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Dilated cardiomyopathy

Dilated cardiomyopathy is characterised by the echocar-
diographic appearance of dilatation of the left or both ven-
tricular cavities with reduced contractility. It is the princi-
pal reason for children to present to paediatricians with
cardiac failure after infancy and is the most common indi-
cation for cardiac transplantation in paediatric practice. 1 2

Cardiac investigations
Typically, the child will have symptomatic cardiac failure
and chest radiography demonstrates cardiomegaly. The
diagnosis is established with echocardiography. Increas-
ingly, the diagnosis is made at the referring hospital. It is
prudent to refer to a tertiary centre to exclude congenital
heart disease, particularly anomalous origin of the left
coronary artery from the pulmonary artery, although this
can usually be inferred from ischaemic changes on the
electrocardiogram. The electrocardiogram in dilated cardi-
omyopathy may show broadening of the QRS complexes
and there may be evidence of left ventricular strain with
some T wave changes. The left ventricular voltages are
often increased. If they are markedly increased, the
diagnosis of endocardial fibroelastosis is considered,
although this may not be a distinct entity. 'A 24 hour elec-
trocardiogram is helpful to exclude periods of secondary
arrhythmias such as ventricular tachycardia and atrial flut-
ter, as the documentation may be useful in defining prog-
nosis. It is also worth ensuring that there is not an incessant
tachycardia which may have been the primary cause of the
cardiomyopathy. In these cases the heart rate is inappropri-
ately fast with little variation and typically the P waves have
an unusual axis and morphology.

Echocardiographic screening of family members is indi-
cated as it is increasingly recognised that dilated cardiomy-
opathy is familial in some cases, 4 but the inheritance and
molecular genetics are not clear. Most cases are probably
dominant with variable penetrance but recessive and X
linked inheritance have been described, the latter having
been mapped to the dystrophin gene and to Xq 28: so
called X linked cardiomyopathy and Barth's syndrome
respectively. 5 6 Family screening should be handled sensi-
tively and probably is not indicated during the initial phase
of investigations.

Cardiac catheterisation and angiography are rarely
required, even before transplantation, although there may
be a role for angiography in the exclusion of an anomalous
coronary artery if echocardiographic pictures are unsatis-
factory.

Search for secondary causes of dilated
cardiomyopathy
Many paediatricians have been faced with a daunting list of
investigations for children with dilated cardiomyopathy.
Unfortunately the yield is dishearteningly low. In adults

approximately half of all cases, but in children the majority,
are idiopathic. Despite this, it remains wise to exclude
metabolic, endocrine, storage, mitochondrial, and connec-
tive tissue disease in a systematic way, as in hypertrophic
cardiomyopathy in children. This will involve taking urine
for amino acids and organic acids, and blood for fasting
lactate and glucose, iron and iron binding capacity, amino
acids, creatine kinase MM (raised in X linked cardiomy-
opathy), vacuolated lymphocytes, carnitine, thyroid func-
tion, and an autoimmune screen. Other causes can be
excluded from history and examination, for example
anthracycline toxicity, haemochromatosis, neuromuscular
disorders, and nutritional deficiency. A history of intermit-
tent neutropenia suggests Barth's syndrome, or methyl-
glutaconic aciduria. 8 Primary carnitine deficiency is asso-
ciated with a progressive cardiomyopathy, which is usually
a dilated cardiomyopathy, although in some cases may be
hypertrophic 9 but typically the contractility is reduced.
Low plasma carnitine and acylcarnitine concentrations are
found (that is low free and total carnitine). A 'secondary'
deficiency of carnitine may be found in other inborn errors
and there may be an associated cardiomyopathy. In these
cases, carnitine is utilised in esterification of acyl-CoA to
acylcarnitine with high plasma and urine concentrations of
the latter. The cardiomyopathies of primary carnitine defi-
ciency often respond dramatically to replacement treat-
ment, but those of secondary deficiencies may not. 10

Myocarditis
One of the dilemmas for paediatricians faced with a new
case of dilated cardiomyopathy is the possibility that it
could be myocarditis. Firstly, this is a problem because
some have advocated immunosuppression as a treatment
for myocarditis, 1" however, a recent study in adults failed
to demonstrate any role for immunosuppression. 12 The
second and probably more relevant area of concern is that
myocarditis patients may improve spontaneously when the
precipitating cause is removed and therefore any decision
to refer a new patient for cardiac transplantation should be
deferred until myocarditis has been completely excluded.
Unfortunately it is very difficult to diagnose myocarditis. A
history of a recent viral illness is very common in paediat-
ric practice. A rising titre on paired serology, or positive
viral cultures are helpful, but will not enable an early diag-
nosis to be made. Viruses often implicated in myocarditis
are: coxsackie, echo, influenza, parainfluenza, HIV,
mumps, rubella and rubeola, although other viral and non-
viral (bacterial, fumgal, protozoal, rickettsial, and spirocha-
etal) causes have been described. A myocardial biopsy is
considered to be a gold standard, but inflammatory
changes may not be present throughout the ventricle and
therefore normal areas ofmyocardium may be biopsied. In
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addition, interpretation of the biopsy is subjective and the
procedure itself is not without risk in a sick child. Further
confusing the issue is the evidence that cases of dilated car-
diomyopathy may also improve 13 14 and myocarditis may
possibly develop into dilated cardiomyopathy. " Therefore,
it is probably wise to consider and manage patients with
possible myocarditis similarly to those with dilated
cardiomyopathy in terms of decision strategy.

Management
Angiotensin converting enzyme inhibitors are the principal
group of drugs that prolong survival in adults with left
ventricular dysfunction, 16 and in paediatric practice too
they have become the mainstay of treatment. Care is taken
to avoid hypotension (particularly in children already on
diuretics who may therefore have a high renin) by starting
at a low dose. Diuretics are helpful in improving symptoms
of congestive heart failure. Initially fluids may need to be
restricted particularly if there is hyponatraemia, which
should not be treated with extra salt. The role of digoxin as
an oral inotrope remains unclear. f Blockers have been
used in adults with dilated cardiomyopathy, 17 and may
improve cardiac function, but they have not been widely
used in children with the disease. Intravenous inotropes
and vasodilators are occasionally needed. Anticoagulation
is advisable to prevent the catastrophic sequelae of emboli-
sation from intracavity thrombus."8 Often heparin or war-
farin are used, but in improving or stable patients it may be
possible to use aspirin alone. Arrhythmias need to be
treated if they are causing symptoms, or are felt to be the
principal cause of the cardiomyopathy, but as most antiar-
rhythmic agents (apart from digoxin) are negative
inotropes it is wise to exercise caution. It is uncertain
whether asymptomatic arrhythmias documented on moni-
toring should be treated.

Prognosis
The actuarial survival of dilated cardiomyopathy in
children is around 60% at 5 years, but the outcome
appears better in younger children. 13 In general, one can
determine three groups of patients. Firstly, those in whom
cardiac function returns to normal (this usually occurs
within three months of presentation); these patients have a
good prognosis and do not appear to be at continued risk
of sudden death. Secondly, those that show improvement
in systolic function, but it does not return to normal. This
group remain at risk of sudden death. Thirdly, those whose
cardiac function shows no improvement or deterioration in
systolic function. This group are at high risk of early death
from profound cardiac failure. Other signs ofpoor progno-
sis are the presence of mural thrombus and ventricular
arrhythmias.

Cardiac transplantation
Dilated cardiomyopathy is the commonest reason for car-
diac transplantation in children. 2 (In infants congenital
heart disease is a more common indication, but more
transplants are performed after the age of 5 years and in
this age group > 60% are for dilated cardiomyopathy.)
The outcome of transplantation in this condition is better
than the outcome for other reasons such as congenital
heart disease with an actuarial survival of 85% at 3 years. 1
The medium and long term future after cardiac transplan-
tation is uncertain and therefore patient selection is very

important. Compounding this is the possibility that the
child with dilated cardiomyopathy may improve spontane-
ously. " In general, transplantation should be reserved for
those children whose cardiac function continues to
deteriorate despite maximal medical treatment. Unfortu-
nately, the decision must be made early as over half of the
deaths from cardiac failure occur within three months of
presentation and many die awaiting a suitable donor heart.

Artificial heart
A mechanical bridge to transplant was first described
almost 20 years ago, 19 and devices designed for long term
support have been successfully implanted in the UK (S
Westaby, personal communication, Oxford). Unfortu-
nately, these devices are too large to be inserted in patients
< 1.5 m'body surface area, which precludes their use in
many adults and all children. Recent ovine trials of an axial
flow pump in the USA, 20 and recently in Oxford, have
been encouraging. It is likely that such a device will be
implanted in a child before the millennium and ultimately
could become an alternative to transplantation.

Conclusions
Dilated cardiomyopathy is an uncommon disorder in chil-
dren, but it accounts for a disproportionate number of
deaths in paediatric cardiology practice. The prognosis is
probably better in those presenting under 2 years of age
and/or if there is clear evidence of echocardiographic
improvement. Transplantation offers hope to patients not
responding to medical therapy, but the timing of
transplantation remains a difficult clinical decision for
those involved in the care of these children.
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