in the 
lateral leads are suggestive of left 
ventricular involvement. The QRS 
complexes are often small and 
ventricular extra-systoles are 
common. The diagnosis o f ARVC is 
based on the revised ARVC Task 
Force criteria.8 A plethora o f electrical
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FIGURE 3
Schematic 
representation of 
sarcomeric and 
related mutations 
seen in 
hypertrophic 
cardiomyopathy
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and imaging tests is usually required 
before the diagnosis is established.

DILATED CARDIOMYOPATHY
Dilated cardiomyopathy (DCM) is 
characterised by a dilated left ventricle 
with impaired function that cannot be 
explained by ischaemic heart disease, 
hypertension or valvular heart disease.

At least 25% of cases of DCM are 
familial and caused by a diverse 
spectrum of genetic mutations 
affecting the sarcomeric contractile 
proteins or the nuclear envelope.
Lamin A/C mutations are the most 
common genetic abnormalities seen 
in patients with a familial DCM; 
however more than 30 gene 
mutations have been linked to this 
condition, see figure 5, p24.

Dilated cardiomyopathy may be 
associated with multisystem 
conditions such as muscular 
dystrophy. Chemotherapy and certain 
other drugs, alcohol abuse and 
myocarditis may also lead to a dilated 
and poorly contracting left ventricle.

RESTRICTIVE
CARDIOMYOPATHY
Restrictive cardiomyopathy is the 
least common form of the inherited 
cardiomyopathies and accounts for no 
more than 5% of all cardiomyopathies. 
The condition is characterised by 
stiffened ventricular wails associated

with raised ventricular filling 
pressures Mutations in genes 
encoding sarcomeric contractile 
proteins are often implicated. Patients 
are usually very symptomatic from 
pulmonary and peripheral congestion. 
The mainstay of treatment is loop 
diuretics.

UNCLASSIFIED
CARDIOMYOPATHIES
Of the unclassified cardiomyopathies, 
left ventricular non-compaction 
(LVNC) cardiomyopathy is the most 
common.

LVNC is a heart muscle disorder 
which is characterised by marked left 
ventricular trabeculation and deep 
inter-trabecular recesses. It is unclear 
whether i: is truly an independent 
cardiomyopathy as this phenomenon 
is seen in other cardiomyopathies 
such as HCM, DCM and in many 
neuromuscular disorders associated 
with card ac involvement.

Several mutations have been 
implicated which also overlap with 
those causing HCM and DCM.

The condition is characterised by 
progressive left ventricular 
dysfunction, a predilection to 
ventricular arrhythmias and systemic 
thromboembolism.

The disease is heterogeneous and 
some patents may be completely 
asymptomatic.

PRESENTATION
For many people the first manifestation 
of an inherited cardiomyopathy can 
be a sudden cardiac arrest.

GPs can play a key role in providing 
psychological support to the family 
during this difficult time. It might be 
helpful to put the family in touch with 
bereavement charities such as 
Cardiac Risk in the Young, see Useful 
information box, p25.

Other presentations include chest 
pain or breathlessness during 
exertion, palpitations and syncope. 
Exercise-induced syncope or pre
syncope is a very ominous symptom 
and should be taken very seriously.

If an ECG or echocardiogram 
performed in the community is 
suggestive of an underlying 
cardiomyopathy, the patient should 
be referred to a cardiologist with a 
specialist interest in this field.

DIAGNOSIS
In many of the cardiomyopathies, 
the diagnosis can be made with a 
standard ECG and echocardiogram; 
however if the diagnosis is not certain 
or the cardiologist wishes to look at 
the heart structure in greater detail, a 
cardiac MRI may be performed.

Cardiac MRIs have become a lot 
more commonplace as they provide 
more in-depth information about the 
heart structure, particularly some »
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FIGURE 4
(a) Histopathology 
slide showing 
features of 
arrhythmogenic 
right ventricular 
cardiomyopathy

(b) ECG showing 
T wave inversions 
in the right 
precordial leads

FIGURES
Schematic 
representation of 
the mutations 
involved in dilated 
cardiomyopathy
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DILATED CARDIOMYOPATHY

parts of the right ventricle, the lateral 
free wall of the left ventricle and the 
left ventricular apex. The main 
advantage of cardiac MRi over 
echocardiography is the ability to 
detect myocardial fibrosis which is 
often seen in the inherited 
cardiomyopathies and is a recognised 
substrate for ventricular arrhythmias.

‘Exercise-induced 
syncope or 
pre-syncope 
is a very ominous 
symptom9
MANAGEMENT
In inherited cardiomyopathies such as 
HCM and ARVC, if patients are stable 
they are usually reviewed annually at a 
cardiology clinic. Along with a general 
symptom review, the patient’s risk 
of sudden cardiac death is assessed.
If the risk stratification deems them 
low risk they continue to be reviewed 
annually; however if they are felt to be 
high risk, an implantable cardioverter- 
defibrillator is recommended.

For symptomatic patients with HCM 
a beta-blocker is the first-line 
treatment and a calcium channel 
blocker such as verapamil can be used 
if a beta-blocker is contraindicated.
For those with a significant left 
ventricular outflow gradient 
disopyramide can be added.

Atrial fibrillation may not be well 
tolerated in HCM and therefore 
cardioversion is preferred to rate 
control if possible. Beta-blockers are 
first-line treatment for ventricular 
extrasystoles or episodes of non- 
sustained ventricular tachycardia in 
ARVC but if the patient remains 
symptomatic despite these, 
amiodarone can be added. For those 
with a high ectopic burden, catheter 
ablation may be considered.

Dilated cardiomyopathy is treated 
with conventional heart failure 
treatment usually with a beta-blocker 
and an ACE inhibitor in the first 
instance.

Additional therapy such as an 
aldosterone antagonist can be added 
in if the patient deteriorates despite 
this and loop diuretics are 
recommended for the treatment of 
symptomatic pulmonary or peripheral 
oedema.

In most instances patients with
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Inherited heart conditions are the most common cause
o f sudden cardiac death in those under the age o f 35 
and the  leading cause o f non-traum atic death in young 
athletes. H ypertrophic cardiom yopathy (HCM) is the 
m ost com m on inherited heart disease affecting 1 in 500  
o f the  population. Some patients may exhibit severe left 
ventricular hypertrophy, others may show nothing more 
than an abnorm al ECG. Left ventricular hypertrophy 
m ost com m only manifests in the  second decade o f life. 
Sudden death is rare and usually affects patients in the 
first three decades whereas older patients present w ith 
heart failure, atrial fibrillation and stroke.

Arrhythmogenic right ventricular cardiomyopathy is a
rare, autosomal dom inant heart muscle disorder which 
affects between 1 in 1,000 and 1 in 5,000 o f the 
population. The current hypothesis is that abnormal 
desmosomal proteins lead to  m yocyte detachm ent 
during exertion and prom ote arrhythmias. The diagnosis 
usually requires a plethora o f electrical and imaging tests.

Dilated cardiomyopathy (DCM) is characterised by a
dilated left ventricle w ith impaired function tha t cannot 
be explained by ischaemic heart disease, hypertension or 
valvular heart disease. A t least 25% o f cases o f DCM are 
familial. DCM may be associated w ith multisystem 
conditions such as muscular dystrophy. Chemotherapy 
and certain other drugs, alcohol abuse and myocarditis 
may also lead to  a dilated and poorly contracting left 
ventricle.

In many cases the first manifestation of an inherited
cardiom yopathy can be a sudden cardiac arrest. Other 
presentations include chest pain or breathlessness during 
exertion, palpitations and syncope. In many o f the 
cardiomyopathies, the diagnosis can be made w ith a 
standard ECG and echocardiogram. However if the 
diagnosis is not certain o r the cardiologist wishes to  look 
at the heart structure in greater detail, a cardiac MRI may 
be performed.

For symptomatic patients with HCM a beta-blocker is
the first-line treatm ent and a calcium channel blocker 
such as verapamil can be used if a beta-blocker is 
contraindicated. If patients are fe lt to  be high risk, an 
implantable cardioverter-defibrillator is recommended. 
Dilated cardiom yopathy is treated w ith conventional 
heart failure treatm ent usually w ith a beta-blocker and an 
ACE inhibitor in the first instance.

cardiomyopathy will be managed in a 
specialist unit. They will not require 
regular monitoring in primary care 
w ith the exception of measuring 
electrolytes following the introduction 
of diuretics or a dose increment o f an 
ACE inhibitor, angiotensin II receptor 
blocker or aldosterone antagonist.

Patients treated with amiodarone 
should have six monthly liver function 
and thyroid function tests. Angina and 
breathlessness can be managed by 
initiating or increasing the dose of 
beta-blocker or diuretic but an early 
review by a specialist should be 
requested.

We would consider the 
development of syncope or rapid 
palpitations a medical emergency.

The main 
advantage of 
cardiac MRI over 
echocardiography 
is the ability to 
detect myocardial 
fibrosis’
CONCLUSION
Inherited cardiomyopathies are rare, 
but it is likely that GPs will encounter 
affected patients at some stage in 
their clinical practice. Sudden cardiac 
death is not an infrequent first 
presentation, so it is important to  be 
vigilant for red flag symptoms such as 
exercise-induced syncope and certain 
ECG manifestations of cardiomyopathies.

Prompt referral of first-degree 
relatives of patients with inherited 
cardiomyopathies to a cardiologist 
w ith an interest in inherited heart 
disease is imperative to  detect others 
who may be at risk.

Charities such as Cardiac Risk in the 
Young and the Cardiomyopathy 
Association, see Useful information 
box below, can be an extremely useful 
source of support to  bereaved families 
and those adjusting to a new 
diagnosis o f a cardiomyopathy.

We welcome your feedback
If you w ould like to  com m ent on this article or have a 
question fo r the authors, w rite  to:
editor@thepractitioner.co.uk
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