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Background: Hypertrophic cardiomyopathy, one of the most common inherited cardiomyopathies, is a heterogeneous disease resulting from
sarcomeric protein mutations, with an incidence in the adult population of 1:500. Current information on the epidemiology and outcomes of this
disease in children is limited.

Methods: Thirty-four children diagnosed with hypertrophic cardiomyopathy in the Pediatric Cardiology Department from Tirgu Mures were evalu-
ated concerning familial and personal history, clinical, paraclinical and therapeutic aspects. Hypertrophic cardiomyopathy was defined by the
presence of a hypertrophied, non-dilated ventricle, in the absence of a cardiac or systemic disease that could produce ventricular hypertrophy.
Results: The youngest diagnosed child was a neonate, a total of 10 patients being diagnosed until 1 year of age. In 6 cases a positive familial
history was found. Noonan syndrome was found in 2 cases. Only 21 patients were symptomatic, the predominant symptoms being shortness of
breath on exertion with exercise limitations. Left ventricular outflow tract obstruction was present in 21 cases (61.7%). Twenty-four patients were
on B-blocking therapy, while 4 patients underwent septal myectomy.

Conclusions: Hypertrophic cardiomyopathy is a heterogeneous disorder in terms of evolution, age of onset, type and extent of hypertrophy, and
the risk of sudden death. It can affect children of any age. There is a need for a complex evaluation, including familial and personal anamnesis,
clinical examination, electrocardiogram and echocardiography of all patients. It is highly important to develop screening strategies, including

genetic testing, for an early diagnosis, especially in asymptomatic patients with a positive familial background.
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Introduction

Hypertrophic cardiomyopathy (HCM), a heterogeneous
disease resulting from sarcomeric contractile protein mu-
tations, is one of the most common genetic cardiac dis-
orders [1]. The reported prevalence of the phenotypically
expressed HCM in the adult general population is about
1:500 [1]. HCM represents the most common cause of
sudden cardiac death in young adults [2]. It is character-
ized by left-ventricular hypertrophy in the absence of hy-
pertension and valve disease [3].

Current information on the epidemiology and outcomes
of this disease in children is limited. Registries from the US
and Australia show a prevalence varying between 0.47 and
1.24:100,000 inhabitants and an occurrence of nearly 25%
among all types of cardiomyopathies [4,5], with a peak in-
cidence during the first year of life [5].

HCM is a highly penetrant genetic disease, in most adults
and adolescents being frequently inherited as an autosomal
dominant trait caused by mutations in the genes encod-
ing a range of cardiac sarcomere proteins [6,7,8,9,10]. In
contrast, a familial disease is reported in less than 20% of
HCM cases affecting infants and children [11,12]. In some
young patients, left ventricular hypertrophy is associated
with inborn errors of metabolism, neuromuscular disease,
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such as Friedreich’s ataxia, and congenital malformation
syndromes, such as Noonan and LEOPARD syndromes
[13,14], but recent studies suggest that these conditions
account for <10% of cases [11,12]. The leading genetic
cause of infantile HCM is Noonan syndrome (NS) [15],
the incidence of this disease being estimated to be between
1 in 1000 and 1 in 2500 live births [16,17]. HCM is re-
ported in 20% to 30% of all NS cases [15,17,18].

HCM may be initially suspected because of a heart mur-
mur, positive family history, new symptoms or abnormal
ECG pattern showing left ventricular hypertrophy and
abnormal Q waves [3]. Physical examination may not
identify this disorder, given that most patients do not have
left ventricular outflow tract obstruction and most of the
physical findings (systolic murmur, bifid arterial pulse) are
limited to patients with outflow gradients. Echocardiogra-
phy plays a pivotal role in detecting the disease, by imaging
the hypertrophied, but non-dilated left-ventricular cham-
ber, in the absence of another cardiac or systemic disease
(hypertension or aortic stenosis).

Reviews based on institutional experience have sug-
gested a poor outcome for childhood HCM, outcomes in
cases presenting in the first year of life being substantially
worse than when HCM is diagnosed after the first year of
life [11,12,19,20]. Mortality rates in HCM presenting in
childhood are higher (annual rate 4.6-5.8%) [21,22] than
in adult life (1-4%) [23,24].
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Methods

Study patients

The database at the II"d Pediatric Cardiology Department
from the County Emergency Clinical Hospital Tirgu
Mures was reviewed to identify patients diagnosed with
HCM. All patients under 18 years of age diagnosed with
HCM were included in the study. Original patient records
and echocardiographic data were re-examined. Children
with cardiac hypertrophy secondary to cardiac or systemic
diseases were excluded.

Measurements

Medical records were reviewed to determine the patients’
age at the time of diagnosis, the presence or absence of
symptoms (syncope, chest pain, shortness of breath on ex-
ertion, exercise limitations, palpitations) and familial his-
tory of HCM or sudden cardiac death.

Data from 12-lead electrocardiograms (ECGs), ambu-
latory ECGs and echocardiography were collected. Treat-
ment regimens were also noted. In this study, the patients
with NS were diagnosed clinically by phenotypic features.
Familial HCM was considered present if there was an af-
fected first- or second-degree relative.

HCM was defined by unexplained septal and/or free
wall hypertrophy (Z score >2 based on body surface area for
either) [25]. Asymmetric septal hypertrophy was defined as
a septal to posterior left-ventricular free wall ratio greater
than 1.5 [26]. Left ventricular outflow tract obstruction
was defined as anatomic narrowing, together with a meas-
ured peak systolic gradient >15 mmHg through echocar-
diography [12].

Statistical analysis

Statistical analysis was performed using Graph Pad Prism.
Quantitative variables were expressed by median and
range, after they were initially subjected to Kolmogorov-
Smirnov concordance test. Student's paired t test was used
to assess differences between median of continuous vari-
ables (expressed as mean + SD), while categorical variables
were expressed as no (%). All tests were interpreted to the
significance threshold value of p = 0.05, and statistical sig-
nificance was considered for p values smaller than the sig-
nificance threshold value.

Results
A total of 34 patients with HCM were identified. Table
I summarizes the main characteristics of the studied sub-
jects. In the studied population, 21 patients (61.8%) were
male and 13 female. The median age at diagnosis was 2
years (range 0.1 to 17 years). The youngest one was a neo-
nate, a total of 10 patients (29.4%) being diagnosed until
1 year of age.

Familial HCM was found in 6 subjects (17.6%), all with
at least one affected adult family member. Among them,
three subjects (50%) were diagnosed before 1 year of age.

NS was present in 2 patients (5.8%). Neither one had
positive familial history for HCM. In 2 other cases, based
on the phenotype, a genetic syndrome was suspected, but
the clinical aspect of the subjects was not highly specific to
a certain syndrome, and due to lack of advanced methods
in genetic testing, a specific genetic syndrome was not es-
tablished.

Presenting symptoms in 14 cases (41.1%) were shortness
of breath on exertion and exercise limitations; 6 subjects
(17.6%) had palpitations associated with exercise limita-
tions; syncope was found in 1 case; the remaining subjects
(n =13, 38.2%) were diagnosed after being screened for a
cardiac murmur or non-specific symptoms. There was only
one case of resuscitated cardiac arrest.

ECG was available in 30 patients, in 28 subjects (93%)
left ventricular hypertrophy was found; ST segment chang-
es were found in 9 cases (26.4%); left axis deviation was
found in 14 subjects (41.1%); left atrial enlargement was
found in 7 cases (20.5%). Arrhythmias were identified in
6 cases (17.6%) (on 12-lead ECGs and/or 24-hour ECG
monitoring): 2 subjects presented ventricular tachycardia,
2 subjects — atrial tachycardia, and 2 subjects — premature
atrial contractions.

Asymmetric septal hypertrophy was found in 15 sub-
jects (44.1%), and concentric left ventricular hypertrophy
was present in 19 patients (55.9%). The median septal to
posterior left-ventricular free wall ratio was 1.42 (range
0.87 to 5.73). Both children with NS had asymmetric
septal hypertrophy. The mean fractional shortening in the
studied subjects was 43.73 + 11.32%. Right ventricular
hypertrophy was found in 2 cases (5.88%).

Left ventricular outflow tract obstruction with a resting
gradient was present in 21 cases (61.7%) with a median
peak instantaneous gradient of 116 mmHg (range 21 to
198 mmHg), among them 4 subjects (19%) presented left
ventricular midcavity obstruction in association with an
outflow gradient. In one case there was isolated left ven-
tricular midcavity obstruction.

Four patients underwent septal myectomy to relieve left
ventricular outflow tract obstruction. The median age at
the time of the procedure was 5.4 years (range 5 to 8 years),
a median of 4.7 years (range 1 to 5.5 years) after diagnosis.
The mean peak echocardiographic gradient before surgery

Table I. Main characteristics of the study population

Male/female, n (%) 21/13 (61.8/38.2)

Age < 1 year at time of diagnosis, n (%) 10 (31.2)
Noonan syndrome, n (%) 2(5.8)
Familial hypertrophic cardiomyopathy, n (%) 6(17.6)
Morphology of left ventricular involvement, n (%)

Asymmetric septal hypertrophy 15 (44.1)

Concentric left ventricular hypertrophy 19 (65.9)
Fractional shortening

Mean 43.73

SD 11.32
Left ventricular outflow obstruction, n (%) 21(61.7)
Surgical left ventricular myectomy, n (%) 4(11.7)
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Fig. 1. The mean peak echocardiographic gradient before sur-
gery and at first month follow-up

and at first month follow-up was 100.8 + 46.59 mmHg
and 31.7 + 14.38 mmHg, respectively (p = 0.02) (Figure
1). The mean peak echocardiographic gradient at the latest
follow-up was 66.75 + 27.45 mmHg (p = 0.01) (Figure 2).
In 2 cases, at the latest follow-up the residual gradient was
significant.

Twenty-five patients (73.5%) were receiving regular
medication: a B-blocking agent (n = 24) or a calcium
channel blocker (n = 1). Among them, 2 patients received
therapy with amiodarone for associated arrhythmia.

Discussions

HCM is a heterogeneous disorder in terms of evolution,
age of onset, type and extent of hypertrophy, and the risk
of sudden death. It can affect children of any age.

Due to technological advances in pediatric cardiology
and echocardiography, the diagnosis of HCM became pos-
sible very early in life. As shown in our study, the youngest
patient diagnosed with this disorder was a neonate, with
almost 30% of the patients being diagnosed until 1 year of
age. The median age at time of diagnosis was 2 years.

Studies in the specialized literature report the presence
of a familial disease in infants and children in less than
20% of cases [11,12]. In our study, familial HCM was
found in 17.6% of subjects. Because in most adults and
adolescents HCM is frequently inherited as an autosomal
dominant trait caused by mutations in the genes encoding
a range of cardiac sarcomere proteins [6,7,8,9,10], these
findings strengthen the importance of clinical screening
of all first-degree relatives of any patient diagnosed with
HCM. Genetic testing for mutations in the genes encod-
ing cardiac sarcomere proteins was not available due to
lack of advanced methods in genetic testing in our center.

Most clinical reviews suggest that the leading cause of
infantile HCM is NS [15], this affection being reported
in 20% to 30% of all NS cases [15,17,18]. In our study,
there were only 2 cases of NS (5.8%), this fact might be
explained by the incidence of the disease [16,17] and the

P-0.01
200+
100.8 66.7
1504 I
£
£ 100
£
504
0 T T
%
60‘06\\) 0‘0‘(\\;
X< ® “\\33
“0‘0 1‘\3‘

Fig. 2. The mean peak echocardiographic gradient before sur-
gery and at latest follow-up

difficulty in recognizing the phenotype in this age group
(27].

Regarding presenting symptoms, 38.2% of cases were
diagnosed only after being screened for a cardiac murmur
or non-specific symptoms, this finding strengthening once
again the importance of clinical screening of all first-degree
relatives of any patient diagnosed with HCM, even if they
are asymptomatic.

The pattern of left ventricular hypertrophy is variable.
Based on septal to posterior left-ventricular free wall ratio,
we found only a slight difference between asymmetric sep-
tal hypertrophy and concentric left ventricular hypertrophy
(44.1% vs. 55.9%), international studies reporting varied
proportions of the two forms of HCM [11,12,27,28].

Left ventricular outflow tract obstruction with a resting
gradient was present in 61% of the subjects; left ventricu-
lar midcavity obstruction was associated in 4 cases. These
findings are consistent with the results reported in interna-
tional studies [12,28].

In adults with HCM, surgical relief of left ventricular
outflow tract obstruction has been shown to be effective
in reducing symptoms [29,30]. In the present study, as
in other reported pediatric series, there was a significant
reduction in the gradient [31,32]. In two cases, echocar-
diography performed at the latest follow-up showed a sig-
nificant residual gradient in the left-ventricular outflow
tract, demonstrating the fact that septal hypertrophy has
the potential of reappearing,.

Conclusion

Hypertrophic cardiomyopathy is a heterogeneous disorder
in terms of evolution, age of onset, type and extent of hyper-
trophy, and the risk of sudden death. It can affect children
of any age, including neonates. Familial HCM was found
in less than 20% of subjects. The pattern of left ventricular
hypertrophy is variable. Left ventricular outflow tract ob-
struction is common. There is a need for a complex clinical
evaluation, including familial and personal anamnesis, clini-
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cal examination, electrocardiogram and echocardiography
of all patients diagnosed with hypertrophic cardiomyopa-
thy. It is highly important to develop screening strategies,
including genetic testing, for an early diagnosis, especially
in asymptomatic patients with positive familial background.
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