
CARDIOMYOPATHIES ARE A HETEROGENEOUS

group of myocardial diseases associated with
cardiac dysfunction.1 According to the Task

Force established by the World Health Organization
and the International Society and Federation of
Cardiology, they are classified either on the basis 
of the dominant pathophysiology or, if possible, by
etiopathogenetic factors. The major varieties are the

dilated, hypertrophic, and restrictive forms along
with arrhythmogenic right ventricular cardiomy-
opathy. Unclassified cardiomyopathies include those
cases which do not fit readily into these groups, such
as fibroelastosis, noncompacted myocardium, sys-
tolic dysfunction with minimal dilation, and those
with mitochondrial involvement. There are then a
group of specific cardiomyopathies to account for
myocardial diseases associated with specific cardiac
or systemic disorders.1 Numerous studies, per-
formed in children and adults, have focused on the
diagnosis and prognosis of cardiomyopathy. Only 
a few reports, in contrast, particularly in the era of
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modern diagnosis, and using the currently accepted
definitions, have been concerned with epidemiology.
Those which have been carried out2–4 studied the
epidemiology of so-called “idiopathic” cardiomyopa-
thy.2–4 The term “idiopathic”, however, has fallen
from grace in recent years, since the striking devel-
opment of molecular biology and molecular genetics
has provided new insights into the pathogenesis of
the cardiomyopathies.5–7 In the light of these con-
siderations, using strict criterions for inclusion and
exclusion, we have examined the occurrence of the
various cardiomyopathies in a well-defined popula-
tion. We sought to obtain information on the average
occurrence of all cardiomyopathies relative to other
cardiac diseases, the occurrences of special types of
cardiomyopathy, age and sex-specific occurrences of
the various types of cardiomyopathy, their relation
with other conditions, and the outcome of the disease.

Patients and methods

All patients aged from birth to 20 years and diag-
nosed during the period 1988–1998 as having car-
diomyopathy were entered into the study, following
strict criterions for inclusion and exclusion. To
ensure maximum certainty about the identification
of all cases, we reviewed the records not only of all
patients given the diagnosis of cardiomyopathy, but
also those of all patients diagnosed as having unde-
fined arrhythmia, heart failure of unknown origin,
unspecified pathologic cardiac condition such as 
cardiac enlargement, and myocarditis. The evalua-
tion included a thorough medical history, physical
examination, standard chemical analysis of blood,
hematologic measurements, protein electrophoresis,
electrocardiography, X-ray, echocardiography and,
in some cases, cardiac catheterisation and endomyo-
cardial biopsy. During the physical examination, we
followed carefully the guidelines of the New York
Heart Association8 with regard to congestive lung
disease, positive venous pulse, apical and parasternal
cardiac impulses, systolic murmurs, heart rate, hepato-
megaly, splenomegaly and signs of protein losing
enteropathy. The initial diagnosis was based on echo-
cardiographic features. Hypertrophic cardiomyopa-
thy was recognised by hypertrophy of the septum
and/or the left ventricular free wall. We required the
absolute thickness of these structures to surpass by at
least 2 standard deviations the normal values regard-
ing to the age and wieght. In those with the obstruc-
tive variant, we observed systolic anterior motion of
the leaflets of the mitral valve.9–12

Dilated cardiomyopathy was recognised on the
basis of enlargement of the cardiac chambers, espe-
cially the left atrium and left ventricle. The left ven-
tricular end-diastolic and end-systolic dimensions

exceeded by at least 2 standard deviations the nor-
mal values regarding to the age and weight. The left
ventricular ejection fraction was decreased by at least
2 standard deviations from the normal values, and
occasionally we noted reduced thickness of the left
ventricular free wall and septum. The right ventri-
cle, in contrast, was often not obviously dilated or
dysfunctional.9,11–13 In those with restrictive car-
diomyopathy, we observed symmetrical hypertrophy
with reduced diastolic dimensions of the left ventri-
cle, occasionally also with right ventricular involve-
ment.9,11,12,14

There were 12 patients who, besides their car-
diomyopathy, also suffered from neuromuscular dis-
orders. In these patients, the neurologic and
cardiologic diagnoses were established by routine
methods, but myocardial biopsy was performed in
some. In all patients, we followed the outcome of
disease with regard to mortality, improvement,
worsening, and resolution of the disease. Statistical
analysis of incidence was performed using the
hypothesis test for two proportions from one group
(mutually exclusive categories). For testing the 
specific incidence of dilated and hypertrophic car-
diomyopathy in different age groups, we established
the relative risk with 95% confidence intervals.

Results

Our study contains data obtained during inpatient
and outpatient examinations. Using hospital and out-
patients records, we identified 121 patients as having
cardiomyopathy amongst 31,167 infants, children
and adolescents examined in the period between 1988
and 1998. There were 117 newly diagnosed cases,
with 4 of the patients having been diagnosed before
1988. The average occurrence of all cardiomyopathies
was 38.81 for each 10,000 patients examined in our
outpatient clinics for paediatric cardiology. The aver-
age occurence of dilated cardiomyopathy was 16.68
per 10,000, while that for hypertrophic cardiomyopa-
thy was 13.80 per 10,000, and that for restrictive car-
diomyopathy was 1.93 per 10,000 examined patients
(Table 1). The occurrence tended to increase with age
in those with hypertrophic cardiomyopathy. Thus, 16
patients (37%) were over the age of 10 years, giving
an annual occurrence of 5.13 for each 10,000 patients
seen in the outpatient clinic (Table 1).

Of the total, dilated cardiomyopathy was the
most common form, being diagnosed in 52 patients
(42.9%). Of the remainder, 43 (35.5%) had hyper-
trophic cardiomyopathy. Of these, 15 patients
(12.3%) had the asymmetric variant, while 28
patients (23.1%) had the concentric form. Only 6
patients (4.9%) were identified as having restrictive
cardiomyopathy. There were no patients with
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arrhythmogenic right ventricular cardiomyopathy.
Dominant inheritance was strongly suggested on the
basis of family history in a group of 8 patients with
hypertrophic cardiomyopathy, with maternal inheri-
tance suggested in three. None of the patients with
hypertrophic cardiomyopathy had Noonan’s syn-
drome, Friedreich’s ataxia or Leopard syndrome.

The incidence of dilated cardiomyopathy, when
compared to the hypertrophic form, did not show
any statistical significance (Z 0.923, p 5 0.1779),
but there was a significantly lower occurrence of
restrictive cardiomyopathy (Z 6.044, p , 0.001).

Most patients with dilated cardiomyopathy were
diagnosed before the age of 3 years (RR 1.9, 95% 
CI 1.4–2.47). We did not find any relative risk for
any specific age of those having hypertrophic 

cardiomyopathy (no statistical significance). Age spe-
cific incidences are presented as the number of diag-
nostic cases for each 1000 patients examined in a
matched age group. Among the age groups, the
highest total incidence is between 1 and 2 years of
age (8.68), predominantly in children having the
diagnosis of dilated cardiomyopathy (4.16), while the
incidences of hypertrophic and restrictive cardiomy-
opathies are distributed equally in all agegroups.

The median age at diagnosis for those with
dilated cardiomyopathy was 6 years, with a range
from 1 day to 20 years. In those with hypertrophic
cardiomyopathy, the comparable figure was 10 years,
with a range from 10 days to 20 years, while for those
with restrictive cardiomyopathy the number was 9
years, with a range from 1 month to 16 years.
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Table 1. Occurrence of firmly established cases of cardiomyopathy in infants, children and adolescents seen in Department of Pediatrics,
University Hospital Centre Rebro, Zagreb, Croatia, over the period 1988–1998.

Type of 
cardiomyopathy Number Number/ Number Number/ Total Total number/ Total number/
and age (years) of males 10,0001 of females 10,0001 number 10,0001 10002

Dilated cardiomyopathy
, 1 7 2.25 6 1.93 13 4.17 2.44
1–2 6 1.93 6 1.93 12 3.85 4.17
3–5 2 0.64 3 0.96 5 1.60 0.83
6–10 6 1.93 2 0.64 8 2.57 1.11
11–15 5 1.60 6 1.93 11 3.53 1.25
16–20 1 0.32 2 0.64 3 0.96 1.39

Total 27 8.66 25 8.02 52 16.68

Hypertrophic cardiomyopathy
, 1 4 1.28 2 0.64 6 1.93 1.13
1–2 4 1.28 2 0.64 6 1.93 2.08
3–5 1 0.32 1 0.32 2 0.64 0.33
6–10 7 2.25 2 0.64 9 2.89 1.25
11–15 12 3.85 4 1.28 16 5.13 1.82
16–20 3 0.96 1 0.32 4 1.28 1.85

Total 31 9.95 12 3.85 43 13.80

Restrictive cardiomyopathy
, 1
1–2 1 0.32 1 0.32 0.35
3–5 1 0.32 1 0.32 0.17
6–10 1 0.32 1 0.32 0.14
11–15 2 0.64 2 0.64 0.23
16–20 1 0.32 1 0.32 0.46

Total 4 1.28 2 0.64 6 1.93

All cardiomyopathy3

, 1 14 4.49 9 2.89 23 7.38 4.32
1–2 13 4.17 12 3.85 25 8.02 8.68
3–5 2 0.64 7 2.24 9 2.88 1.48
6–10 10 3.21 8 2.56 18 5.77 2.50
11–15 26 8.34 11 3.53 37 11.87 4.21
16–20 6 1.93 3 0.96 9 2.89 4.17

Total 71 22.78 50 16.03 121 38.81

1Age- and sex-specific occurrences shown as absolute numbers of cases for each 10,000 patients examined in the outpatient clinics for paediatric 
cardiology; 2Absolute number of cases in each age group per 1000 patients examined of equivalent age in the outpatient clinics for paediatric 
cardiology; 3Includes patients with dilated, hypertrophic or restrictive cardiomyopathy, along with 11 patients with specific cardiomyopathies 
and 9 with unclassified cardiomyopathy
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Of the total number of patients, 50 were female
(41.3%) and 71 were male (58.7%), giving a ratio 
of 1 to 1.42. There were no significant differ-
ences between males (25 patients) and females (27
patients) amongst those with dilated cardiomyopa-
thy, but in those with hypertrophic cardiomyopathy,
males predominated, in the ratio 7 to 3. Of the six
patients with restrictive cardiomyopathy, four were
male and two female. No differences were found in
sex-linked incidence.

Of those with dilated cardiomyopathy at presen-
tation, 23 were asymptomatic, 21 had dyspnea dur-
ing ordinary physical activity, and 8 had severe
dyspnea, being in functional class III or IV of the
gradings of the New York Heart Association, and
also having signs of heart failure (Table 2). The most
common preceding symptoms in infants were feed-
ing difficulties, abnormal sweating, and poor weight
gain, whereas older children and adolescents had a
cardiac murmur and identified a gradual loss of
capacity for physical performance. At the time of
diagnosis, a systolic murmur over the apex had been
noticed in 12 patients (23.1%), 19 (36.5%) had
hepatomegaly, 3 (5.8%) splenomegaly, 9 (17.3%) had
abnormal electrocardiographic signs, and 27 (51.9%)
borderline electrocardiographic features.

Most patients with hypertrophic cardiomyopathy
were asymptomatic at presentation (Table 2). The
primary reason for cardiac examination was a previ-
ously heard systolic murmur. The most common
presenting complaint was dyspnea. All patients had
abnormal electrocardiographic findings, with signs
of left ventricular hypertrophy, abnormal Q-waves,
and marked T-wave inversion. None of the patients
had hepatomegaly or splenomegaly.

In those with restrictive cardiomyopathy, two
patients were presented with congestive heart failure
while the other four had dyspnea during ordinary
physical activities (Table 2). Three patients had a
systolic murmur of mitral regurgitation, while two
had hepatomegaly and splenomegaly. All patients
had abnormal electrocardiographic findings.

Of the patients with dilated cardiomyopathy,
twelve were catheterised, with myocardial biopsy

performed in seven. Focal myonecrosis was identi-
fied in 4, probably due to chronic myocarditis. The
biopsied material was analysed at light microscopic
level following the Dallas criterions,15 subsequently
using also immunohistology, immunohistochemistry,
and electron microscopy. We catheterised 6 patients
with hypertrophic cardiomyopathy, obtaining myo-
cardial biopsies in 4.

In 9 patients (7.4%) fibroelastosis was diagnosed.
They were in a group of unclassified cardiomy-
opathies. Eleven patients (9.0%) were in a group of
specific cardiomyopathies. Five of them had meta-
bolic cardiomyopathy (1 patient had hemochro-
matosis, 3 had selenium deficiency and 1 had adrenal
cortical insufficiency), 2 patients had hypertensive
cardiomyopathy, 3 had valvular cardiomyopathy
(with ventricular dysfunction that is out of propor-
tion to the normal loading conditions) and 1 had
toxic reactions to catecholamines.

There were 12 (9.9%) patients who, besides their
cardiomyopathies, also suffered from neuromuscular
disorders. Myogenic or neurogenic muscle disorders
were found in seven patients with dilated cardio-
myopathy, with progressive muscular dystrophy
found in 3, two with congenital myopathy, one with
Friedreich’s ataxia and Charcot-Marie-Tooth disease,
and one with spinal scapuloperoneal amyotrophy.
Mitochondrial disorders were found in three patients
with hypertrophic cardiomyopathy. Two of them 
had mitochondrial encephalomyoneuropathy, while
the other had mitochondrial encephalopathy with
myoclonic epilepsy. Myocardial biopsy was per-
formed in two children with restrictive cardiomy-
opathy. Using electron microscopy, we found
collections of mitochondrions in one. In the other,
using polarised-light microscopy, we noticed 
birefringency typical for amyloid. Thus, this child
with a clinical diagnosis of restrictive cardiomyopa-
thy had primary cardiac amyloidosis, a very rare
finding.

The great number of patients with dilated car-
diomyopathy were treated with digoxin and diuret-
ics, or the combination of digoxin, diuretics and
vasodilators. Most of our patients with hypertrophic
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Table 2. Distribution of patients according to the classification of the New York Heart Association (NYHA) at time of diagnosis.

NYHA I NYHA II NYHA III NYHA IV

No. %* No. %* No. %* No. %*

Dilated cardiomyopathy 23/52 44.2 21/52 40.4 6/52 11.5 2/52 3.9
Hypertrophic cardiomyopathy 30/43 69.8 12/43 27.9 1/43 2.3
Restrictive cardiomyopathy 4/6 66.7 2/6 33.3
Other cardiomyopathies 12/20 60.0 8/20 40.0
Total no. %** 65/121 53.8 45/121 37.2 7/121 5.7 4/121 3.3

*Percentage in separate group of cardiomyopathy, **percentage in separate group of New York Heart Association classification
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cardiomyopathy received b -adrenergic blockade. 
In three patients, we performed myectomy.

In recent years, 7 to 8 new cases of cardiomyopathy
have been diagnosed annually in our department.
The majority of patients with dilated cardiomyopa-
thy improved during the study, with 6 of 52 (11%)
being cured, improvement noted in 31 (60%), wors-
ening in 11 (21%), and death occurring in 4 (7%). 
In the group with hypertrophic cardiomyopathy, the
condition remained stable, apart from 5 of the 43
(11.6%) who died. In 4 patients, arrhythmias were
seen on electrocardiography, and two of these four
patients died suddenly. Both had exhibited nonsus-
tained ventricular tachycardia during Holter moni-
toring. One of the six patients with restrictive
cardiomyopathy died during the study (16.6%).

Discussion

Today, the cardiomyopathies represent a field of great
interest in cardiology. Many clinical and molecular
genetic studies have shown that genetic alterations
play a significant role in their pathogenesis.5–7,16–31

Unfortunately, the major advances in the cause and
disease mechanism have not yet resulted in therapeutic
improvements.

This study, using the criterions established by the
Task Force of the World Health Organization and the
International Society and Federation of Cardiology,
and employing modern diagnostic methods, offers rea-
sonable estimates of the occurrence of cardiomyopathy
in infants, children and adolescents. The average
annual occurrence of all forms over the period of 10
years was 38.81 for each 10,000 patients examined.
Just over one third of the patients were diagnosed
under the age of 3 years, giving an average occurence of
15.4 per 10,000 patients, while in the age period from
11 to 15 years, the average occurrence was 11.87 per
10,000 examined patients. Hospitalized patients rep-
resent only a fraction of all patients with cardiomyopa-
thy. Most patients were diagnosed and observed
exclusively on an outpatient basis. At presentation, the
great number of patients were asymptomatic, the
diagnosis being established due to the higher index 
of suspicion among clinicians and the increased use 
of echocardiography. The majority of patients with
hypertrophic cardiomyopathy were asymptomatic at
presentation, with severe dyspnea found in only one
patient. Most patients with dilated cardiomyopathy
were in classes I and II of the grading of the New York
Heart Association, with only eight in class III or IV.
Four patients with hypertrophic cardiomyopathy died,
but three of them were asymptomatic at presentation.
In contrast, of four patients with dilated cardiomyopa-
thy who died, none were asymptomatic at presenta-
tion, all being in classes III and IV.

Echocardiography has proved important in moni-
toring the development of dilated cardiomyopathy,
not only because of a good estimate of contractility
and the level of mitral insufficiency, but also because
of its ability to estimate the size of septum and left
ventricular wall. In children where the improvement
is clearly visible, by using echocardiography one can
clearly identify a gradual thickening of these walls
towards normal size.

Echocardiography also permits subaortic stenosis
to be assessed in those with hypertrophic cardiomy-
opathy, this being the indication for myectomy.
Partial asymmetric hypertrophy of the left ventricle,
however, showed no tendency towards arrhythmias,
this being the main reason of sudden death. A long
lasting subaortic stenosis primarly caused by asym-
metric hypertrophic cardiomyopathy can result in
concentric hypertrophy of the left ventricle, for
which it is essential to consider individual signs such
as systolic anterior motion of the mitral valve and
mitral insufficiency.

Our therapeutic approach to patients with dilated
cardiomyopathy, particularly when we suspected pre-
existing myocarditis, was to use drugs to reduce pre-
load and afterload, specifically diuretics and inhibitors
of angiotensin-converting enzyme, in the first phase
of the disease. We then used digoxin subsequent to
resolution of acute phase in children who had clinical
signs of heart failure so as to improve contractility.
When the child had no more than a reduction in ejec-
tion fraction, without hepatomegaly, we used digoxin
and diuretics. Inhibitors of angiotensin-converting
enzyme were reserved for those children who devel-
oped severe mitral insufficiency and hepatomegaly.

It is well established that many patients with
dilated cardiomyopathy die suddenly, most fre-
quently secondary to ventricular arrhythmia, with a
smaller number due to bradyarrhythmia.32–34 In our
study, four patients with dilated cardiomyopathy
died. Of the four, three died suddenly, secondary to
ventricular arrhythmia. They had been treated with
inhibitors of angiotensin-converting enzyme. The
presence and severity of ventricular ectopy may pre-
dict the risk for sudden death in such patients, but
the role of electrophysiologic studies, along with
signal-averaged electrocardiography, in stratifying
risk remains uncertain. Currently, inhibitors of
angiotensin-converting enzyme along with antago-
nists of beta-receptors are the major agents used in
attempts to reduce the incidence of sudden death.
Other measures still under investigation include amio-
darone, the implantable cardioverter-defibrillator, and
dual chamber-pacing.32–34

During our study, we also lost 5 patients with
hypertrophic cardiomyopathy. Myectomy had been
performed in three patients of our overall group. All
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continued to have symptoms after surgery, and two
of those dying had undergone myectomy. In these two
patients, we had observed nonsustained ventricular
tachycardia during Holter monitoring, but we did
not insert implantable defibrillators, which have
been shown to be highly effective in terminating
such arrhythmias.35,36 Like others, we are anxious to
avoid sudden death. Our current algorithm contains
five steps for patients with hypertrophic cardiomy-
opathy. The steps are, first, genetic analysis, fol-
lowed by 24-hour ambulatory Holter monitoring,
scintigraphy of the myocardium, cardiac catheteriza-
tion, and electrophysiologic study. Now, if we find
positive results to any of these tests, such as a
“malignant” mutation in one of nine genes, ventric-
ular tachycardia during Holter monitoring, or wor-
risome family history, we will insert an implantable
defibrillator.35–40

With the ever increasing understanding of the
molecular defects, it is to be expected that hyper-
trophic cardiomyopathy will soon become diagnosed
and prevented by molecular techniques, as with
other genetically determined disorders. It is also to
be anticipated that the rapid advances in the field of
molecular medicine will eventually offer the possi-
bility of genetic molecular treatment. Until then,
the cardiomyopathies will continue to be a challeng-
ing problem for all investigators.5–7,16–31,41–44
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