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Abstract: Left ventricular noncompaction (LVNC) is a congenital pathology that directly affects
the lining walls of myocardial tissue, causing trabeculations with blood filling in the inner wall of
the heart, concomitantly with the development of a mesocardial thinning. Although LVNC was de-
scribed for the first time as long ago as 1984, our understanding of the disease with regard to its ge-
netic pattern, diagnosis, clinical presentation and treatment is still scanty. LVNC can present as an
isolated condition or associated with congenital heart disease, genetic syndromes or neuromuscular
disease. This suggests that LVNC is not a distinct form of cardiomyopathy, but rather a morpho-
logical expression of different diseases. Recognition of the disease is of fundamental importance
because its clinical manifestations are variable, ranging from the absence of any symptom to con-
gestive heart failure, lethal arrhythmias and thromboembolic events. The study of this disease has
emphasized its genetic aspects, as it may be of sporadic origin or hereditary, in which case it most
commonly has an autosomal dominant inheritance or one linked to the X chromosome. Echocardi-
ography is the gold standard for diagnosis, and magnetic resonance imaging may refine the identifi-
cation of the disease, especially in those patients with non-conclusive echocardiography. This arti-
cle sets out to review the main characteristics of LVNC and present updates, especially in the ge-
netic pattern, diagnosis and treatment of the disease.

Keywords: Compacted myocardium, myocardial trabeculations, genetic heart diseases, noncompaction, left ventricular, rare

heart diseases.

1. INTRODUCTION

Left ventricular noncompaction (LVNC) is a rare genetic
and congenital disorder characterized by the excessive for-
mation of blood-filled trabeculae and intertrabecular recesses
in the uncompressed inner endocardial wall associated with a
thin, compact wall, the mesocardium [1-5]. This condition
was first described by Grant in 1926 but was only classified
as a primary X-linked genetic cardiomyopathy by the
American Heart Association (AHA) in 2006, in contrast to
the European Society of Cardiology and the International
Organization for Classification of Heart Diseases, which still
consider LVNC an unclassified heart disease [1, 3, 4, 6]. The
most recent MOGE(S) nosology proposes a simple descrip-
tion of the trait in subjects with either normal left ventricular
size, wall thickness and preserved systolic/diastolic function
or in combination with other cardiac conditions such as hy-
pertrophic cardiomyopathy, restrictive cardiomyopathy, di-
lated cardiomyopathy and arrhythmogenic right ventricular
cardiomyopathy [7]. The pathogenic mechanisms underlying
LVNC are associated with fetal age in the final phase of car-
diac tissue fiber formation and compression. Evidence

*Address correspondence to this author at the R. dos Palmares - Santo
Amaro, 252, Recife - PE, zipcode: 50.100-060, Brazil; E-mail:
dario.sobral@upe.br

1573-403X/21 $65.00+.00

supporting the genetic criteria related to the syndrome identi-
fied mutations of genes encoding sarcomeric proteins that
form the cytoskeleton and nuclear membranes [3, 4]. The
nonembryogenic hypothesis of LVNC classifies it as a spo-
radic, acquired, and permanent or transient disease because
acquired LVNC is presumed to be present in complex syn-
dromes in athletes as a direct effect of cardiac remodeling, or
even in response to left ventricular overload or physiological
mechanisms in pregnancy. It may also be associated with
certain clinical conditions. Noncompaction of the tissue oc-
curs mostly in the apical region of the left ventricle, but in
rare cases, it can affect the right ventricle or even both ven-
tricles [3, 4, 6, 8].

The deleterious effects of LVNC on heart muscle include
heart failure (HF), ventricular tachyarrhythmias, and throm-
boembolic events; however, severe cases lead to lethal ar-
rhythmias and sudden death [1-3, 5, 8-9].

2. EPIDEMIOLOGY

The epidemiology of LVNC has not been fully elucidated
to date. A prospective Swiss study reported 34 adult patients
with LVNC aged 15 years among all patients undergoing
echocardiographic assessment, accounting for 0.014% of the
total sample population [10]. A prevalence of 9.2% was
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noted among children with previous cardiomyopathy and
18-50% among members of the same affected family [11,
12]. The prevalence of ventricular noncompaction in patients
with HF was reported to be 3% [13]. However, these data
may not be reliable due to the difficulty in verifying hyper-
trabeculation on transthoracic echocardiography, as well as
the use of obsolete technology to establish the diagnosis. It is
important to understand that “LVNC” describes an anatomic
variant of left ventricular (LV) and does not necessarily de-
scribe a disease [14].

LVNC is not prevalent among individuals of African or
Caucasian descent [15]. However, a study based on the Afri-
can athletes with HF showed a high prevalence of myocar-
dial hypertrabeculation, with about 15% of patients satisfy-
ing the echocardiographic criteria of LVNC [16]. However,
it is unclear whether this cardiac morphology observed in
individuals of African descent is a manifestation of LVNC or
is only secondary to the increase in cardiac preload in these
individuals [17, 18].

Regarding sex-based epidemiology, men are often more
affected than women, with males being affected in between
52 and 86% of the cases [10, 19-21].

3. CLINICAL PRESENTATION

The clinical presentation of LVNC varies in severity,
ranging from asymptomatic patients to those presenting
symptoms mainly associated with cardiac changes, those
with musculoskeletal symptoms, and those with symptoms
possibly associated with congenital diseases, such as Eb-
stein’s anomaly, bicuspid aortic valve, carotid artery abnor-
malities, or clinical syndromes, such as Charcot-Marie-Tooth
syndrome or the Melnick-Needles Syndrome [1, 3, 5].

The main cardiac symptoms associated with LVNC are
related to HF, occurring in up to half of the patients. Atrial
fibrillation can affect 25% of adult patients and ventricular
tachyarrhythmias up to around 50%, in addition to clinical
symptoms reported by the patients themselves, such as
weakness and palpitations [3, 8]. There is a possible associa-
tion between bradycardia and Wolff-Parkinson-White syn-
drome in pediatric patients with LVNC [22]. Other frequent
manifestations are related to thromboembolic events, such as
stroke, pulmonary embolism, and mesenteric ischemia [1-
3,8-9]. In asymptomatic patients, LVNC is identified by
echocardiography or when the patient is subjected to family
screening. However, when the disease is identified during
the fetal period, the presence of systemic diseases, such as
mitochondrial alterations and metabolic disorders, is fre-
quently reported [8].

4. GENETICS

Familial incidence is the most prevalent, accounting for
up to 50% of cases [23]. The most common pattern of ge-
netic inheritance is autosomal dominant, followed by X-
linked [24]. Evidence from genetic studies has indicated that
the main cause of LVNC is the mutation of genes encoding
sarcomeric proteins representing up to 30% of all cases [25].
Other reported mutations were in genes encoding cytoskele-
tal, Z-line, and mitochondrial proteins [26]. The most com-
mon mutations were in the myosin heavy chain 7 (MYH7),
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protein-binding protein C myosin (MYBPC3), tropomyosin
alfa (TPMI), myocardial actin (ACTCI), troponin T
(TNNT?2), and cardiac troponin I (TNNI3) genes [23, 25, 27].
Familial LVNC, when accompanied by hypertrophic or di-
lated cardiomyopathy, is typical of the MYH7 mutation [27].
All of this information is summarized below (Table 1).

Less common genetic disorders in LVNC patients in-
clude Z-band protein mutations, such as those of the cy-
pher/ZASP cytoskeleton protein, alpha-distrobrevin (DTNA)
[28], calcium transport proteins, calsequestrin (CASQ?2),
phospholamban (PLN) [23], membrane proteins (A/C lam-
ina) [29], and mitochondrial enzymes, such as tafazzin pro-
tein G 4.5 [26]. These disorders are usually transmitted
through autosomal dominant inheritance with incomplete
penetration. The exception is the mutation in the 74Z, which
shows an X-linked recessive inheritance pattern that results
in an error in the tafazzin proteins that is responsible for the
Barth syndrome [26, 30, 31]. This syndrome, characterized
by dilated cardiomyopathy or LVNC at an early age in
males, is often accompanied by neutropenia, lactic acidosis,
and lipid metabolism abnormalities [31, 32].

Some mutations are associated with specific phenotypes,
such as the pNGly482Arg mutation-bearing HCN4, associ-
ated with the bradycardia phenotype in patients with LVNC
[33]. This is because potassium/sodium hyperpolarization-
activated cyclic nucleotide-controlled channel 4 is a protein
that is encoded by the HCN4 gene in humans. There are four
HCN channels, with HCN4 being the most expressed for the
regulation of the heart rate in mammals [34, 35] and is most
associated with bradycardia [36, 37]. The role of HCN chan-
nels in autonomic heart rate control is not yet fully under-
stood.

Mutations in the isolated DMD and EMD genes seem
insufficient to cause LVNC, although they are associated
with phenotypic variations in patients with ventricular non-
compaction, such as Emery-Dreifuss muscular dystrophy
[21, 38]. The L1988R mutation in the SCN5A gene does not
alter SCN5A channel density and may or may not cause ar-
rhythmias in patients with LVNC [37].

This is an online review of the Mendelian Inheritance in
Man (OMIM). The other information is available on the
OMIM website [39].

5. DIAGNOSIS

There is no gold standard for the diagnosis of LVNC,
which should, therefore, be made based on the clinical and
morphological findings compatible with the disease. The
first step in the diagnosis of LVNC is transthoracic echocar-
diography. Other imaging examinations may also be useful
for the diagnosis or confirmation of LVNC, such as cardiac
resonance, computed tomography, and left ventriculography.

5.1. Echocardiography

Echocardiography is the main examination used to diag-
nose LVNC [17]. The morphological criteria of LVNC ana-
lyzed by transthoracic echocardiography were suggested by
Chin et al. [19], Stollberger et al. [20], Jenni et al. [40, 41]
and Paterick et al. [42]. Jenni ef al. criteria are the ones most
commonly used.
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Table1. LVNC related genes.

Location Phenotype Phex;)l:g;el:/[IM Gene/Locus Genelill;ii;:rl\/HM Mode of Inheritance
14q11.2 Left ventricular noncompaction [5] 613426 MYH7 160760 Autosomal dominant
11p11.2 Left ventricular noncompaction [10] 615396 MYBPC3 600958 Autosomal dominant
11p11.2 Left ventricular noncompaction [10] 615396 MYBPC3 600958 Autosomal dominant
15g22.2 Left ventricular noncompaction [9] 611878 TPM1 191010 —

15q14 Left ventricular noncompaction [4] 613424 ACTC1 102540 Autosomal dominant
1g32.1 Left ventricular noncompaction [6] 601494 TNNT2 191045 Autosomal dominant
Xq28 Barth syndrome 302060 G4.5,TAZ 30039 X-linked

Abbreviations: ACTCI1: actin, alpha, cardiac muscle; DTNA: dystrobrevin alpha; LVNC: left ventricular noncompaction MYBPC3: myosin-binding protein C, cardiac; MYH7:

myosin heavy chain 7; TAZ Y tafazzin; TNNT2: troponin T2; TPM1: tropomyosin 1.

Fig. (1): Echocardiographic 4-chamber image from a patient with LVNC. The color Doppler highlights perfusion of intertrabecular recesses
from the left ventricle. RV: right ventricle; LV: left ventricle; RA: right atrium; LA: left atrium. Courtesy of Paulo G.Menge M.D. (4 higher
resolution / colour version of this figure is available in the electronic copy of the article).

a). Criteria Proposed by Chin et al. [19]

A ratio between the distance from the epicardial surface
to the trabecular recess and the distance from the epicardial
surface to the trabecular peak of less 0.5 is suggestive of
LVNC. These criteria are being applied for trabeculations of
the left ventricular apex with four-chamber or subxiphoid
apical images at the end of diastole.

b). Criteria Proposed by Stollberger et al. [20]

The presence of more than three trabeculations on the left
ventricular wall with the apical location of the papillary
muscles visible in a single image plane and perfused inter-
trabecular spaces from the ventricular cavity visualized by
color Doppler imaging is suggestive of LVNC.

¢). Criteria Proposed by Jenni et al. [40]

Criteria suggestive of LVNC is based on a maximum
ratio between uncompressed and compacted myocardium
greater than 2 at the end of the systole parasternal short axis.
In addition, the middle (especially lower and lateral) and
apical ventricular segments should be involved, with evi-

dence of ventricular cavity blood flow in deep intertrabecular
recesses by color Doppler (Fig. 1) [41].

d). Criteria Proposed by Paterick et al. [42]

The ratio between the thickness of the uncompressed and
compacted myocardium should be greater than 2; the meas-
urement should be taken at the end of diastole in the trans-
verse parasternal view. The authors state that although this
criterion increases the accuracy of the myocardial thickness
measurement, more studies are required to validate this as-
sertion.

5.2. Magnetic Resonance Imaging

Cardiac magnetic resonance imaging (CMRI) is used
when the echocardiography findings are inconclusive. Echo-
cardiography does not always completely visualize the apical
region and may underestimate the degree of LVNC. Thus
CMRI has become the method of choice to confirm or rule
out LVNC. Trabeculations and recesses appear differently on
CMRI compared with echocardiography and computed to-
mography (CT). CMRI provides a good spatial resolution of
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the left ventricular segments as a whole, covering the apex
and lateral wall [43]. Quantitative criteria are fundamental
because regions of apparent noncompaction are also com-
mon in patients without cardiovascular disease [44]. The best
criterion for LVNC identification in CMRI was a ratio of the
uncompressed to compacted myocardium of >2.3 in diastole,
with 83% sensitivity and 99% specificity at diagnosis [45,
46]. Another way to diagnose this entity by CMRI is to ver-
ify whether the trabeculated left ventricular mass is more
than 20% of the total mass, with a sensitivity of 91.6% and a
specificity of 86.5% for LVNC [47].

Nuclear magnetic resonance imaging is also of particular
value for risk stratification in patients with clinically sus-
pected LVNC and is able to detect the presence of focal
myocardial fibrosis by the late myocardial enhancement
technique, usually related to ventricular arrhythmias, a lower
ejection fraction, and a worse prognosis [43, 44].

5.3. Computed Tomography

CT is an alternative method for the diagnosis of uncom-
pressed cardiomyopathy if echocardiography is inconclusive
and CMRI is inconclusive or unavailable at the unit. An un-
compressed to compacted myocardium ratio of > 2.3 at the
end of long-axis diastole is suggestive of this cardiomyopa-
thy [48].

6. LIMITATION OF DIAGNOSTIC CRITERIA

The limited specificity of echocardiographic criteria has
been observed in subsequent studies when these criteria were
applied to otherwise healthy patients and control popula-
tions, especially Afro-descendent athletes [7]. The difficulty
is also encountered in making the differential diagnosis since
LVNC is a precursor of changes which are common to other
heart diseases [49].

Comparing the three main echocardiographic criteria
[17] in a study of 199 patients and 60 healthy people in the
control group, 47 patients met at least one of the criteria;
approximately 79% of this sample met the diagnostic crite-
ria of noncompaction proposed by Chin [19], approxi-
mately 64% were diagnosed by the Jenni criteria [40], and
less than 54% met the Stollberger criteria [20]. Only about
30% of this sample completely met all three criteria, show-
ing the lack of consensus among them. Five of the 47 pa-
tients diagnosed this way were part of the control group
consisting of healthy individuals, of whom 4 were of Afri-
can descent, corresponding to 13% of the healthy subjects
of African descent [17]. In another study of 1,146 healthy
athletes, 10% of blacks and approximately 8.5% of Cauca-
sians received the diagnosis of LVNC according to the
Chin and Jenni criteria [4].

As the echocardiographic images of healthy people may
look similar to those of patients with LVNC [4, 17], there is
a growing concern regarding overdiagnosis. Thus, Garcia-
Pavia et al. [49] in an editorial proposed that the definitive
diagnosis should be based on echocardiography using the
Jenni criteria [40] and/or CMRI with the criterion of Jacquier
[47] together with at least one of the following characteris-
tics: complications related to LVNC; previously diagnosed
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family member; or a cataloged LVNC-related genetic muta-
tion [49].

Diseases that have morphological and functional altera-
tions similar to LVNC must be differentiated to ensure the
correct diagnosis [50]. The diseases and alterations that
should be highlighted due to the similarities include dilated
hypertrophic cardiomyopathies (mainly apical) and restric-
tive (including Fabry's disease); hypertensive heart disease;
endomyocardial fibrosis; aberrant tendon cords; thrombi;
fibroma; obliterating process; intramyocardial hematoma;
cardiac metastasis; intramyocardial abscess; and changes
caused by hematological disorders [50-54].

In children, it is important to differentiate LVNC from
pulmonary valve atresia with intact interventricular septum
as well as diseases that obstruct left ventricular outflow [13].
Cardiac tumors that stimulate blood vessel proliferation,
such as hemangiomas, may have the appearance of trabecu-
lations characteristic of LVNC and must, therefore, be dis-
tinguished from LNVC [54].

7. MANAGEMENT

Since there is no specific therapy for LVNC, treatment is
based on clinical presentation. The main complications of
LVNC are thromboembolic events, arrhythmias, and pro-
gressive HF. Treatment is thus centered on the prevention of
such complications.

The optimal management to prevent thromboembolic
events has yet to be fully elucidated. Some studies recom-
mend the prophylactic use of oral anticoagulants such as
warfarin for all patients diagnosed with LVNC [10, 21].
However, the use of anticoagulants is currently recom-
mended only for patients with reduced systolic function, an
ejection fraction below 40% and a history of previous
thromboembolism or atrial fibrillation [13, 55].

The indication of an implantable cardiac defibrillator
(ICD) in patients with LVNC should be based on a number
of considerations. ICD implantation for the primary preven-
tion of sudden cardiac death is indicated in patients with
LVNC and a left ventricular ejection fraction of up to 35%
and functional class II or III HF (New York Heart Associa-
tion) [46]. Patients with a history of sustained ventricular
tachycardia or who recovered from cardiac arrest require
ICD implantation for secondary prevention [44]. ICD is also
recommended for patients who have an additional risk fac-
tor, such as a family history of sudden death, nonsustained
ventricular tachycardia observed on 24-h Holter monitoring,
or a history of syncope [56]. The risk of arrhythmic events
and sudden death may be stratified by the presence of a
fragmented QRS complex on electrocardiography in patients
with LVNC, thus, also facilitating the identification of the
patients most in need of ICD [57]. The treatment of HF in
LVNC should be the same as in other etiologies. Thus, to
control systolic or diastolic dysfunction, B-blockers, angio-
tensin-converting enzyme inhibitors, angiotensin II receptor
blockers, mineralocorticoid and/or diuretic receptor antago-
nists may be used [58, 59]. If HF does not respond to these
drugs, heart transplantation, or a left ventricular assist device
(LVAD) should be considered [60-63]. The LVAD has
proved to be a successful prolonged treatment, as well as
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Table2. LVNC clinical management.
Prophylactic Oral Use ICD for Primary | Use ICD for Secondary Use ICD if there is an Treatment for HF Heart Trans-
Anticoagulant Prevention Prevention Additional Risk Factor plant or LVAD
EF <40%; history of EF <35% and NYHA History of SVT or car- Family history of sudden Same treatment for If HF is not re-
ET or AF [13, 55] 1T or III [46] diac arrest [44] death; NSVT or history other etiologies [58, sponsive to drugs
of syncope [56] 59] [60, 61, 62]

being a bridge to subsequent heart transplantation [63]. All
this information is summarized in (Table 2).

8. FAMILY APPROACH

The genetic form of LVNC is the most prevalent one
[23]. Diagnosed patients should, therefore, be monitored
along with their family members as advocated by the Heart
Failure Society of America guidelines on evaluating the ge-
netics of cardiomyopathies, considering the patient’s family
history over three generations to determine the inheritance
pattern and possibly diagnose the syndrome in family mem-
bers [64].

First-degree relatives should undergo a screening process
that is indicated from childhood or on presentation of early
signs or symptoms of LVNC. In this evaluation, the patient’s
history should be analyzed with emphasis laid on the search
for symptoms of HF, arrhythmias, presyncope and syncope,
physical examination, with attention to cardiac and skeletal
muscles, electrocardiography examinations, such as 24-h
Holter monitoring, exercise tests, 12-lead electrocardiogra-
phy, the creatine kinase MM fraction and echocardiography.
Adults with no indications after screening should be reevalu-
ated every 3 years; children up to 3 years of age should be
reevaluated annually [64].

Genetic testing may be performed, preferably for patients
with more evidence of uncompressed cardiomyopathy,
which may assist in the identification of other family mem-
bers in the early stages of this disease [64].

9. PROGNOSIS

The prognosis of uncompressed cardiomyopathy depends
on factors, such as the symptomatology, presented by the
patient and the population studied. Patients with arrhythmic
disorders, thromboembolism, and HF have higher morbidity
and mortality rates than asymptomatic patients [65]. Prob-
able outcomes for LVNC require further investigation, as
there are few studies to date, a significant proportion of
which involves samples with only a small number of cases or
a short follow-up.

In a study of patients with a mean age of 41 years evalu-
ated at approximately 3 years, asymptomatic patients had no
sudden cardiovascular complications, and only 0,86% of the
patients studied developed dilated cardiomyopathy during
this time, while the rest maintained their previous cardiac
dimensions [65]. In contrast, in symptomatic patients at di-
agnosis, the mortality and heart transplantation rates were
around 30%. Among the patients who died, approximately
75% had limited ability or inability to perform physical ac-
tivity, with a New York Heart Association functional class of
111 or >111 [65, 66].

In a group of 241 adult patients followed for 39 months, the
mortality rate was approximately 15%. Sudden death oc-
curred in about half of these patients. HF was the precursor
of death in more than 5% of patients, and only one patient
died of pulmonary embolism. Among the clinical complica-
tions, arrhythmia was the most lethal [67].

Among children with a mean age of 7 years evaluated for
up to 4 years, more than 5% underwent heart transplantation
and approximately 13% died [68], similar to the findings in
adult patients [65, 67]. The finding of arrhythmia associated
with normal dimensions and functions occurred in more than
6% of children; in half of the cases, the arrhythmia was ven-
tricular tachycardia, which is an indicator of a high risk of
sudden death.

In the prenatal diagnosis, when 106 cases were studied,
fewer than 50 survivors were identified aged at least 28
months and 18 were followed up for 2 months, during which
one-third of the patients died or underwent heart transplanta-
tion [69].

CONCLUSION

The clinical manifestations of LVNC are variable and
may range from asymptomatic presentation to severe HF or
sudden death. A thorough clinical exploration is required for
a correct diagnosis and prognostic assessment.

Although the clinical picture varies, due to several car-
diac anomalies that are triggered by or widely associated
with LVNC, the diagnosis is difficult, since no examination
is considered the gold standard in the investigation of this
heart disease. Although there are several criteria based on
echocardiography images, they are nonspecific and often
inconclusive in the vast majority of patients studied.

Despite advances in the knowledge of LVNC genetics,
treatment has barely advanced, owing to pathogenic altera-
tions, and is directed only at the control of the clinical condi-
tion.
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