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ABSTRACT
"Spongy cardiomyopathy" or noncompaction heart disease is a rare congenital 
cardiomyopathy of unknown etiology which results from a failure in embryogenesis 
in the evolutionary process of normal myocardial trabeculation. The characteristic 
echocardiographic findings of this disease consist of multiple myocardial 
trabeculations and deep intertrabecular recesses that communicate with the 
left or right ventricular cavity or both. We present a case of this cardiomyopathy 
that affects the right ventricle, in a fetus of 31 weeks gestation, whose mother 
was an asymptomatic carrier of said pathology. Prenatal ultrasound images are 
presented, including evaluation using the strain (myocardial deformation) technique, 
emphasizing the importance of the patient’s medical history, possible etiologies and 
differential diagnosis with other entities.
Key words: Cardiomyopathy, non-compacted, Isolated noncompaction of the 
ventricular myocardium, Prenatal diagnosis, Ultrasound.

RESUMEN
El ‘miocardio esponjoso’ o cardiopatía no compactada es una rara miocardiopatía 
congénita de etiología desconocida, que resulta de un fallo en la embriogénesis 
en el proceso evolutivo de la trabeculación miocárdica normal. Los hallazgos 
ecocardiográficos característicos de esta enfermedad consisten en múltiples 
trabeculaciones miocárdicas y profundos recesos intertrabeculares que se 
comunican con la cavidad ventricular izquierda, derecha o ambas. Se presenta 
un caso de esta miocardiopatía que afecta el ventrículo derecho, en feto de 31 
semanas de gestación, cuya madre era portadora asintomática de dicha patología. 
Se presenta las imágenes ecográficas prenatales, incluyendo la evaluación mediante 
la técnica de deformación miocárdica (strain), haciendo énfasis en la importancia de 
la historia clínica del paciente, las posibles etiologías y el diagnóstico diferencial con 
otras entidades.
Palabras clave. Miocardiopatía no compactada, No compactación aislada del 
miocardio ventricular, Diagnóstico prenatal, Ultrasonido.

CASE REPORT

Introduction

The 'spongy myocardium' is a rare congenital myocardiopathy of un-
known etiology that results from arrest in normal endomyocardial 
embryogenesis. The characteristic echocardiographic findings of this 
disease consist of multiple myocardial trabeculations and deep intertra-
becular recesses communicating with the left or right ventricular cham-
ber or both(1). This cardiomyopathy appears to divide the ventricular 
cavity, splitting its interior. It can present in prenatal, neonatal, infantile 
and adult forms, in which the spongy myocardium and systolic dysfunc-
tion are the common feature.

Prenatal diagnosis has been sporadically reported. Its frequency has 
been estimated at 0.12 per 100 000 or 1 in 850 000 children aged 0 to 
10  years(2). Histologically, it is characterized by poorly organized bun-
dles of myocytes in the subepicardial and middle myocardial areas of 
both ventricles, and myocytes show thin fibers, often angulated, with 
a prominent clear center(3). Studies in mouse embryos, using episcopic 
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microscopy, have  made it possible to evaluate 
the process of changes in endocardial trabecula-
tion(4), although these results cannot be extrap-
olated to the human heart.

We present a case of this rare entity that affects 
the right ventricle, in an intrauterine patient with 
31 weeks gestation, whose mother had this pa-
thology and whose diagnosis oriented the inves-
tigation towards the fetus. Two-dimensional pre-
natal ultrasound and color Doppler images are 
shown, including evaluation using the myocardi-
al deformation (strain) technique, emphasizing 
the importance of the patient's clinical history, 
differential diagnosis with other entities and its 
possible etiopathology mechanism.

Case presentation

A 31-year-old patient, gesta III, para I, who re-
ferred, in previous gestation, stillbirth at 32 
weeks.  The patient's father had sudden death 
at age 40. The patient was a carrier of noncom-
paction heart disease with sporadic arrhyth-
mias, asymptomatic at the time of the exam-
ination. The specialist's report oriented towards 
diagnostic investigation in the fetus. The current 
pregnancy was 31 weeks, fetal growth according 
to gestational age (AEG), with normal amniotic 
fluid  index (ILA);  normal fetal anatomy, female 
genitalia, with a slight pericardial effusion small-
er than 3 mm. No screening was performed at 
11-14 weeks. The antiphospholipid syndrome 
(APS) was ruled out with laboratory tests. She 
had a full-term delivery, live newborn Apgar 7 
and 10, weight 3 100 g.

The diagnosis of asymptomatic noncompaction 
right ventricular cardiomyopathy was confirmed. 
He is currently in control. The images leading to 
diagnosis are shown. The rest of the fetal heart 
study, connections, arches, rhythm, and flowme-
try were normal. The equipment used was Esaote 
MyLab Twice with a 2.5–3.5 MHz  PA240 multi-
frequency transducer, and XStrain™ Doppler 2D 
software, with the ultrasonography equipment 
connected to an electrocardiographic signal gen-
erator, adjustable to the fetal heart rate detected 
by the Doppler flow wave of the mitral valve. Video 
recordings of three cardiac cycles were obtained 
in a four-chamber plane, and those in which the 
zero-voltage curve corresponded to the S wave of 
the EKG QRS were processed. The regional pat-
terns of myocardial deformation were completely 

different, being evident the altered deformation 
(strain) curves of the presented case, with respect 
to the observed unaffected case (control). Figures 
1 and 2.

Discussion

The bibliography consulted(1-19) summarizes the 
possible causes of this entity, among which are 
proteins with genetic mutations, probably re-
sponsible for the appearance of cases with non-
compaction of the left ventricle (NCLV), genes 
responsible for familial incidence, X-linked fami-
ly disorders, mutated genes, and genotype-phe-
notype correlations of various syndromes such 

Figure 2. Strain curves and their respective strain rate (strain and 
strain rate) of both ventricles of the case with noncompaction 
cardiomyopathy (red circles A and B), with obvious differences 
when compared with a normal control case (green circles C and 
D) of the same gestational age (31 weeks). The regional patterns 
of myocardial deformation were completely different in the right 
ventricle of the case compared to that observed in the unaffected 
heart (control).

Figure 1. Sequence of tetrachameral section images of the fetal 
heart, showing the asymmetry of the chambers at the expense of the 
right ventricle, in which numerous trabeculations and blood flow 
(color Doppler) are observed in the cardiac chamber, penetrating 
the intertrabecular recesses.
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as Becker muscular dystrophy, Emery-Dreifuss 
muscular dystrophy or Barth syndrome. The 
latter is characterized  by neutropenia, growth 
retardation, high urinary organic acids, low car-
nitine levels, associations with other entities, 
such as mitochondrial disorders (DNAmt, DNA 
mutations). Furthermore, the CSX gene has been 
implicated in the development of some cases of 
noncompaction cardiomyopathy. The genetic 
background suggests that the uniform morphol-
ogy of left ventricular hypertrophy could not 
only be attributable to embryonic non-compac-
tion, but could also be the result of induction of 
hypertrabeculation, as a compensatory reaction 
of an impaired myocardium. Differential diagno-
sis includes, but is not limited to, left ventricular 
hypertrophy, Pompe disease, dilated cardiomy-
opathy, apical hypertrophic cardiomyopathy, en-
docardial fibroelastosis, left ventricular throm-
bus, and arrhythmogenic diseases.

This cardiomyopathy was first described in 1984 
by Engberding and Bender(14). Previously, this 
type of abnormality had been recognized only in 
cases of congenital heart defects with an intact 
ventricular septum and the semilunar valve atre-
sia. Engberding and Bender called the disorder 
“persistence of isolated myocardial sinusoids”. It 
can occur as an isolated entity or associated with 
other heart pathologies(11), and can often affect 
both ventricles.

Diagnosis is done by echocardiography. Jenni et 
al.(13) defined criteria for echocardiographic di-
agnosis of left ventricle noncompaction (LVNC), 
and these are: 1) coexisting cardiac abnormali-
ties caused by exposure to high pressure of the 
ventricle during intrauterine development are 
absent, and in which various forms of semilunar 
valve obstruction are absent; 2) the left ventric-
ular wall is thickened and consists of a 2-layer 
structure: a compacted epicardial band of uni-
form tissue and a much thicker, non-compacted 
endocardial layer of prominent trabeculations 
and deep intertrabecular recesses, with a rela-
tionship during maximum systole between lay-
ers not compacted to compacted greater than 2, 
these characteristics are  found predominantly 
in the apical and middle ventricular segments 
of the left ventricle; and 3) color Doppler shows 
blood flow passing directly from the ventricular 
cavity into the spaces between prominent tra-
beculations, and is visualized throughout the 
heart cycle. A noncompacted ventricular wall 

(NC) over compacted wall (PC) ratio greater than 
3 and involvement of three or more segments 
in the ventricular chamber are signs of poor 
prognosis, associated with greater clinical dete-
rioration (functional class III/IV) and ventricular 
arrhythmias.

The issue has been open to controversy. Thus, 
Anderson(5) believes that the evidence is growing 
that noncompaction left ventricular cardiomy-
opathy, as currently defined, does not represent 
a preexisting trabecular myocardial compaction 
failure found during embryonic development to 
form the compact component of the ventricu-
lar walls. Furthermore, this author(5) states that 
there is no evidence that we are aware of favor-
ing the notion that the entity is a return to a phe-
notype seen in cold-blooded animals, adding 
that it is known that, when observed in adults, 
the presence of excessive ventricular trabecula-
tions does not augur a poor prognosis when the 
ejection fraction is normal. The review carried 
out by this author suggests that the presence 
of an excessively trabeculated left ventricular 
wall is not in itself a clinical entity and, there-
fore, maintains that the term “noncompaction 
cardiomyopathy” is misleading, because there is 
no compaction failure or a cardiomyopathic pro-
cess in most individuals who meet widely used 
diagnostic criteria.

An interesting contribution, pending to be cor-
roborated in humans, is the findings of episcopic 
microscopy, which has allowed the trabecular 
maturation process to be studied in detail(4), 
which is summarized by Sun et al. as follows: in 
the fourth week of normal embryonic develop-
ment, the myocardium is composed of a spongy 
reticular layer before the formation of the coro-
nary artery circulation. Between 5 and 8 weeks, 
the ventricular myocardium gradually becomes 
compact. The compaction process begins from 
the epicardium to the endocardium, from the 
base to the apex. As a result, the trabeculae are 
constantly absorbed and compacted, with the 
subsequent progressive expansion of the ven-
tricular cavity. At 12 weeks of embryonic devel-
opment, the compaction process is complete. 
The myocardium near the epicardium is fully 
formed, while the myocardium near the endo-
cardium is not as fully formed as the one near 
the epicardium. Consequently, some pectinate 
muscles and trabeculae remain. The smooth 
part of the interventricular septum is so named 
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because of the absorption of more complete tra-
beculae from the upper segment of the interven-
tricular septum, while the lower segment of the 
septum, due to incomplete absorption, is called 
the trabecularized portion of the lower segment 
of the ventricular septum.

Important information is gathered in the re-
views(4,6,7,14), among which it stands out that 
left ventricular noncompaction is diagnosed 
in 0.05%-0.26% of adult patients referred for 
echocardiographic examinations, with a male 
predominance. However, some studies report a 
prevalence of 0.01%-1.3% in the general popula-
tion.  In patients affected by noncompaction of 
the left ventricle (NCLV), this entity is the cause 
of heart failure in 3-4/100 affected. The rate of 
family involvement seems to vary between 18 
and 33%.  Left ventricular noncompaction is a 
unique inherited cardiomyopathy, characterized 
by an increased risk of adverse cardiovascular 
events, such as heart failure, arrhythmia or sud-
den cardiac death.

Although most of the published cases corre-
spond to left ventricular noncompaction, Tian 
et al.(6) examined nine cases of this pathology 
in fetuses, using prenatal echocardiography, 
and found that the trabeculated myocardium 
and noncompaction/compaction ratio (N/C ra-
tio) ≥2.0 was the echocardiographic character-
istic that allowed diagnosis.  In the nine fetuses 
with prenatal diagnosis, six were diagnosed 
with left ventricular noncompaction, two with 
noncompaction of both ventricles (biventricular 
NC) and one with right ventricular noncompac-
tion.  Muscle biopsies were performed in three 
of the aborted fetuses and abnormal mitochon-
dria, sarcomeres and myocardial fibers were ob-
served. These authors(6)conclude that noncom-
paction can be identified in the fetus, and that 
the most frequent one involves the left ventricle, 
but can also affect the right ventricle, or even 
both ventricles.  The myocardial ultrastructure 
of fetal ventricular noncompaction has certain 
unique characteristics with respect to the mat-
uration of mitochondria, sarcomeres and myo-
cardial fibers.

Karatza et al.(9) state that patients, depending 
on the extent of the lesion, may be asymp-
tomatic or present symptoms of heart failure, 
systemic embolization or various forms of ar-
rhythmias. Some patients show a characteristic 

dysmorphic facial appearance represented by a 
prominent forehead, lowered ears, high arched 
palate and micrognathia. In these authors, the 
increased nuchal fold led them to suspect a 
chromosomal abnormality. However, amniocen-
tesis revealed, in the two cases studied, a normal 
female karyotype. The female sex also excluded 
the possibility of Barth syndrome.

For Engberding et al.(14), diagnosis is based on 
the following echocardiographic criteria: the 
presence of at least 4 prominent trabeculations 
and deep intertrabecular recesses, blood flow 
from the ventricular cavity to the intertrabecular 
recesses, and a bilaminar structure typical of the 
affected portion of the left ventricular myocar-
dium.  Also, it can be diagnosed with magnetic 
resonance imaging of the heart.

The clinical manifestations of the condition and 
its severity are variable and include heart fail-
ure, thromboembolic events and arrhythmias. 
Treatment is based on symptoms. Symptomat-
ic carrier patients have a poor prognosis. These 
authors(14) attribute to Chin et al.(15) the sugges-
tion that the entity be renamed as “isolated left 
ventricular myocardium noncompaction”, based 
on a better understanding of developmental 
physiology, emphasizing that this designation 
implies an alteration of the compaction process 
that occurs normally, as part of embryonic mor-
phogenesis of the myocardium.

Clinical manifestations in the fetus and newborn 
have been published, such as increased nuchal 
translucency(9), ascites and congestive heart fail-
ure(3), arrhythmias, hydrops, sudden death, fa-
cial dysmorphism (frontal dome, lowered ears, 
strabismus and micrognathia)(10,12,13). Another 
important clinical finding is the coexistence of 
some types of neuromuscular disorder and as-
sociation with Barth syndrome(19).

As reported by Xiao-Jin Ma et al.(3), echocardiog-
raphy can be used in qualitative and quantitative 
diagnosis of noncompaction cardiomyopathy 
and in the evaluation of cardiac function.  The 
apex and the midsegment of the left ventricular 
lateral wall are often involved, accompanied by 
a decrease in the left ventricular ejection frac-
tion. Heart failure was found in 83% (44/53) of 
children with this pathology, and the left ventric-
ular ejection fraction for these children was 43 
± 9%.
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In addition to  the strain technique, the strain 
rate has been used in adults to assess myocardi-
al deformation in the different segments of the 
affected cavity(16.17), finding a reduction in strain 
rates especially in mid-ventricular and apical 
cuts affected. The deterioration of all the defor-
mation parameters and the strain rate correlates 
well with the extension of the non-compacted 
myocardium. Magnetic resonance imaging (MRI) 
has shown utility in the diagnosis(18).

In the reported case, the regional patterns of 
myocardial deformation were completely dif-
ferent, being evident the altered strain curves 
of the case with respect to that observed in the 
unaffected heart, especially those of the right 
ventricle.

Conclusions

Noncompaction cardiomyopathy is a rare entity 
that can lead to serious compromise of the affect-
ed individual’s health, and it can be suspected in 
the prenatal stage in the presence of marked car-
diomegaly or of the left, right or both, dilated and 
hypertrophic ventricle, the presence of numerous 
trabeculations and deep intertrabecular recesses 
within the cardiac ventricular myocardium. These 
show direct blood flow from the ventricular cav-
ity to the deep intertrabecular spaces, which is 
evidenced by color Doppler.  In the present case, 
it was an antenatal case of noncompaction of the 
right ventricle, whose mother was a carrier of said 
pathology, and which was used for the exhaustive 
study of her baby’s heart by means of 2D echocar-
diography, color Doppler and curves of myocardial 
deformation (strain), the latter which, according to 
the bibliography, has not been applied in the neo-
natal stage in the diagnosis of this entity.

We consider that the prenatal diagnosis, the 
evaluation of the cardiac performance of the fe-
tal heart, the specialized evaluation at the time 
of birth, will allow the adequate management of 
each case, as well as establishing an adequate 
prognosis for each patient. This is crucial to im-
plementing the most appropriate treatment, 
and should be based on the results of a variety 
of clinical trials.
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