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Isolated left ventricular noncompaction (LVNC) is a genetic cardiomyopathy characterized by prominent ventricular trabeculations
and deep intertrabecular recesses, or sinusoids, in communication with the left ventricular cavity. The low prevalence of patients
with this cardiomyopathy presents a unique challenge for large, prospective trials to assess its pathogenesis, management, and
outcomes. In this paper we review the embryology and genetics of LVNC, the diagnostic approach, and propose a management
approach based on the current literature available.

1. Introduction

Isolated left ventricular noncompaction (LVNC) is a genetic
cardiomyopathy characterized by prominent ventricular tra-
beculations and deep intertrabecular recesses, or sinusoids, in
communication with the left ventricular cavity [1]. The clin-
ical sequelae of these deformities are the syndrome of heart
failure and the risk for arrhythmias and stroke. Dusek first
described the postnatal persistence of spongy myocardium
in 1975 pathologically, but Engberding and Bender made
the first clinical recognition with two-dimensional (2D)
echocardiography in 1984 [2, 3]. Three decades later, with
only morphologic assessment available and no definitive
genetic pathway, isolated left ventricular noncompaction
(LVNC) remains a diagnostic and management challenge. In
this review, we wish to define a unified process for diagnosis
and suggest a management approach with special attention
to guidance for anticoagulation and prevention of sudden
cardiac death (SCD).

2. Embryology

The pathologic theory of LVNC is the failure of compaction
during fetal development. Cardiomyocytes form a tube in

the midline of the embryo from the mesodermal primordia
and differentiate into myocardium based on multiple genetic
factors, including positive and negative gene regulators [4].
Ventricular myocardial trabeculations are evident in the
human heart by the end of the first trimester and occur as
protrusions from the endocardial layer. The trabeculations
allow for a greater surface to volume ratio and increas-
ing muscle mass before the establishment of the coronary
arteries. The next step includes compaction of the trabec-
ular layers. This begins in the human embryo by 10 to 12
weeks and by the fourth month of gestation the compacted
myocardium composes the majority of the ventricular vol-
ume [4, 5]. Compaction continues into the postnatal period
with continued growth and increasing systemic pressures.
The final process is development of the spiral pattern of the
myocardial fibers, which is responsible for the twisting nature
of contraction. Without the completion of compaction, there
is myocardial dysfunction secondary to the failure of the
efficient rotational ventricular system to develop for con-
tractile performance. This concept has been demonstrated
by abnormal speckle tracking and is further discussed later
[6].
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Table 1: Echocardiographic diagnostic criteria.

Criteria Chin Jenni Stöllberger

Description

(i) Prominent trabeculations with deep
recesses
(ii) Decrease in ratio fromMV level to
papillary muscle level of the distance
from the epicardium to the trough of the
trabeculations (𝑋) to the epicardium to
the peak of the trabeculations (𝑌)
(iii) Increasing LV wall thickness from
base to apex

(i) Bilayered myocardium with
multiple, prominent trabeculations in
end-systole
(ii) NC/C ratio of >2 : 1
(iii) Communication with the
intertrabecular space demonstrated
with color Doppler
(iv) Absence of coexisting cardiac
abnormalities

(i) Two-layer myocardium in which
the noncompacted layer is thicker
than the compacted myocardium
(ii) >3 prominent trabeculations
protruding from the LV wall apical
to the papillary muscles
(iii) Perfused intertrabecular spaces

Phase End-diastole End-systole N/A

3. Genetics

There aremultiple genetic proposals for the phenotypic devel-
opment of noncompaction [1, 7–12]. None of them have been
consistently identified to be the single gene abnormality caus-
ing LVNC, but they are briefly included here for completeness
(see the list below) [7]. It is established that a thorough, three-
generational family history should be obtained for evaluation
of genetic influence, which may also impact the screening of
additional family members [1, 7, 8, 10]. A systematic review
by Bhatia et al. identified a familial occurrence rate of 30%
in family members that were screened based on an index
case [13]. Oechslin and Jenni have proposed an acquired
pathogenesis in patients with prior normal cardiac structure
and function that develop LVNC later in life. This supports
the hypothesis that LVNCmay represent a morphologic con-
tinuum of genetic cardiomyopathies, including dilated and
hypertrophic cardiomyopathies [14]. Sporadic occurrence is
thought to account for up to 60–70% of the cases [12].
In addition, LVNC has association with Barth syndrome,
mitochondrial disorders, and myotonic dystrophy [7].

Genes Identified. The identified genes are as follows:

Fbkp1a/Notch pathway.
G4.5 gene/TAZ protein.
14-3-3 deletion.
ZASP protein.
TNNT2 protein.
MYH7 protein.
TPM1 protein.
MYBPC3 protein.
ACTC1 protein.

The Heart Rhythm Society states that genetic testing is
recommended (Class I) for relatives and appropriate family
members when a mutation-specific gene has been identified
in the index case [12]. The molecular genetics of inherited
cardiomyopathies have been reviewed and the evidence to
support routine genetic testing in all patients diagnosed with
LVNC is not available [11, 12]. The current genes available for
testing are variants of established dilated cardiomyopathy and
hypertrophic cardiomyopathy genes [11].

4. Diagnostic Approach

There is much debate regarding the diagnostic criteria for
LVNC and the predilection for overdiagnosis. One case
report expresses the importance of not making the diagnosis
of LVNC based purely on visualized estimate on echocardio-
graphy. It is important to consider the entire diagnostic crite-
rion as described in this section to avoid overdiagnosis [15].
In this case report, a patient was diagnosed with LVNC based
on prominent trabeculations and intertrabecular recesses,
but there was a better explanation for the cardiomyopathy
based on the patient’s history, and acute myocarditis was
confirmed with cardiac magnetic resonance imaging (CMR)
and myocardial biopsy.

We will review the current diagnostic criteria available
for two-dimensional echocardiography, cardiac magnetic
resonance imaging (CMR), and computed tomography (CT)
imaging. Multiple modalities may be required for complete
assessment.

4.1. Two-Dimensional Echocardiography. The traditional di-
agnostic study for evaluation of LVNC is echocardiography
[1, 16–19]. It is still themost common initial test that identifies
the characteristic findings of LVNC and may lead to further
evaluation. There are three proposed diagnostic criteria
that are most utilized in the literature. These criteria are
summarized in Table 1. Chin et al. are credited with the first
attempt at defining specific criteria for the diagnosis of LVNC
[20]. The evaluation includes left ventricular (LV) free-wall
thickness at end-diastole, prominent trabeculations, and a
progressive decrease in the ratio ofmyocardial thickness from
the epicardial surface to the trough (𝑋) and the epicardial
surface to the peak (𝑌) of the trabeculations in the PSAX and
apical views. Stöllberger and Finsterer refined the definition
as>3 trabeculations protruding from the LVwall apical to the
papillarymuscles, perfused intertrabecular spaces, and a two-
layered myocardium with the noncompacted layer usually
thicker than the compacted myocardium in end-systole [21].
We feel that the Stöllberger criteria alone may lead to the
overdiagnosis of LVNC because the inclusion criteria are less
detailed than other criteria and they were largely extrapolated
from a large postmortem study. Subsequent recent studies
have used the Jenni criteria to evaluate the presence of
LVNC [13, 16].These criteria include a bilayeredmyocardium,
a noncompacted to compacted ratio >2 : 1, communication
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with the intertrabecular space demonstrated by Doppler,
absence of coexisting cardiac abnormalities, and presence of
multiple prominent trabeculations in end-systole [22].

Many articles have attempted to narrow the evaluation
of LVNC to either end-systole or end-diastole, but a recent
refinement of the echographic criteria by Stöllberger et al.
stressed the importance of including both in consideration
of the diagnosis [17]. In their study, three experts with more
than 17 years of experience with LVNC reviewed a total
of 115 echocardiograms that were proposed for inclusion in
a registry. There diagnostic criteria were as follows: (1) >3
prominent trabecular formations along the left ventricular
endocardial border, which are visible in end-diastole, distinct
from papillary muscles, false tendons, or aberrant bands,
(2) trabeculations move synchronously with the compacted
myocardium, (3) trabeculations form the noncompacted part
of the two-layer myocardial structure, best visible at end-
systole, and (4) perfusion of the intertrabecular spaces from
the ventricular cavity is present at end-diastole on color-
Doppler echocardiography or contrast echocardiography.
They excluded 11 patients based on their review. All experts
agreed that measurement of the myocardial layers is not
feasible due to the lack of uniformly accepted standards
for measurements. Paterick et al. suggest measuring the
myocardial layers in end-diastole based on the American
Society of Echocardiography Guidelines for Chamber Quan-
tification, which suggests wall thickness be measured in
end-diastole [23]. They suggest the images for evaluation
focus on nontangential short-axis views of the LV apex with
special attention to the apicolateral wall. We agree on using
criteria that consider both end-systolic and end-diastolic
parameters, but validation of this criterion is still needed.
The reproducibility of the current criteria has been tested in
a small case-control study in which two echocardiography
observers were blinded to the index diagnosis and reviewed
104 studies of patients with LVNC. They were in agreement
with the initial diagnosis of LVNC only 67% of the time [18].

There have been recent evaluations using speckle track-
ing echocardiography and real-time 3-dimensional imaging
(RT3DE) [24]. Speckle tracking is able to identify the abnor-
mal ventricular mechanics by demonstrating that the basal
and apical rotations are in the same direction. Real-time 3DE
is useful for evaluation of LV function and quantification
of trabeculations. The number of trabeculations and LV
mass has been underestimated using 2-dimensional imaging
when compared to RT3DE. In a study comparing 60 patients
with LVNC to age-matched controls, rigid body rotation
was identified in 32 of the 60 patients with LVNC [6]. This
was significantly more than the normal controls and the 28
patients with normal rotation still had significantly less twist
than the control patients. The patients with LVNC and rigid
body rotation had worse NYHA functional status as well.
The studies using both of these modalities are limited so
their incorporation into the diagnosis is unclear at this time
but may be considered for guidance when the diagnosis is
unclear.

There are some disadvantages when using echocardio-
graphy for the assessment of LVNC. These include the
inaccuracy of off-axis or oblique image planes and the

challenges of evaluating the apex. These are overcome with
skilled sonographers obtaining standard chamber views and
the addition of contrast when the apex is not will visualized.

4.2. Cardiac Magnetic Resonance Imaging (CMR). The high
resolution imaging of cardiacmagnetic resonance (CMR) has
allowed improvement in differentiating the noncompacted
and compacted myocardium. Key features of CMR in addi-
tion to the spatial resolution are the ability to image the
apex well and the use of late gadolinium enhancement for
the evaluation of fibrosis. A study of magnetic resonance
imaging demonstrated that there are age- and sex-related
differences in trabeculated and compacted myocardium of
120 normal volunteers that must be taken into consideration
when making the diagnosis of LVNC [25]. They found
that there is an increase in the compacted layer after the
fourth decade, but a decrease in the trabecular layer. Kawel
et al. analyzed the MRI findings of the 1000 participants
of the Multiethnic Study of Atherosclerosis (MESA). They
found that 43% of the patients without cardiac disease or
hypertension had at least one of eight regions evaluated with
trabeculated to compacted myocardial ratio >2.3 [26].

In 2005, Petersen et al. compared the noncompacted
to compacted layers of myocardium on CMR of healthy
volunteers and patients with hypertrophic cardiomyopathy,
dilated cardiomyopathy, hypertensive heart disease, and aor-
tic stenosis and patients previously diagnosed with LVNC
based on other findings [27]. They found that pathological
noncompaction had a NC/C >2.3 in end-diastole and that
the specificity and negative predictive values were both 99%.
Later in 2010, Jacquier et al. proposed that the trabeculated
mass be taken into consideration when they found that the
percentage of trabeculated mass was three times higher in
patients with LVNC compared to other groups including
controls [28]. LV trabecular mass >20% of the global mass
predicted the diagnosis of LVNC with a sensitivity and
specificity of 93.7%. An example of these findings is shown in
Figure 1.The advantage of this later method is not depending
on the evaluation of specific myocardial segments, but rather
the entiremass.Thepatients in this study populationwere not
provided in detail with demographic data and they note one
limitation as needing to validate this method in other ethnic
groups.

Dodd et al. performed a blinded, retrospective CMR
review of patients with LVNC and control subjects to com-
pare the extent and severity of noncompaction and the degree
of late gadolinium enhancement (LGE) between the groups
[29]. They found that the degree of delayed enhancement
correlated significantly with the ejection fraction (EF). They
also found that the severity of the delayed enhancement dif-
fered amongpatientswithmild,moderate, and severe disease.
This is supported in a study of patients with cardiomyopathy
and progressive LV dysfunction, which correlated with a
larger extent of LGE [30]. A case correspondence by Chaowu
et al. correlated the late gadolinium enhancement on CMR
with histopathological evidence of fibrosis in a 27-year-old
patient with LVNC that underwent cardiac transplant [31].
In contrast to these findings, one study reviewed the CMR
of 47 patients diagnosed with LVNC and found that the
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Figure 1: Cardiac magnetic resonance imaging (CMR) of a 38-year-
old male that presented with a new cardiomyopathy and congestive
heart failure. Note the prominent apical trabeculations compared to
the compacted myocardium. Cardiac catheterization demonstrated
no angiographic coronary disease and LVNC was the most likely
diagnosis.

characteristics of LGE were heterogeneous [32]. Despite the
nonspecific findings in the later study, the degree of LGE
is significant because it is associated with the degree of
LV reverse remodeling and LV dysfunction in patients with
nonischemic cardiomyopathy [33].

Disadvantages of this modality include the availability of
MRI and the time to complete the exam and required breath
holding that pose challenges to the patients. There is also an
inability to image patients with some devices/implants. We
feel that CMR should play a major role in the evaluation of
patients with LVNC when (1) the diagnosis by echocardio-
gram is not confirmed; (2) a good quality echocardiogram
cannot be obtained; and/or (3) the degree of fibrosis may help
delineate the severity of disease.

4.3. Cardiac Computed Tomography. There have been case
reports in the literature that identify the diagnosis of LVNC
by cardiac computed tomography (CT) [34]. The spatial
resolution for identification of LVNC is good with cardiac
CT [34, 35]. CT imaging also allows for visualization of
the coronary arteries and great vessels. There are studies
demonstrating the high specificity and negative predictive
value for exclusion of CAD [36]. An advantage of using CT
is the capability to evaluate the presence of both CAD and
LVNC in patient with new heart failure and low likelihood of
CAD.Thedisadvantages of CT imaging are the high radiation
exposure and reactions to the contrast dye, including renal
failure.The standard use of cardiac CT in evaluation of LVNC
is not yet established.

5. Management

Management of patients with LVNC is complicated because
prospective studies of large cohorts do not exist. There
is limited data prospectively assessing specific agents for

long-term outcomes in LVNC. Beta-blocker therapy was
evaluated in a small, retrospective study of patients with
LVNC in which the LV mass was reduced on beta-blocker
therapy compared to the patients that were not on beta-
blocker therapy at approximately one-year follow-up [37]. All
patients had reduced ejection fractions at baseline, which did
not show significant improvement. In general, medications
for LVNC should include evidence-based, guideline directed
medical therapy for patients with cardiomyopathy [38]. The
standard of care for patients with dilated cardiomyopathy has
been extrapolated to LVNC patients with reduced ejection
fraction, but there are a few management issues that are
unique to LVNC patients, including anticoagulation and
primary prevention of sudden cardiac death (SCD).

5.1. Anticoagulation. The event rate of stroke in patients with
LVNC is 1-2% per year or a total risk thromboembolism
of 21–38% [39, 40]. In a review of 144 patients diagnosed
with LVNC, 22 patients experienced stroke or embolism
[40]. Sixty-four percent of these patients had reduced left
ventricular function evaluated by echocardiogram, which
suggests a higher risk of embolism in these patients. It is not
clarified in the paper what is the percentage of patients with
reduced EF who also had atrial fibrillation (AF), but 27% of
the patients with an event also had AF.This identifies patients
with reduced EF and AF as being at higher risk for stroke or
embolism. Stöllberger et al. analyzed the risk of embolism or
stroke in LVNC patients using the CHADS

2
/CHADS

2
-Vasc

scores [41].They found in their retrospective analysis that the
patients with LVNC and a history of stroke or embolism had
significantly higher CHADS

2
/CHADS

2
-Vasc scores. These

patients also had a higher occurrence of atrial fibrillation, but
it was not statistically significant. The CHADS

2
/CHADS

2
-

Vasc score may play a role in decision-making regarding oral
anticoagulation for patients with LVNC.Oral anticoagulation
should be used when a definite left ventricular clot has
been identified on imaging or the patient has documented
atrial fibrillation. For the patients that do not fall into either
of these categories, we suggest a risk assessment using the
CHADS

2
/CHADS

2
-Vasc scores as guidance and a discussion

with the patient regarding the risks and benefits of anticoag-
ulation.

5.2. Primary Prevention of Sudden Cardiac Death. One of the
greatest challenges of managing LVNC patients is whether or
not an internal cardiac defibrillator (ICD) should be placed
for primary prevention. Many patients with LVNC present
with reduced left ventricular function, but the guidelines for
patients with decreased LV function excluded patients with
LVNC. In 2011, Caliskan et al. evaluated the indications and
outcomes in patients with LVNC [42].They concluded that it
is appropriate to apply the current guidelines for implantation
of ICD for primary or secondary prevention to patients
with LVNC. The challenge is that, as previously mentioned,
CMR imaging has identified late gadolinium enhancement
in patients with LVNC and histopathologic confirmation of
fibrosis has been performed. In the situation of normal left
ventricular function with fibrosis identified on CMR the
question is whether or not to place an ICD. In the previously
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mentioned study they required an additional risk factor for
ICD implantation in patients with reduced ejection fraction
(EF) and no clinical heart failure. They were family history
of SCD, nonsustained VT (NSVT) on Holter monitoring,
and/or self-reported history of syncope. Interestingly, 8% of
the patients that received the ICD in the primary prevention
group had NSVT on Holter monitoring compared to 7% of
patients that received an ICD for secondary prevention of
ventricular arrhythmias. This may suggest a role for applying
Holter monitoring to patients with normal ejection fractions
to assess the risk for SCD. One case report identified a 63-
year woman with atrial tachycardia and monomorphic VT
during exercise testing for evaluation of chest pain and CMR
testing revealed the diagnosis of LVNC [43]. Her nuclear
perfusion imaging was normal and her echocardiogram
revealed only borderline left ventricular enlargement with
normal left ventricular function.This supports the theory that
these patients are at higher risk for SCD even with normal
EF.

6. Summary

The overwhelming theme upon review of the current litera-
ture is that the exact method for diagnosis is still in progress,
but what is clear is that the mortality of patients identified
with LVNC is significant. Patients have a high incidence
of NYHA III-IV heart failure, sudden cardiac death, and
transplant [44–46]. It is important to take a comprehensive
approach to evaluation and not rely on a single diagnostic
study or parameter.

The initial study of choice remains echocardiography.
Based on the current literature, we recommend the use of
the Jenni criteria with consideration of both the end-diastolic
and end-systolic myocardial layer thickness. As mentioned
earlier, the Jenni criteria include a bilayered myocardium,
a noncompacted to compacted ratio >2 : 1, communica-
tion with the intertrabecular space demonstrated by color
Doppler, absence of coexisting cardiac abnormalities, and
the presence of multiple prominent trabeculations in end-
systole [22]. If the diagnosis is indeterminate based on the
echocardiogram, then additional imaging modalities should
be performed. Contrast echocardiography may be applied
to further define the trabeculations and endocardium for
accurate measurement of the myocardial layers. If more
information is needed, then a CMR may be the reasonable
next test. This will also allow for the assessment of fibrosis. If
the patient is young with minimal risk for CAD and cardiac
catheterization is being considered in evaluation of a new
cardiomyopathy, then cardiac CT is reasonable.

Once the diagnosis has been made, then the next step is
to define management goals based on the ejection fraction
and degree of symptoms. If the patient meets the criteria for
ICD based on reduced EF, then it is reasonable to proceed
with this intervention [47]. If the patient has a normal EF, but
a history of syncope, nonsustained ventricular tachycardia,
or a family history of sudden cardiac death (SCD), then the
clinician should review the risks and benefits of ICD therapy
with the patient as an option formanagement. It is reasonable
to take into consideration the degree of late gadolinium

enhancement on MRI if this is known. For patients with
reduced EF, there is evidence for the use of anticoagulation
based on risk assessment with the CHADS

2
-Vasc score. If the

patient has a normal EF without atrial fibrillation or visible
clot, then the benefit of anticoagulation has not yet been
demonstrated.

As we increase recognition and further define this car-
diomyopathy it will allow for additional prospective studies
to improve management and outcomes of this population.
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