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Isolated ventricular noncompaction is a very rare form of cardiomyopathy. It is characterised by the presence
of multiple recesses in the ventricular myocardium that are perfused directly from the ventricles. We describe
the case of a male infant who at the age of 8 months presented with symptoms of heart failure. The twodimensional and Doppler echocardiogram showed significant hypertrophy with multiple, prominent
trabeculations and deep intertrabecular recesses with blood flow within them in the myocardium of the left
ventricle. There was no anatomical cardiac anomaly. The patient had a syncopal episode at the age of 10
months. Holter monitoring recorded multiple supraventricular extrasystoles, as well as salvoes of
tachycardia, and diltiazem was added to the treatment regimen. The patient suffered recurrent episodes of
pulmonary oedema and died at the age of 12 months from non-compensated heart failure.
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solated ventricular noncompaction is
a rare anomaly. It is characterised by
the persistence of multiple recesses in
the ventricular myocardium, which are
perfused directly from the ventricles, while
the remaining cardiac anatomy is physiological.1 The particular morphological characteristics of the disease may be recognised
on the two-dimensional echocardiogram,1-3
while a series of diagnostic criteria have
recently been proposed.4 The disease in
adults has a poor prognosis with manifestations of heart failure, thromboembolic episodes and sudden death.5 The prognosis in
paediatric patients is similar.6
We describe the case of an infant who
exhibited symptoms of heart failure at the
age of 8 months. The transthoracic echocardiogram confirmed the presence of
noncompacted myocardium. The patient
died at the age of 12 months from noncompensated heart failure.
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Case presentation
A male infant aged 8 months was brought
to the outpatients’ department with symp200 ñ HJC (Hellenic Journal of Cardiology)

toms of heart failure during progression
of a viral infection of the respiratory system. He was the only child of phenotypically healthy parents. Gestation, birth,
perinatal and subsequent history were
negative. Auscultation of a 2/6 musical
systolic murmur was reported by the personal paediatrician at the age of 3 months,
but no further investigation was recommended. The family history included two
males who died at the ages of 2 and 16
years from sudden death.
The infant’s general condition was severe, with extreme pallor and grumbling.
He had tachypnoea, used accessory respiratory muscles and had crackles at the bases of both lungs. He had a galloping
rhythm and a 2/6 systolic murmur at the
level of the mitral valve. The liver was
palpable 4 cm below the right subcostal.
Chest X-ray (Figure 1) showed a greatly
enlarged cardiac index (70%) and pulmonary congestion. The electrocardiogram
showed sinus rhythm, an inferior axis and
negative T on the left precordial leads.
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Figure 1. Chest X-ray. Situs solitus, left aortic arch. Exaggerated
cardiomegaly with pulmonary congestion.

Figure 2. Two-dimensional echocardiogram, four-chamber apical
view. Significant left ventricular hypertrophy. Two sections of
myocardium can be clearly seen in the left ventricular free wall.
One is compacted (short white line), while the other is noncompacted with trabeculae that create deep recesses (long white
line). The ratio between the thickness of the compacted and the
noncompacted myocardium is <0.5.

The two-dimensional and Doppler echocardiogram showed physiological systematic and pulmonary return, physiological atrioventricular and ventriculoarterial connections, intact interatrial and
interventricular septum and physiological structure
of the atrioventricular and semilunar valves, without
stenosis at the subvalvular, valvular or supravalvular
level. The aortic isthmus was physiological and there
was no patent ductus arteriosus. There was, however,
concentric left ventricular hypertrophy (13 mm) with
multiple, prominent trabeculations and deep intertrabecular recesses, which separated the ventricular
myocardium into a compacted exterior and a trabecular (noncompacted) interior section (Figure 2).
The thickness ratio of the compacted to the noncompacted section at end-systole was <0.5. Colour
Doppler mapping showed blood flow within and
outside the recesses. There was severe distension of
the left ventricle with overall reduction in myocardial
contractility (fractional shortening 16%). There was
also mild tricuspid regurgitation and moderate
functional mitral regurgitation. The estimated right
ventricular systolic pressure was 50 mmHg. The
infant was started on treatment with digoxin, captopril and furosemide which achieved temporary
clinical stabilisation of his heart failure. Successive
echocardiograms showed no improvement in left
ventricular fractional shortening, but the right ventricular systolic pressure decreased (30 mmHg). Serological tests for Coxsackie and Echo were negative,

while EBV and adenovirus checks gave findings
indicative of past infection. The parents’ echocardiographic examinations were physiological.
At the age of 10 months the infant had a syncopal episode. The electroencephalogram and computed tomography scan of the brain were physiological. Holter monitoring recorded multiple supraventricular extrasystoles as well as salvoes of rhythmic supraventricular tachycardia up to 250 bpm
(Figure 3); diltiazem was added to the treatment regimen. The heart rate was controlled and the tachycardia episodes were reduced in number and duration on successive Holter recordings. Nevertheless,
the patient suffered recurrent episodes of pulmonary
oedema in spite of the medication. The parents
refused permission for investigation of the possibility
of recruitment into a transplant programme and the
infant died at the age of 12 months because of noncompensated heart failure.
Discussion
Isolated ventricular noncompaction is a rare form of
unclassified cardiomyopathy7 that is characterised by
the presence of multiple, prominent trabeculations
in the ventricular myocardium with deep intertrabecular recesses between the muscular trabeculae.1-7
It has been described as an isolated cardiac anomaly
in fewer than 100 infants and children up to the
present, 6 while reports in adults are much rarer. 2,4
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Figure 3. Holter recording of rhythmic supraventricular tachycardia
up to 250 bpm.

The disorder extends to the left and, to a lesser
degree, the right ventricle and to the interventricular septum.1-6 The recesses are covered by endocardium, while the coexistence of endocardial
fibroelasticity is a common finding on pathological
examination.8 The transthoracic echocardiogram is
the diagnostic method of choice. 4,6 The multiple,
prominent trabeculations in the ventricular myocardium are apparent on the two-dimensional
echogram. The endocardium shows two distinct
layers: an endocardial, noncompacted layer and an
epicardial, compacted layer where the thickness of
the former compared to the latter is in a ratio >1.4:1.
The free flow of blood within and around the
recesses can be verified with colour Doppler.4,6 The
infant we describe satisfied all the above criteria for
isolated ventricular noncompaction.4,6
It has been hypothesised that isolated ventricular
noncompaction is the result of inhibition of the
physiological endomyocardial morphogenesis. At the
embryonic stage of development, the myocardium
consists of a loose network of muscle fibres in the form
of a honeycomb, because of the presence of large
numbers of recesses, through which the myocardium
receives a direct blood supply.9 Subsequently, the
myocardium gradually becomes compacted, beginning
with the epicardial surface and proceeding towards the
endocardium, upon which the recesses involute and
are transformed into capillary vessels. Finally, the
myocardium is converted into a compacted layer, as it
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is in adulthood, around the 7th week of embryonic life
and is supplied by the coronary vessels.9,10
There are very few cases of antenatal diagnosis
of isolated ventricular noncompaction,12,13 whereas
failure to recognise the disease on the embryonic
echocardiogram is more usual.13 The delayed diagnosis is probably due to the echocardiographer’s lack
of familiarity with this particular anomaly, resulting
in a degree of underdiagnosis both in children and in
adults.2,3 Hypothesis aside, there is no scientific proof
that noncompacted myocardium represents an anomaly in the physiological process of myocardial
morphogenesis. 14 The detection of noncompacted
myocardium at 27 and 30 weeks in 2 foetuses who
had previously shown clearly compacted heart muscle
is likely to reinforce the views of those who are sceptical about the inhibition of myocardial embryogenesis being the sole pathogenetic mechanism of
the disease.11
According to the extent of the damage, patients
may be asymptomatic or may exhibit symptoms of
heart failure, systematic emboli, or various forms of
arrhythmia. 1-3,6 The electrocardiogram is usually
pathological in both children and adults with noncompacted myocardium and may show a right or left
axis deviation, left or right bundle branch block, or
even non-specific ST segment changes.1-3,6 Various
types of arrhythmia have been described in these
patients, such as atrial fibrillation, paroxysmal supraventricular tachycardia in the context of Wolff-Par-
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kinson-White syndrome, ventricular arrhythmias and
sudden cardiac death.1-3,6
Some cases are isolated, although familial distribution of the disease has been described.1-3 Inheritance may be either dominant or recessive. A severe,
sex-linked form of noncompacted myocardium has
also been described, caused by mutation of the G 4.5
gene in the q28 region of the X chromosome, allelic
with the gene responsible for Barth syndrome. 15
Barth syndrome is hereditary, sex-linked and recessive in nature, and is characterised by the presence of
dilated cardiomyopathy, skeletal myopathy,
neutropenia, short stature, low carnitine levels and
anomalous mitochondria.16 The appearance of multiple trabeculae in the left ventricle has been described
in an adult with Becker type muscular dystrophy,
who had previously had echocardiographically
confirmed compacted left ventricular myocardium.17
In another 3 cases of sex-linked noncompacted
myocardium, related to mutation of Xq28, the foetal
echogram recorded between the 24th and 30th week
showed distension of the left ventricle only in 1 case
and was in any case non-diagnostic. Even in retrospect, it was impossible to detect the characteristic
echocardiographic abnormalities of noncompacted
myocardium.18
Some patients have a characteristically deformed
visage, with a projecting forehead, low-placed ears,
domed palate and micrognatheia.1,3,6 The infant we
describe had noncompacted myocardium unaccompanied by other major anomalies. He had neither a
deformed visage, short stature, nor neutropenia and
in consequence the possibility of noncompacted
myocardium could not be clinically supported. There
are some reports in the literature of noncompacted
myocardium existing in combination with specific
syndromes,19,20 a fact which makes it even more difficult to inform the patients’ families about the prognosis of the disease.
Finally, noncompacted myocardium has been
described in infants with severe obstructive diseases
of the left and right ventricle, 21,22 in cases of anomalous origin of the coronary arteries from the pulmonary artery,21 or even in combination with more complex congenital heart disease.20
As far as we can determine, our case is the first
to be described involving an infant of Greek origin.
There is only one recent report of 2 adult siblings of
Cypriot origin with isolated ventricular noncompaction. In the brother it was detected when he was
19 years old and showed neurological symptoms

following a cerebrovascular episode. His sister, who
exhibited mild, intermittent neurological symptoms,
was found to have multiple trabeculations at the apex
of the left ventricle during an echocardiographic
examination of the family and was medicated with
anticoagulants and atenolol. 23 Early diagnosis is
extremely important for the treatment of the disease
and prevention of associated complications. The
familial distribution of the disease necessitates the
examination of first degree relatives and genetic
counselling in cases of future pregnancies, as in other
forms of cardiomyopathy.
References
1. Chin TK, Perloff JK, Williams RG, Jue K, Mohrmann R:
Isolated noncompaction of left ventricular myocardium. A
study of eight cases. Circulation 1990; 82: 507-513.
2. Ritter M, Oechslin E, Sutch G, Attenhofer C, Schneider J,
Jenni R: Isolated noncompaction of the myocardium in
adults. Mayo Clin Proc 1997; 72: 26-31.
3. Ichida F, Hamamichi Y, Miyawaki T, Ono Y, Kamiya T,
Akagi T, et al: Clinical features of isolated noncompaction
of the ventricular myocardium: long-term clinical course,
hemodynamic properties, and genetic background. J Am
Coll Cardiol 1999; 34: 233-240.
4. Jenni R, Oechslin E, Schneider J, Attenhofer Jost C, Kaufmann PA: Echocardiographic and pathologoanatomic characteristics of isolated left ventricular non-compaction: a
step towards classification as a distinct cardiomyopathy.
Heart 2001; 86: 666-671.
5. Oechslin EN, Attenhofer Jost CH, Rojas JR, Kaufmann PA,
Jenni R: Long-term follow-up of 34 adults with isolated left
ventricular noncompaction: a distinct cardiomyopathy with
poor prognosis. J Am Coll Cardiol 2000; 36: 493-500.
6. Pignatelli RH, McMahon CJ, Dreyer WJ, Denfield SW,
Price J, Belmont JW, et al: Clinical characterization of left
ventricular noncompaction in children: a relatively common form of cardiomyopathy. Circulation. 2003; 108:
2672-2678.
7. Report of the 1995 World Health Organization/International Society and Federation of Cardiology: Task Force on the
Definition and Classification of Cardiomyopathies. Circulation 1996; 93: 841-842.
8. Robida A, Hajar HA: Ventricular conduction defect in
isolated noncompaction of the ventricular myocardium.
Pediatr Cardiol 1996; 17: 189-191.
9. Dusek J, Bohuslav O, Duskova M: Postnatal persistence of
spongy myocardium with embryonic blood supply. Arch
Pathol 1975; 99: 312-317.
10. Sedmera D, Pexieder T, Vuillemin M, Thompson RP,
Anderson RH: Developmental patterning of the myocardium. Anat Rec 2000; 258: 319-337.
11. Karatza AA, Holder SE, Gardiner HM: Isolated non-compaction of the ventricular myocardium: antenatal diagnosis and
natural history. Ultrasound in Obstet Gynecol 2003; 21: 75-80.
12. Winer N, Lefevre M, Nomballais MF, David A, Rival JM,
Gournay V, et al: Persisting spongy myocardium. A case
indicating the difficulty of antenatal diagnosis. Fetal Diagn
Ther 1998; 13: 227-232.
(Hellenic Journal of Cardiology) HJC ñ 203

A.A. Karatza et al
13. Kohl T, Villegas M, Silverman N: Isolated noncompaction of
ventricular myocardium-detection during fetal life. Cardiol
Young 1995; 5: 187-189.
14. Anderson RH: Regarding isolated ventricular non-compaction. E-letter to Jenni R et al. Heart 2001; 86: 666-671.
Heart on line 17.12.2001.
15. Bleyl SB, Mumford BR, Thompson V, Carey JC, Pysher TJ,
Chin TK, et al: Neonatal, lethal noncompaction of the left
ventricular myocardium is allelic with Barth syndrome. Am J
Hum Genet 1997; 61: 868-872.
16. Barth PG, Scholte HR, Berden JA, Van Der Klei-Van
Moorsel JM, Luyt-Houwen IEM, et al: An X-linked mitochondrial disease affecting cardiac muscle, skeletal muscle,
and neutrophil leucocytes. J Neurol Sci 1983; 62: 327-355.
17. Finsterer J, Stollberger C: Spontaneous left ventricular
hypertrabeculation in dystrophin duplication based Becker’s
muscular dystrophy. Hertz 2001; 26: 477-481.
18. Bleyl SB, Mumford BR, Brown-Harrison MC, Pagotto LT,
Carey JC, Pysher TJ, et al: Xq28-linked noncompaction of

204 ñ HJC (Hellenic Journal of Cardiology)

19.

20.

21.

22.

23.

the left ventricular myocardium: prenatal diagnosis and
pathologic analysis of affected individuals. Am J Med Gen
1997; 72: 257-265.
Wong JA, Bofinger MK: Non-compaction of the ventricular
myocardium in Melnick-Needles syndrome. Am J Med
Genet 1997; 34: 72-76.
Feldt RH, Rahimtoola SH, Davis GD, Swan HJC, Titus JL:
Anomalous ventricular myocardial patterns in a child with complex congenital heart disease. Am J Cardiol 1969; 23: 732-734.
Raghib G, Bloemendaal DR, Kanjuh VI, Edwards JE: Aortic atresia and premature closure of foramen ovale. Myocardial sinusoids and coronary arteriovenous fistula serving
as outflow channel. Am Heart J 1965; 70: 476-480.
Davignon AL, DuShane JW, Kinsaid OW, Swan HJC: Pulmonary atresia with intact ventricular septum. Report of two
cases studied by selective angiocardiography and right heart
catheterization. Am Heart J 1961; 62: 690-697.
Antoniades LC, Moustra IA, Zambartas CA: Isolated ventricular noncompaction. HJC 2003; 44: 286-290.

