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ABSTRACT

Left ventricular noncompaction is a rare genetic cardiomyopathy characterized by non-com-
pacted endocardial and compacted epicardial layers with a ratio >2. This condition presents an
extremely high morphological variability and it is not yet defined as either a distinct cardiomy-
opathy or a morphologic trait shared by different cardiomyopathies. The left ventricle is the most
commonly involved structure, but in rare cases, it may include only the right ventricle. Clinical
presentation of this disease is variable and may be manifested at any age but in symptomatic
patients has unfavorable prognosis.

Electrocardiography findings are non-specific and include left ventricular hypertrophy, repo-
larization changes, inverted T waves, ST-segment changes, intraventricular conduction abnor-
malities, and atrioventricular blocks. Arrhythmias are common, including ventricular tachyar-
rhythmias, atrial fibrillation, and paroxysmal supraventricular tachycardia.

Cardiac magnetic resonance imaging plays an essential role in the assessment of myocardial
fibrosis and final diagnosis.

Asymptomatic patients can be followed by clinical monitoring, whereas for symptomatic pa-
tients therapy is aimed to treat previously mentioned triads of symptoms.

Heart failure symptoms treatment is carried out by the general guidelines on heart failure and
includes the use of mechanical devices such as cardioverter defibrillator implantation and car-
diac resynchronization therapy in primary prevention. When heart failure is refractory to medi-
cal and device therapy, heart transplantation should be considered.

In patients with non compaction cardiomyopathy with implanted defibrillator either in pri-
mary or secondary prevention for sudden cardiac death, there was an appropriate shock in 25%

and 50% of cases respectively, in a follow-up time of 3 years.

KEeyworps: left ventricular noncompaction, cardiomyopathy, echocardiography, cardiac magnetic reso-

nance imaging.

CASE REPORT

A man aged 18-years with dizziness and pal-
pitation was referred to the Department of Car-
diology. Inversion of T waves and clipping were
revealed in the first three precordial leads on
ECG during ventricular repolarization only in
lead V2 (Fig. 1).

Echo images showed a rare case of isolated
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right ventricular noncompaction with mild dilation
of the hypertrabeculated right ventricle and with-
out left ventricle involvement (Fig. 2).

Cardiac magnetic resonance short axis views
(Fig. 3A, B) and long axis views (Fig. 3C) con-
firmed the presence of right ventricular noncom-
paction. Late gadolinium analysis (Fig. 4A, B) ex-
cluded the presence of myocardial fibrosis and/or
fat tissue in both ventricles.

Considering ECG, echocardiography and car-
diac magnetic resonance abnormalities it was de-
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Figure 1. ECG tracing revealing inversion of T waves in the first three precordial leads and a recess during ven-

tricular repolarization in lead V2

cided to perform an endocavitary electrophysio-
logical study that induced a sustained ventricular
tachycardia, with complicated cardiac arrest, suc-
cessfully treated with direct current shock. The pa-
tient was then implanted with cardioverter defi-
brillator. This is a rare description of isolated non-
compaction of the right myocardium in an adult
subject. Besides the right localization of the non-
compaction, this case should be considered unique
for the peculiar association of the V2 lead on ECG
(such as a sort of epsilon wave) and hypertrabecu-
lated right ventricle, in the absence of ventricular
fibrosis and/or fat tissue.
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tricular non-compaction

Figure 2. Echo images showing isolated right ventricular
non-compaction, without left ventricle involvement

Figure 3. Cardiac magnetic resonance of short axis views (A and B) and long axis view (C) confirming right ven-
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Figure 4. Short axis (A) and four chambers (B), late-gadolinium analysis views excluding the presence of myocar-

dial fibrosis and/or fat tissue in both ventricles

INTRODUCTION

Left ventricular noncompaction is a rare genetic
cardiomyopathy characterized by non-compacted
endocardial and compacted epicardial layers in the
myocardial wall connected with trabecular re-
cesses [Oechslin E, Jenni R, 2011].

This pathology affect both children and adults,
and can be sporadic or genetical, autosomal domi-
nant, X-linked or mitochondrial in origin. There is
not a major genetic cause, as a significant genetic
heterogeneity has been noted, together with a poor
correlation between genotype and phenotypic ex-
pression [Oechslin E, Jenni R, 2011]. Moreover,
there is a huge overlap among cardiomyopathy
genes. In fact, major gene mutations associated
with ventricular noncompaction are shared with
other cardiac disorders.

It should be mentioned that among sporadic
cases, apart from genetic ones, some others can be
acquired, as observed in pregnancy, in highly
trained athletes and in patients with sickle cell ane-
mia [Gati S et al., Mar 2013; Gati S et al., Sep
2013, Gati S et al., 2014]. In these cases the results
of phenotypes with increased mechanical load may
disappear as the primary mechanism dissipates.

The disease more often involves the left ven-
tricle, but in some cases both ventricles are in-
volved, and more uncommonly, the right ventricle.

Finally, even if the cases of isolated ventricu-
lar noncompaction exist, many of them are found
in the context of other cardiomyopathies, con-
genital heart abnormalities or multisystem syn-

dromes such as neuromuscular disorders [Stoll-
berger C et al., 2002].

In this context, left ventricular noncompaction
is formally classified by the American Heart As-
sociation as a distinct cardiomyopathy, while the
European Society of Cardiology defines it as an
unclassified cardiomyopathy [Maron B et al,
2006; Elliott P et al., 2008].

It is difficult to establish the real prevalence of
the disease for all the above mentioned reasons.

Among children with primary cardiomyopa-
thies, left ventricular noncompaction is thought
to be the third most common type after dilated
cardiomyopathy and hypertrophic cardiomyop-
athy, with prevalence of about 9% [Andrews R
etal., 2008].

In the adult population, from the registries of
referral institutions, the prevalence is between
0.05% and 0.26% in asymptomatic patients and up
to 4% in heart failure patients, based on echocar-
diographic examinations [dras D et al., 2006,
Sandhu R et al., 2008].

PATHOGENESIS

During embryogenesis the heart initially has a
“spongy” appearance; it consists of a meshwork of
muscle fibers and trabeculations separated by
some recesses known as sinusoids. These recesses
communicate with the ventricular cavity to receive
blood supply. Between 5-8 weeks of gestation,
when coronary arteries develop, the process of
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“compaction” from myocardial fibers starts and
proceeds from the epicardium to the endocardium
and from the base to the apex of the heart [Sed-
mera D et al., 2000].

Ventricular noncompaction results from intra-
uterine arrest of this process; signaling pathways
are compromised throughout the myocardium,
which leads to persistent ventricular trabeculation
[Towbin J et al., 2015].

There could also be an association with the ab-
sence of well-formed papillary muscles, as as-
sessed by autopsy studies [Burke A et al., 2005].

CLINICAL PRESENTATION

Clinical presentation is very variable and can
occur at any age. Many patients are asymptomatic,
so that the diagnosis of ventricular noncompaction
is incidental or more commonly made during
screening of asymptomatic family members of af-
fected patients. In these cases the course of the dis-
ease is generally stable over years.

Conversely, among symptomatic patients the
course of the disease may be more unstable and
has an unfavorable prognosis [Murphy R et al.,
2005]. The most common presentation is heart
failure, followed by the other two typical mani-
festations, arrhythmias (both bradyarrhythmias
and tachyarrhythmias) and embolic events [Stoli-
berger C et al., 2011, Steffel J, Duru F, 2012].
Subendocardial or transmural perfusion deficits
and reduced coronary flow reserve can play a cer-
tain role in ventricular diastolic and/or systolic
dysfunction and altered myocardial metabolism
with possible occurrence of malignant arrhyth-
mias, despite normal epicardial coronary arteries
[Spoladore R et al., 2014].

The mean time from symptoms onset to diagno-
sis is still 3.5 years, because the disease is often
underdiagnosed.

DiaGNosIs

There is not a consensus on absolute diagnos-
tic criteria.

Electrocardiography findings are non-spe-
cific and include left ventricular hypertrophy,
repolarization changes, inverted T waves, ST-
segment changes, intraventricular conduction
abnormalities, and atrioventricular blocks. Ar-
rhythmias are common, including ventricular

tachyarrhythmias, atrial fibrillation, and parox-
ysmal supraventricular tachycardia.
Echocardiography remains an easily accessible
and useful tool. A typical finding is the segmental
thickening of ventricular wall that is composed of
two layers, a thin compacted epicardial one, and a
thickened endocardial one with prominent trabecu-
lations and deep recesses. Ratio of noncompacted
to compacted layer is >2 as measured at end-sys-
tole in the parasternal short-axis view (Fig. 5)
[Jenni R et al., 2001]. Color Doppler helps identi-
fying the deep, perfused intertrabecular recesses

Figure 5. Ratio of non-compacted to compacted,
adapted from Ikeda U and co-authors

[lTkeda U et al., 2015].

The typical anatomic distribution of myo-
cardial noncompaction is preferably apical, fol-
lowed by mid-ventricular (on lateral and infe-
rior walls, typically sparing the septum) and
then basal segments. Notably the number of
segments involved is strongly associated to the
development and severity of systolic dysfunc-
tion [Punn R, Silverman N, 2010].

By improvement of imaging modalities, cardiac
magnetic resonance provides a detailed view of
cardiac morphology and helps visualizing the
apex. Diagnostic findings include: a non-com-
pacted left ventricular myocardial mass >20%
from total mass and a non-compacted/compacted
myocardium ratio >2.3 in at least 1 segment [Jac-
quier A et al., 2010, Petersen S et al., 2005].

It should be noted, that the measurement of car-
diac magnetic resonance studies were performed
during diastole, whereas the echocardiographic
criteria were determined during systole.

Cardiac magnetic resonance is essential in order
to assess the presence and extension of myocardial
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fibrosis by the delayed gadolinium enhancement
analysis with important prognostic information
[Dodd J et al., 2007; Nucifora G et al., 2011].

Finally, computed tomography is not usually
recommended for the diagnosis of ventricular non-
compaction, however it can provide information
about coronary arteries and it may be useful when
magnetic resonance imaging is contraindicated or
difficult to perform, even if there are not specific
diagnostic criteria [Sidhu M et al., 2014].

Current management and treatment options

Asymptomatic patients can be followed by clin-
ical monitoring, whereas for symptomatic patients
therapy is aimed to treat previously mentioned tri-
ads of symptoms.

Heart failure symptoms treatment is carried out
by the general guidelines on heart failure and in-
cludes the use of mechanical devices such as car-
dioverter defibrillator implantation and cardiac
resynchronization therapy in primary prevention.
When heart failure is refractory to medical and de-
vice therapy, heart transplantation should be con-
sidered [Kovacevic-Preradovic T et al., 2009].
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