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ABSTRACT
Cardiomyopathies classification is based on morphological and functional phenotypes and subcatego-

ries of familial/genetic and non-familial/non-genetic disease. The non-compaction cardiomyopathy is 
a rare disorder which is considered to be an unclassified cardiomyopathy according to the ESC Work-
ing Group on Myocardial and Pericardial Diseases and the World Health Organization or a primary 
genetically-determined cardiomyopathy according to the American Heart Association. The diagnosis of 
non-compaction is challenging and its nosology is debated since this morphological trait can be shared 
by different cardiomyopathies and non-cardiomyopathy conditions. Myocardial structure has a spec-
trum from normal variants to the pathological phenotype of non-compaction cardiomyopathy, which 
reflects the embryonic structure of the human heart due to an arrest in the compaction process during 
the first trimester. However, when a definite diagnosis of non-compaction is made, the diagnostic pro-
cess should orient towards a genetic disease with a relatively high probability of sarcomere mutations. 
Non-compaction cardiomyopathy is a diagnostically challenging entity. Nowadays there are some con-
troversies associated with this cardiomyopathy, that it worth to be discussed.
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INTRODUCTION

A cardiomyopathy is defined as a 
myocardial disorder in which the 
heart muscle is structurally and 
functionally abnormal, in the ab-
sence of coronary artery disease, 

hypertension, valvular disease and congenital 
heart disease sufficient to cause the observed 
myocardial abnormality. Cardiomyopathies are 
grouped into specific morphological and func-
tional phenotypes; each phenotype is then 
sub-classified into familial and non-familial 
forms. The spongy myocardium was first identi-
fied by Grant in 1926 (1). The isolated non-

compaction cardiomyopathy (NCC) was re-
ported for the first time in 1984 (2). But the first 
reported cases of non-compaction cardiomy-
opathy were described in association with con-
genital heart disease (obstructed outflow tract 
of the left and right ventricle, complex cyanotic 
congenital malformations and coronary ano-
malies) (3). In some patients, NNC is associated 
with left ventricular dilatation and systolic dys-
function, which can be transient in neonates. 
Non-compaction cardiomyopathy occurs in 
isolation and in association with congenital car-
diac disorders such as Ebstein’s anomaly or 
complex cyanotic heart disease and some neu-
romuscular diseases. However non-compac-
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tion diagnosis is challenging and its nosology is 
debated since this morphological trait can be 
shared by different cardiomyopathies and non-
cardiomyopathy conditions.  

PREVALENCE OF NON-COMPACTION 
CARDIOMYOPATHY

A real population prevalence of isolated 
NNC is not known; it is reported in 0.014% 

of consecutive echocardiograms (4). In large 
pediatric series, NNC is reported to be the 
commonest cause of unclassified cardiomyo-
pathies. However, this is a fact that is probably 
underestimated, since the image quality of this 
method has greatly improved in recent years. 

Familial occurrence is frequent with autoso-
mal dominant and X-linked transmissions. Dif-
ferent mutations in sarcomere protein genes 
were identified and there seems to be a shared 
molecular etiology of different cardiomyopathy 
phenotypes, including NCC, hypertrophic and 
dilated cardiomyopathies. More recent studies 
have determined that the prevalence of the 
disease was of around 18% to 50% among me-
mbers of affected families (4). NNC is frequent-
ly familiar, with at least 25% of asymptomatic 
relatives having a range of echocardiographic 
abnormalities. Some cardiac abnormalities may 
be associated with NCC: the non-compa c   ted 
myocardium with sinusoids and fistulas of the 
right coronary artery may present congenital 
abnormalities in the outflow tract of left and 
right ventricles (5); presence of Ebstein’s ano-
maly, bicuspid aortic valve and transposition of 
great vessels (6-8). Patients with NCC may also 
have a ventricular septal defect (9).  

GENETICS OF NON-COMPACTION 
CARDIOMYOPATHY

The NCC can occur in metabolic diseases 
and genetic syndromes, including the Barth 

syndrome, the Charcot-Marie-Tooth disease 
and the Melnick- Needles syndrome (10). The 
NCC can be genetically sporadic or familial. 
Some affected individuals may be detected by 
tracking the asymptomatic relatives of affected 
patients. Genes in which causative mutations 
have been identified include: G 4.5 encoding 
taffazin (X-linked, responsible for the Barth syn-
drome) (4), alpha dystrobrevin (4) , ZASP (4), 
actin (4), lamin A/C (4); a locus on chromo-
some 11 p 15 (in a family with autosomal do-
minant penetrance) (11); the E101K mutation 

of the alpha-cardiac actin has been identified 
in families with NCC, septal defect and apical 
hypertrophic cardiomyopathy (12); a mutation 
(P121L) in the gene that codes the dystrobrevin 
alpha, cytoskeletal protein and transcription 
factor NKX2.5 was found in a family with NCC 
and congenital heart disease (13,14); a muta-
tion of the gene for the cytoskeletal protein, 
CYPHER/ZASP, was found in one family and in 
three sporadic cases (15,16). Genetic heteroge-
neity, with an overlap of different phenotypes, 
and the variability of hereditary patterns, raise 
the questions whether there is a morphological 
trait from dilated/hypertrophic cardiomyopa-
thy to NCC and what are the triggers and mo-
difiers to develop either dilated, hypertrophic 
cardiomyopathy, or NCC in patients with the 
same mutation.  

NON-COMPACTION CARDIOMYOPATHY 
DIAGNOSIS

The non-compaction cardiomyopathy is a 
rare disorder which is considered to be an 

unclassified cardiomyopathy according to the 
ESC Working Group on Myocardial and Peri-
cardial Diseases (like Barth syndrome) (4) and 
the World Health Organization or a primary 
genetically-determined cardiomyopathy ac-
cording to the American Heart Association 
(17). It is characterized by the following as-
pects: 
1. Change in myocardial wall due to the 

promi nence of its trabeculations with deep 
intertrabecular recesses, which may be 
secon dary to the intrauterine arrest of myo-
cardial compaction that occurs in the early 
stages of fetal development. The result is 
two layers of myocardium, a compacted 
one and non-compacted layer.

2. Continuity between the ventricular cavity 
and the intertrabecular recesses, which are 
filled with blood from the ventricle and 
which have no communication with the 
epi cardial coronary system.

3. Decrease in the coronary flow reserve mea-
sured by PET-CT, observed in most segments 
that show ventricular wall motion abnor-
malities.
The diagnosis of NCC is often made by 

echocardiography. Characterization of the nor-
mal myocardial structure is the first step before 
definition of a pathological appearance of the 
myocardium. However, other imaging tests 
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recesses. The ratio of non-compacted myo-
cardium to compact myocardium at the 
end of systole is > 2:1; the trabeculae are 
usually located on the apical/lateral, mid-
dle/bottom walls of the left ventricle; most 
non-compacted segments are hypokinetic; 
the flow between the intertrabecular reces-
ses can be identified by using the color 
Doppler method (Figure 1).

2. Presence of x/y < 0.5, where: X = distance 
from the epicardial surface to the trabecular 
recess; Y = distance from the epicardial sur-
face to the peak of trabeculations. These 
criteria are applied to trabeculations of the 
left ventricular apex with subxiphoid or api-
cal four-chamber views at the end of the 
diastole. 

3. Presence of more than three trabeculations 
in the left ventricular wall, with the papillary 
muscles located at the apex, visible in one 
image plane; intertrabecular spaces, per-
fused from the ventricular cavity, viewed by 
color Doppler imaging.
The most used in practice is the first criteria. 

The myocardial wall trabeculations are most 
commonly located at the apex and on lateral 
and bottom walls of the left ventricle (Figure 
1a). Contrast echocardiogram or color Doppler 
(Figure 1b) is useful to better image intertrabec-
ular spaces.

New echocardiographic technique, such as 
tissue Doppler imaging, strain and strain rate, 
and speckle tracking, may help to evaluate the 
functional impact of an abnormal myocardial 
architecture and enable the clinician to distin-
guish between normally trabeculated myocar-
dium from NCC (22-24). It seems that LV base 
and apex rotated in the same direction in all 
non-compaction patients (24).

Because the apical region cannot be prop-
erly viewed by echocardiography, and this 
leads to underestimation of the degree of the 
left ventricular non-compaction, cardiac reso-
nance has become the method of choice to 
confirm or rule out the diagnosis of NCC (25); 
it provides a more detailed description of the 
cardiac morphology in any image plane (Figure 
2). A ratio of compacted myocardium to non-
compacted myocardium > 2.3 produces the 
highest sensitivity (86%) and specificity (99%) 
in the diagnosis (25). Ventriculography can also 
be helpful (Figure 3).

Due to the high prevalence of neuromuscu-
lar disorders reported in patients with NCC (up 

such as magnetic resonance imaging, which is 
the most chosen method, computed tomogra-
phy and left ventriculography may diagnose or 
confirm the clinical suspicion. The main dif-
ferential diagnoses of NCC include: dilated 
car diomyopathy, hypertensive heart disease, 
api cal hypertrophic cardiomyopathy, infiltra-
tive cardiomyopathy and endomyocardial 
fibro sis.

The echocardiogram is used as the initial 
method in the diagnosis and monitoring. There 
are some echocardiographic criteria proposed 
for NCC diagnosis (18-21): 
1. Absence of coexisting cardiac abnormali-

ties; segmental thickening of myocardial 
wall of left ventricle with two layers: a thin 
epicardial layer and a thick endocardial lay-
er with prominent trabeculations and deep 

FIGURE 1A. Apical 4 chamber view in bidimensional 
echocardiography shown left ventricular non-compaction of apical 
and lateral wall.

FIGURE 1B. Apical 4 chamber view in color Doppler 
echocardiography shown that blood is present between apical and 
lateral wall trabeculations.
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normal systolic function. Extrapolating the indi-
cations of management in heart failure, beta-
blockers and ACE inhibitors are also recom-
mended in NCC. In the case of symptomatic 
ventricular arrhythmia and in the context of 
impaired systolic function, the prevention of a 
sustained event and potentially lethal arrhyth-
mia is indicated by antiarrhythmic agents or 
implantable cardiac defibrillators. Patients with 
higher final diastolic diameter of left ventricle, 
low ejection fraction, functional class III-IV 
NYHA, persistent or permanent atrial fibrilla-
tion and bundle branch block are at high risk 
and they are, at an early stage, candidates for 
aggressive interventions, including the consi-
deration of an implantable cardiac defibrillator, 
cardiac resynchronization therapy and evalua-

to 82%) (21), neurological and musculoskeletal 
evaluations are also recommended, regardless 
of whether they have symptoms or not, be-
cause the neuromuscular disorder could not 
yet manifested it clinically.

The clinical manifestations of NCC may vary 
widely between asymptomatic and symptoms 
of heart failure, arrhythmias (atrial fibrillation, 
ventricular tachycardia, branch blocks or bra-
dycardia and Wolff Parkinson White Syndrome 
in pediatric population) or thromboembolism 
(26,27). The electrocardiographic findings are 
often abnormal in NCC, without any specific 
changes. It seems that a large portion of pa-
tients diagnosed with systolic heart failure met 
the criteria for NCC, at least when such criteria 
are applied a posteriori. Black people have a 
higher incidence of hypertrabeculation that 
meets current diagnostic criteria, regardless of 
the presence of left ventricular disease. There-
fore the suspected diagnosis must be confirmed 
with the use of cardiac magnetic resonance im-
aging, so as to differentiate the trabeculae of 
aberrant bands, false tendons and abnormal 
insertion of papillary muscles. The differential 
diagnosis with thrombi, apical hypertrophic 
cardiomyopathy, fibroma, obliterative process, 
intramyocardial hematoma, cardiac metasta-
ses, intramyocardial abscesses and cardiac 
hemangiomas must be considered (28). In chil-
dren, NCC must be differentiated from pulmo-
nary valve atresia with intact interventricular 
septum and diseases that may lead to obstruc-
tion of the outflow of the left ventricle (29). 
However, the variety in clinical presentation, 
the genetic heterogeneity, and the phenotype 
of the first transgenetic animal model of an 
NCC-associated mutation question the hypo-
thesis that NCC could be a distinct cardiomy-
opathy: it seems to be rather a distinct pheno-
type or phenotypic, morphological expression 
of different underlying diseases than a distinct 
cardiomyopathy (30).  

TREATMENT OF NON-COMPACTION 
CARDIOMYOPATHY

The main complications related to NCC are 
thromboembolism, arrhythmias and pro-

gressive heart failure. Chronic oral anticoagula-
tion treatment is recommended in patients 
with decreased systolic function with ejection 
fraction below 40%, history of thromboembo-
lism or atrial fibrillation. The use of aspirin is 
recommended for asymptomatic patients with 

FIGURE 2. Apical 4 chamber view in magnetic resonance image .

FIGURE 3. Ventriculography image that shown the presence of 
multiples trabeculations on apical segments.
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This raises the question that at least for cer-
tain mutations, hypertrophic, restrictive, dilat-
ed cardiomyopathies, and non-compaction are 
not clearly distinct clinical and pathophysiolog-
ical entities (33,34). 

The left ventricular non-compaction defini-
tions are variable, and it is difficult to know 
which echocardiographic (California (18), Zu-
rich (19), Vienna (21), Milwaukee (35)) or MRI 
(25, 36) criteria are “best” for making a valid 
diagnosis of NCC. However the echocardio-
graphic suspected diagnosis must be confirmed 
with the use of cardiac magnetic resonance im-
aging. It seems that delineation, hence mea-
surements, of the compacted and non-com-
pacted layers of the myocardium are more 
precise at end-diastole than at end-systole (35). 
This approach is consistent with the American 
Society of Echocardiography’s convention of 
chamber and wall thickness measurements, 
which are performed at end-diastole.

Universally accepted definition of NCC is 
still lacking both on echocardiography and on 
MRI (37,38). Differential diagnoses are chal-
lenging because there is no diagnostic “gold 
standard” and also NCC shares many features 
with hypertrophic and dilated cardiomyopa-
thies (39).  

CONCLUSION

Non-compaction cardiomyopathy is a dis-
ease that has been increasingly recognized 

in clinical practice during the last 25 years. Its 
clinical presentation is highly variable; it may 
be asymptomatic in many cases, or it may lead 
to severe heart failure and sudden death in 
other cases. The high incidence of non-com-
paction cardiomyopathy in recent years, main-
ly due to improvements in echocardiographic 
techniques and use of cardiac resonance, sug-
gests that hypertrabeculation also occurs in 
other comorbidities and that it may be falsely 
diagnosed as ventricular non-compaction. 
Non-compaction cardiomyopathy diagnosis 
should be carefully evaluated by imaging meth-
ods to avoid inappropriate and exaggerated 
diagnoses. The variety in clinical presentation, 
the genetic heterogeneity and varies pheno-
types raises the question if non-compaction 
cardiomyopathy can be a distinct cardiomyop-
athy. This implies that patients with non-com-
paction cardiomyopathy and their first degree 
relatives undergo a comprehensive diagnostic 

tion for transplant (31). The prognosis of pa-
tients with NCC is determined by the degree 
and progression of heart failure, presence of 
thromboembolic events and arrhythmias. The 
occurrence of embolic events, ventricular ar-
rhythmias and sudden death appears to be sig-
nificantly lower in pediatric patients than in 
adults.  

CONTROVERSIES AND CHALENGES 

Non-compaction cardiomyopathy is a diag-
nostically challenging entity. First of all, 

NCC is considered to be an unclassified cardio-
myopathy according to the ESC Working Group 
on Myocardial and Pericardial Diseases and the 
World Health Organization and a primary ge-
netically-determined cardiomyopathy accord-
ing to the American Heart Association (4,17). 
Second, there is some controversy whether 
NCC is congenital due to an arrest of the nor-
mal compaction process of the developing 
myocardium or NCC is acquired. The ontoge-
netic development of the myocardium is criti-
cal to appreciate the morphological appear-
ance of NCC. Emergence of trabeculations (at 
the end of the fourth week of gestation) and 
trabecular remodeling (after completion of 
ventricular septation at 8 weeks of gestation in 
human) are the key steps to understand NCC 
(32). The compaction process or trabecular re-
modeling gradually progresses from the epicar-
dium to the endocardium, from the base to the 
apex and from the septum to the free wall in 
the LV, and is more pronounced in the left ven-
tricle than in the right ventricle. The time of 
arrest of the normal embryonic myocardial 
maturation determines the severity and exten-
sion of NCC. Recent advances in genetics raise 
the question whether NCC can also develop 
postnatally. In addition, serial echocardio-
graphic studies showed that non-compactation 
was not diagnosed on initial echocardiogram 
but was becoming evident in subsequent ex-
aminations. However it is not clear whether 
NCC is a separate cardiomyopathy, or merely a 
congenital or acquired morphological trait 
shared by many phenotypically distinct cardio-
myopathies. There is the reality that a pathoge-
netic mutation in the same gene results in a dif-
ferent trabecular remodeling or maladaptive 
remodeling response of the embryonic myo-
cardium, which can cause different pheno-
types/cardiomyopathies.
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