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Hypertrophic Cardiomyopathy in Infancy
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ABSTRACT

Objective: To report comprehensively the clinical features and the management strategies of
hypertrophic cardiomyopathy in infancy.

Methods: Comprehensively retrieved studies published from 2000 to present constituted the
study materials for this article.

Results: Signs of myocardial ischaemia and cardiomegaly are the predominate manifestations
of this lesion. The spectrum of the aetiology and management of hypertrophic cardiomyopathy
in infancy have been updated in the past several decades. Long-term small-dose digoxin com-
bined with prednisone, supplemented by the angiotensin-converting enzyme inhibitor capto-
pril, is an accepted therapy for endocardial fibroelastosis in infancy. The treatment with recom-
binant human a-glucosidase enzyme replacement therapy can reverse the electrocardiographic
changes of infantile Pompe s disease.

Conclusion: Hypertrophic cardiomyopathy in infants of diabetic mothers is usually benign and
transient, and the treatment is not needed unless heart failure occurs. Differential diagnosis of
hypertrophic cardiomyopathy from congenital heart defects is important for subsequent man-

agement.
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INTRODUCTION

Hypertrophic cardiomyopathy in infancy has been a
topic of concern. The cardiac chambers, usually the left
ventricle, in response to some acyanotic and cyanotic con-
genital heart defects, including aortic stenosis, tricuspid
atresia, single left ventricle and pulmonary atresia with
intact septum, etc consist of wall thickening and enlarge-
ment of cavity size (1). Under these circumstances, the
pressure overload causes left ventricular remodelling
and ultimately hypertrophy. Moreover, an increased left
ventricular mass subjected to remodelling in the context
of volume or pressure overload in paediatric hyperten-
sion may lead to eccentric or concentric left ventricular
hypertrophy (2). However, these conditions are of pri-
mary myocardial origins, thereby being excluded from
the conceptual extension of ‘left ventricular hypertrophy
syndrome’. According to Blumenthal and Sapin (3), the
diagnosis of left ventricular hypertrophy syndrome in

infancy should meet the requirements of three essential
and two non-essential conditions (Table 1). They also
divided the lesions into three: endocardial, myocardial
and coronary disorders (Table 2). However, the concept
of ‘left ventricular hypertrophy syndrome’ has been
outdated, and the spectrum of actiology and manage-
ment of hypertrophic cardiomyopathy in infancy was

Table 1: Diagnostic criteria of left ventricular hypertrophy syndrome in in-

fancy

Diagnostic criteria

Essential conditions
Heart chamber enlargement predominantly of the left ventricle
Absence of heart murmur
Absence of central cyanosis

Nonessential conditions

Electrocardiographic findings of myocardial damage or left ventricular
hypertrophy

Manifestations of heart failure
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Table 2: Classifications of left ventricular hypertrophy syndrome in infancy

Classifications

Endocardial
Endocardial fibroelastosis
Myocardial
Idiopathic myocarditis
Pompe’s disease
Primary cardiac tumours
Nutritional deficiencies
Coronary
Anomalous origin of the left coronary artery

Coronary occlusive disease

updated in the past several decades. This article aims
to describe the representative disorders of hypertrophic
cardiomyopathy.

Endocardial fibroelastosis (EFE)
Endocardial fibroelastosis is an uncommon disease that
presents as unexplained heart failure in infants and chil-
dren. Lurie (4) proposed that EFE is not a disease but a
reaction of the endocardium. It is characterized by diffuse
thickening of the endocardium resulting from prolifera-
tion of collagen and elastic fibres. Gross examination of
the explanted heart showed globular enlargement and an
extensive endocardial fibrosis of the left ventricle with
involvement of the aortic and mitral valves, the papillary
muscles and chordae tendineae (5). It was divided into
two kinds: primary (lack of associated cardiac malfor-
mations) and secondary (secondary to haemodynamic
changes caused by associated cardiac malformations)
(3). The aetiologies of EFE remain uncertain. However,
it was considered to be the result of developmental
defects, inflammatory process, endocardial anorexia or
myocardial metabolic enzyme deficiency. As a result,
deprivation of myocardial nourishment and myocardial
capillary stasis develop, leading to subsequent myocar-
dial ischaemia and even heart failure (3). Newbould et a/
(6) hypothesized that EFE is an endocardial response to
chronic prenatal myocardial stress. Most authors thought
that it is caused by the myocardial inflammation, second-
ary to viral infections during foetal or postnatal period.
In addition, it might be related to endocardial hypoplasia
due to in utero hypoxia, genetic factors or autoimmunity.
It can be divided into the expansion and contracted
types according to the left ventricular size. The expan-
sion type accounts for about 95%, characterized by
enlargement of the left ventricle and thickening of
the endocardium, mitral and aortic leaflet thickening
and annulus dilation. Right ventricular endocardial

thickening might be seen in a few of the infants. The
contracted type accounts for about 5%, mainly found in
neonates in whom the left ventricular chamber is reduced
or normal with diffuse thickening of the endocardium.
Left atrial and right ventricular enlargements are present
in most of the cases and the pathological changes are
like those of restrictive cardiomyopathy and the patients
may present with left ventricular obstruction (7).

It is more commonly seen in neonates or infants,
especially the infants younger than six months, with
congestive heart failure being the predominant clinical
manifestation (8). On an electrocardiogram, non-specif-
ic myocardial ischaemia (T-wave flattening or inversion,
or ST depression). The ST segment is the period from
the end of the QRS complex (J) to the beginning of the
T wave and it mainly represents the short period from
the end of ventricular depolarization to the beginning of
ventricular repolarization are often seen, whereas deep
Q wave with marked ST segment deviation are unusual
(3). The P-R interval that is between the start of the P
wave and the start of the QRS wave in the electrocar-
diogram, which lasts for 0.12—0.20 s, was prolonged
in less than one-third of the cases. Predominant signs
of left and right ventricular hypertrophy were recorded
in 70.0% and 13.0% of the cases, respectively (9). On
the magnetic resonance imaging, EFE manifested at the
endocardial surface as a rim of hypointense signal in the
perfusion sequences and as a rim of hyperintense signal
in the myocardial delayed-enhancement sequence (10).
On an echocardiogram, enhancement and thickening of
the endocardium, left ventricular wall thickening and
cardiac chamber (particularly left ventricle) dilation
could be visible (8). The systolic and global cardiac
functions can be normal; however, the diastolic function
can be abnormal (11). Levin (12) reported, in an autopsy
case in an 8-month-old infant, a significant increase of
myocardial fibres and diffuse inflammation infiltration
of interstitial fibres with lymphocytes and plasmocytes.
Circular virus particles or analogues of the virus par-
ticles were observed in the nucleus under the electron
microscope. Nishikawa et a/ (13) noted immunoreac-
tive myocytes in the ventricles of 10 hearts with EFE,
where the distribution of atrial natriuretic polypeptide-
positive cells was most frequent in the inner one-third
of the left ventricle.

The natural course of EFE in infancy does not seem
to be promising, and persistent heart failure is responsi-
ble for the 30% mortality of the patients (14). At present,
there is no special treatment for EFE. However, there is
an agreement on long-term small-dose digoxin combined
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with prednisone, supplemented by the angiotensin-
converting enzyme inhibitor captopril. An alternative
is digoxin and two immunosuppressive agents, that is,
use of prednisone for 3—4 weeks and then the dose is
reduced, and then cyclophosphamide monohydrate at a
dose of 200 mg/m? intravenously or 2 mg/kg/day orally.

Infants of diabetic mothers

Hypertrophic cardiomyopathy has been recognized in
40% of infants of the diabetic mothers, attributed to a
compensatory increase in foetal insulin secretion (15).
When it occurs, it is usually benign and transient (16),
but the patients may develop heart failure (17). Because
the foetal heart is particularly rich in insulin recep-
tors, the increased synthesis of cardiac muscle protein,
glycogen and fat, leading to neonatal hypertrophic
cardiomyopathy (18). The electrocardiogram usu-
ally shows advanced left ventricular hypertrophy and
abnormal Q waves in many leads as a result of septal
hypertrophy (19). The newborns of the diabetic mothers
with septal hypertrophy showed much longer QT (the
QT interval is the time from the start of the QRS com-
plex to the end of the T wave in the electrocardiogram)
and QTec (the corrected QT interval) dispersion intervals
than the control (20).

Echocardiography is the main basis for the diagnosis
of the disease. On the echocardiography, left and right
ventricular systolic function can be normal; however,
the diastolic function of the right ventricle was impaired
in foetuses of diabetic mothers (Table 3) (21). Veille
et al (22) observed the foetuses of diabetic mothers by
M-mode echocardiogram between 20 and 41 weeks
of gestation and found the mean septal size increased
during both the diastole and systole. Ventricular septal
hypertrophy was present in 75% of the cases. Gutgesell
et al (23) noted echocardiographic signs of marked
septal hypertrophy with left ventricular outflow obstruc-
tion in 20.8% (5/24) and signs of hypertrophy of the
right ventricular-free wall in 20.8% (5/24) of infants of
the diabetic mothers.

Table 3:  Echocardiographic evaluation of heart function in infants of the
diabetic mothers
Parameter IDM Control  p-value
Ejection fraction (%) 65+13 69 +7 NS
Peak velocity across the aortic valve ~ 0.96£0.21 1.1 +0.12 NS

(m/s)
Peak velocity across the pulmonary
valve (m/s)

E/A ratio of the mitral valve

092+0.18 093+0.14 NS

1.27+£0.21
0.91+0.31

1.51+032 NS
1.47+0.38 <0.01

IDM = infants of the diabetic mothers; NS = non-significant

E/A ratio of the tricuspid valve

A microscopic examination revealed hypertrophic
fibres and scattered cellular disarray in the septum (23).
Further studies revealed that ventricular and septal
thickenings correlated with insulin, growth hormone,
insulin-like growth factor and leptin levels (24), and
with endogenous catecholamine, nerve growth factor
and maternal blood glucose control during pregnancy.
Clinically, there is always a heart enlargement and myo-
cardial enzyme elevations. The incidence of cardiac
damage in infants of the diabetic mothers were 71.9%,
and serum creatine kinase (CK), the MB isoenzyme of
CK, aspartate aminotransferase and lactate dehydroge-
nase increased significantly within 24 hours postnatally.
Genetic analysis showed all the eight cases under inves-
tigation had K, ;, channel mutations (15). In most cases,
the prognosis is good, and the myocardial enzymes
remarkably decreased after 7- to 10-day treatment (25).
Most symptomatic infants require only supportive care
with supplemental oxygen therapy, and -blockers may
be necessary for ventricular output improvement (26).

Pompe’s disease
Pompe's disease, also called glycogen storage disease
type II or acid maltase deficiency, is a rare autosomal
recessive disease caused by an enzymatic deficiency of
a-glucosidase, resulting in a massive lysosomal glyco-
gen accumulation in cardiac and skeletal muscles (27).
Pompe’s disease is classified as a neuromuscular disease,
a metabolic myopathy and a glycogen storage disease.
This deficiency causes an accumulation of intralyso-
somal glycogen in different organs. The classic form
appears in the newborn with a very severe hypotonia and
cardiomyopathy, which lead to death before age two.
Less frequently, the disease appears only in childhood
or in adult life, the so-called late-onset Pompe’s disease
(28). The infantile form is also considered a cardiac dis-
order because of the prominent cardiac involvement.
Some degree of respiratory dysfunction and obvi-
ous diaphragmatic weakness can be found in more than
half of the patients (29). A progressive cardiac hyper-
trophy is characteristic for infantile Pompe’s disease
(30). Glycogen deposition in muscle has been noted by
ultrastructural observations (31). Muscle biopsy is com-
monly used as an early diagnostic tool in the evaluation
of muscle disease. However, a periodic acid-Schiff-pos-
itive vacuolar myopathy often leads to false-negative
results and subsequent delays in the treatment of the
disorder (32). Ding et al (33) reported that six patients
with Pompe’s disease had an enlarged heart, three of
them had an enlarged heart shadow on chest X-ray
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examination and four patients had an echocardiographic
myocardial hypertrophy. The electrocardiogram in three
patients showed short P-R intervals and high voltage.
The CK levels were three- to seven-times elevated. An
assay of a-glucosidase enzyme activity in whole blood
showed significantly reduced activity in the patients
and gene sequencing in four patients who showed eight
pathogenic mutations. The magnetic resonance imaging
findings of the heart in a 5-month-old infant with this
disease revealed hypertrophy of the right and left ven-
tricles and the interventricular septum with an irregular
inhomogeneous appearance of the myocardium (34).

The detection of a-glucosidase enzyme level in
blood plays an important role in correct diagnosis of
the disease. Genetic mutation analysis can help detect
the carriers. Enzyme replacement therapy for Pompe’s
disease is to provide the missing enzyme for the meta-
bolic defect via intravenous infusions of recombinant
human infantile Pompe’s disease, which is a lethal car-
diac and muscular disorder (30). Current developments
towards enzyme replacement therapy are promising.
Myozyme has been approved by the Food and Drug
Administration and is used to treat Pompe’s disease;
however, it is very expensive and needs to be taken for
the patient’s entire life. The first response to treatment
can be shown in vascular endothelium and in periph-
eral nerves after 12 weeks of treatment at an enzyme
dose of 15-20 mg/kg. The dose can be increased to
40 mg/kg, after 72 weeks of treatment, and a reduc-
tion of glycogen storage and substantial improvement
of muscle architecture can be noted in some patients
(35). After the treatment with recombinant human
a-glucosidase enzyme replacement therapy, the char-
acterized electrocardiographic findings of a shortened
P-R interval, an increased QT dispersion and large
left ventricular voltages for infantile Pompe’s dis-
ease could be alleviated (36), and heart size decrease
can be observed after a 3-month treatment (37). The
infants diagnosed with Pompe’s disease usually died
within the first year of life, but recent development of
recombinant a-glucosidase has dramatically improved
the life expectancy and quality of life of infant (38).
In addition, trials with human a-glucosidase at high
levels in the milk of transgenic rabbits have been suc-
cessful (39).

CONCLUSION
The infants with left ventricular hypertrophy syndrome
were often healthy, without signs of cyanosis or heart

murmur. Only they can present with recent fatigue or
dyspnoea as their onset symptoms, and gradual pro-
gression into heart failure. Electrocardiographic or
radiographic signs of left ventricular hypertrophy might
be noted. Differential diagnosis from congenital heart
defects is important for subsequent management.

REFERENCES

1. Chambers J. The left ventricle in aortic stenosis: evidence for the use of
ACE inhibitors. Heart 2006; 92: 420-3.

2. Richey PA, Disessa TG, Somes GW, Alpert BS, Jones DP. Left ventricu-
lar geometry in children and adolescents with primary hypertension. Am
J Hypertens 2010; 23: 24-9.

3. Blumenthal S, Sapin SO. Left ventricular hypertrophy syndrome in
infancy. Dis Chest 1959; 36: 179-88.

4. Lurie PR. Changing concepts of endocardial fibroelastosis. Cardiol
Young 2010; 20: 115-23.

5. Steger CM, Antretter H, Moser PL. Endocardial fibroelastosis of the
heart. Lancet 2012; 379: 932.

6. Newbould MJ, Armstrong GR, Barson AJ. Endocardial fibroelastosis in
infants with hydrops fetalis. J Clin Pathol 1991; 44: 576-9.

7. Yang ZC. Diagnosis and treatment of endocardial fibroelastosis. J Appl
Clin Pediatr 2009; 4: 971-3.

8. Ye Q. Clinical analysis of 33 cases of children with heart and endome-
trial hyperplasia. Chin ] Mod Drg Appl 2008; 2: 91.

9.  Vlad P, Rowe RD, Keith JD. The electrocardiogram in primary endocar-
dial fibroelastosis. Br Heart J 1955; 17: 189-97.

10. Stranzinger E, Ensing GJ, Hernandez RJ. MR findings of endocardial
fibroelastosis in children. Pediatr Radiol 2008; 38: 292-6.

11. Clur SA, van der Wal AC, Ottenkamp J, Bilardo CM. Echocardiographic
evaluation of fetal cardiac function: clinical and anatomical correlations
in two cases of endocardial fibroelastosis. Fetal Diagn Ther 2010; 28:
51-7.

12. Levin S. Parvovirus: a possible etiologic agent in cardiomyopathy and
endocardial fibroelastosis. Hum Pathol 1980; 11: 404-5.

13. Nishikawa T, Kasajima T, Naruse M, Naruse K, Demura H, Hiroe M
et al. Immunohistochemical study on human atrial natriuretic poly-
peptide in the ventricle of hearts with endocardial fibroelastosis. Am J
Cardiovasc Pathol 1990; 3: 247-51.

14. Venugopalan P. Endocardial fibroelastosis [Internet]. [cited
2015 Dec 14]. Available from: http://emedicine.medscape.com/
article/896375-overview#a4

15. Huang T, Kelly A, Becker SA, Cohen MS, Stanley CA. Hypertrophic
cardiomyopathy in neonates with congenital hyperinsulinism. Arch Dis
Child Fetal Neonatal Ed 2013; 98: F351-4.

16. Sardesai MG, Gray AA, McGrath MM, Ford SE. Fatal hypertrophic car-
diomyopathy in the fetus of a woman with diabetes. Obstet Gynecol
2001; 98: 925-7.

17. Krautzig A, Christoph J, Kattner E. Heart failure caused by myocardial
hypertrophy in diabetic fetopathy. Z Geburtshilfe Neonatol 1999; 203:
221-4.

18.  Xing JW, Zhang W. Clinical observation of infant of gestational diabetis
mellitus mother combined with myocardial hypertrophy. Mod J Integr
Tradit Chin West Med 2009; 18: 3153-4.

19. Hayati AR, Cheah FC, Yong JF, Tan AE, Norizah WM. The role of
serum insulin-like growth factor I (IGF-I) in neonatal outcome. J Clin
Pathol 2004; 57: 1299-301.

20. Arslan D, Guvenc O, Cimen D, Ulu H, Oran B. Prolonged QT dispersion
in the infants of diabetic mothers. Pediatr Cardiol 2014; 35: 1052—6.

21. Wu WQ, Wu BQ, Liang HN. Cardiac function in infants of diabetic
mothers. ] Med Theor Pract 2004; 17: 626-7.

22. Veille JC, Sivakoff M, Hanson R, Fanaroff AA. Interventricular septal
thickness in fetuses of diabetic mothers. Obstet Gynecol 1992; 79: 51-4.

23. Gutgesell HP, Speer ME, Rosenberg HS. Characterization of the cardio-
myopathy in infants of diabetic mothers. Circulation 1980; 61: 441-50.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Yuan

Mu CS, Kong CY, Zhang P, Zhao KH. Relationship between endocrine
factors and myocardial hypertrophy in infants born to gestational dia-
betic mothers. J Appl Curr Pediatr 2010; 25: 1565-7.

Yang CY, Shi HY, Chen HQ, Zhang EQ. Clinical study on cardiac injury
in infants of diabetic mother. Strait J Prev Med 2004; 10: 1-3.

Narchi H, Kulaylat N. Heart disease in infants of diabetic mothers.
Images Paediatr Cardiol 2000; 2: 17-23.

Richard E, Douillard-Guilloux G, Caillaud C. New insights into thera-
peutic options for Pompe disease. [IUBMB Life 2011; 63: 979-86.

Saux A, Laforet P, Pageés AM, Figarella-Branger D, Pellissier JF, Pages
M et al. A retrospective study of six patients with late-onset Pompe dis-
ease. Rev Neurol (Paris) 2008; 164: 336-42.

van der Beek NA, van Capelle CI, van der Velden-van Etten KI, Hop
WC, van den Berg B, Reuser AJ et al. Rate of progression and predic-
tive factors for pulmonary outcome in children and adults with Pompe
disease. Mol Genet Metab 2011; 104: 129-36.

van den Hout HM, Hop W, van Diggelen OP, Smeitink JA, Smit GPA,
Poll-The BT et al. The natural course of infantile Pompe's disease: 20
original cases compared with 133 cases from the literature. Pediatrics
2003; 112: 332-40.

Kishnani PS, Howell RR. Pompe disease in infants and children. J
Pediatr 2004; 144 (5 Suppl): S35-43.

Vissing J, Lukacs Z, Straub V. Diagnosis of Pompe disease: muscle
biopsy vs blood-based assays. JAMA Neurol 2013; 70: 923-7.

Ding J, Huang Y, Yang H, Zhang Q, Hou X, Liu X et al. Analysis of
clinical features of 6 patients with infantile type glycogen storage dis-
ease type 11. Zhonghua Er Ke Za Zhi 2015; 53: 436-41.

Boxer RA, Fishman M, LaCorte MA, Singh S, Cooper RS. Cardiac MR
imaging in Pompe disease. ] Comput Assist Tomogr 1986; 10: 857-9.

35.

36.

37.

38.

39.

637

Winkel LP, Kamphoven JH, van den Hout HJ, Severijnen LA, van
Doorn PA, Reuser AJ et al. Morphological changes in muscle tissue of
patients with infantile Pompe's disease receiving enzyme replacement
therapy. Muscle Nerve 2003; 27: 743-51.

Ansong AK, Li JS, Nozik-Grayck E, Ing R, Kravitz RM, Idriss SF et
al. Electrocardiographic response to enzyme replacement therapy for
Pompe disease. Genet Med 2006; 8: 297-301.

Amalfitano A, Bengur AR, Morse RP, Majure JM, Case LE, Veerling DL
et al. Recombinant human acid alpha-glucosidase enzyme therapy for
infantile glycogen storage disease type Il: results of a phase I/II clinical
trial. Genet Med 2001; 3: 132-8.

Katzin LW, Amato AA. Pompe disease: a review of the current diagno-
sis and treatment recommendations in the era of enzyme replacement
therapy. J Clin Neuromuscul Dis 2008; 9: 421-31.

Vos A, Dalle J, Curtis A. A transgenic approach to enzyme replace-
ment therapy in Pompe patients [Internet]. [cited 2015 Dec
14].  Available from: http://www.worldpompe.org/index.php/
about-us/ipa-conferences/41-ipa/conference-reports-1999/63-a-trans-
genic-approach-to-enzyme-replacement-therapy-in-pompe-patients

© West Indian Medical Journal 2023.

This is an article published in open access under a Creative Commons
Attribution International licence (CC BY). For more information, please
visit https://creativecommons.org/licenses/by/4.0/deed.en_US.




