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Hypertrophic cardiomyopathy

Traditionally, the diagnosis of hypertrophic cardiomyo-
pathy has been based on the presence of unexplained
ventricular hypertrophy. Increasingly, however, a substan-
tial proportion of idiopathic cardiomyopathies have been
characterised at metabolic, genetic and molecular levels,
which inevitably has resulted in a blurring of the borders
of primary and secondary cardiomyopathy. The varied
aetiology of cardiac hypertrophy in children necessitates a
more extensive search for a cause than is customary in
adults.

Initial investigation ofa child with ventricular
hypertrophy on echocardiography
It is essential that congenital heart disease (such as aortic
stenosis) is excluded as a cause of hypertrophy during the
initial echocardiogram.

Physical examination will detect many causes of cardiac
hypertrophy such as hypertension, endocrine disease (that
is, acromegaly and thyroid disease), lipodystrophy, and
dysmorphic syndromes such as Noonan's and leopard
syndromes. Evidence of ataxia suggests Friedreich's
disease, but in general neuromuscular problems are often
associated with metabolic diseases, as are cataracts.
A preliminary metabolic screen for cardiac hypertrophy

should include blood for fasting glucose, vacuolated
lymphocytes, carnitine, lactate, pyruvate, amino acids and
urine for amino acids, organic acids, and glycosamino-
glycans. Specific white cell enzyme abnormalities can be
pursued later. The guidance of a paediatric metabolic
physician is recommended.

Metabolic causes of cardiac hypertrophy
Metabolic disorders causing myocardial hypertrophy tend
to present in early childhood. Typically, the cardiomyo-
pathy, although hypertrophic, is often associated with
reduced systolic function. Specific conditions include the
autosomal recessive abnormalities of fatty acid metab-
olism, some of which may be carnitine responsive.' In
these children fasting or infection may precipitate cardiac
failure and even sudden death. Disorders of mitochondrial
oxidative phosphorylation are usually associated with
neuromuscular disease, often exhibit maternal inheritance,
and can present in adult life.2 3

Myocardial infiltration can result in hypertrophy at all
ages but amyloid, the principal cause in adult life, is rare in
childhood, as is cardiomyopathy from Fabry's disease.
Glycogen storage disease is a more common cause,
particularly types II and III. The former is usually fatal in
infancy but prenatal diagnosis for this recessive disorder is
now possible.4 Other diseases where metabolites accumu-
late in the myocardium include sialidosis, mannosidosis,
Gaucher's disease, GM1 and GM2 gangliosidosis.

Noonan's syndrome
Approximately one third of childhood hypertrophic
cardiomyopathies are associated with Noonan's syndrome.
The myocardium of these patients is histologically indis-
tinguishable from familial hypertrophic cardiomyopathy,5
but the echocardiographic morphology has subtle
differences.6 Cardiomyopathy occurs in 25% of patients
with Noonan's syndrome6 but is an uncommon cause of

syndrome accounts for so few adults with hypertrophic
cardiomyopathy, but probably it is because of the high
attrition from cardiac failure in early life, possibly com-
bined with a lack of recognition because of the changing
facial features with age.7

Hypertrophic cardiomyopathy in infants
In infants with hypertrophic cardiomyopathy, an inquiry
should be made about the presence of gestational
diabetes.8 Nesidioblastosis can result in significant hyper-
trophy and should also be considered. As discussed earlier
Noonan's syndrome and metabolic disease are more
frequently associated with ventricular hypertrophy in early
childhood. A number of children remain in whom no cause
for the cardiomyopathy is obvious. Interestingly, the
hypertrophy in these patients may resolve (in a manner
similar to infants of diabetic mothers and may be part of
that spectrum) but if it does not the prognosis is poor with
death often occurring from cardiac failure. Few cases of
familial hypertrophic cardiomyopathy present in infancy.

Familial hypertrophic cardiomyopathy
The term hypertrophic cardiomyopathy is often reserved
for this specific group of patients. Inheritance is autosomal
dominant in over 50% of cases9 but a significant number
arise de novo. Hypertrophy is often not manifest until late
childhood or puberty.'0 The incidence is unknown as the
clinical expression is varied and the first presentation can
be sudden death. The latter is the principal cause of death
from adolescence onwards, accounting for between 2-6%
of patients per year with younger patients being at highest
risk.'1 12 At postmortem examination a characteristic pic-
ture of myocyte disarray is seen. 13 Often there is associated
left ventricular outflow tract obstruction related, in part, to
systolic anterior motion of the mitral valve. Surgery can
relieve symptoms related to obstruction, but may not alter
the incidence of sudden death. Medical treatment with
verapamil and propranolol can also help symptoms,
particularly if related to restriction. Preliminary results
from an ongoing multicentre trial of very high dose
propranolol (up to 18 mg/kg/day) have been encouraging,
with regression ofhypertrophy in many cases (I A Ostman-
Smith, personal communication).
The major goal remains the prevention of sudden death.

Oral amiodarone may help but should be reserved for high
risk groups because of a proarrhythmic effect. 14 At present
an increased risk is assumed if there is non-sustained
ventricular tachycardia on ambulatory electrocardio-
graphic monitoring, 15 but this may only be true in adults. 16
Invasive electrophysiology testing has not been evaluated
in young children with this disease, although it is used in
older patients.'7 Exercise induced hypotension, indicating
autonomic dysfunction, may define patients at increased
risk.'8 Currently, it is usual to advise children with familial
hypertrophic cardiomyopathy to avoid competitive sports.

Molecular genetic advances in familial hypertrophic
cardiomyopathy
This decade has seen a rapid advance in the understanding
of the molecular genetic basis of familial hypertrophic
cardiomyopathy. Restriction fragment length polymorphic

sudden death. It is difficult to be certain why Noonan's

488

markers have localised the gene to chromosome 14 in a
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Hypertrophic cardiomyopathy

large French Canadian family.19 Subsequently, a number
of missense point mutations in the a myosin heavy chain
gene have been identified.20-22 Interestingly, some muta-
tions appear to be associated with an increased risk of
sudden death20 21 but the phenotypic expression may vary
even among patients with identical genotypes.22 Loci other
than 14ql 1 have been shown to be responsible in some
other families, illustrating genetic heterogeneity.23 24

Echocardiographic screening of the families of affected
probands is current clinical practice in many units and has
led to an increased number of young people presenting to
paediatricians and cardiologists. At present the diagnosis
(and exclusion) of hypertrophic cardiomyopathy is very
difficult in such patients using echocardiographic and
electrocardiographic criteria. Indeed, hypertrophy may
not become manifest until adolescence and myocardial
disarray can exist without hypertrophy.25 It would appear
that, by the end of the decade, not only will the diagnosis
and exclusion of the disease be possible by molecular
genetic techniques but risk will be stratified and antenatal
diagnosis undertaken using these new advances.
Ultimately, a clearer understanding of the molecular basis
of the disease will lead to new treatment strategies, perhaps
using gene therapy, but this is not likely to be a reality for
many years.
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