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Left Ventricular Noncompaction

Time to Retire a Flawed Diagnosis
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branching network of muscular trabeculae,

formed of contractile myocytes, lines the

endocardial surfaces of human ventricles.
These dynamic structures respond to physiological
stress and ventricular remodeling, thus potentially
serving an adaptive function. The increased number,
prominence, and/or complexity of trabeculae
(“hypertrabeculation”) without an apparent cause
gained diagnostic status. Equating hypertrabecula-
tion to primary adult cardiomyopathy resulted in
misdiagnosis and long-term follow-up for ostensibly
healthy families. Individuals with incidental hyper-
trabeculation have a normal life expectancy,’ and
hypertrabeculation is not an independent predictor
of outcomes in patient groups.

Overdiagnosis has been compounded by poor ter-
minology: “isolated” hypertrabeculation has been
erroneously described as “left ventricular non-
compaction” (LVNC) or “noncompaction cardiomy-
opathy” (NCCM). Cardiomyocytes in the compact
layer of the myocardium proliferate faster than the
trabecular layer; thus, the proposed mechanism of
compaction arrest, or trabeculation reduction, during
development implies that the phenotype cannot be
acquired.” Hypertrabeculation is part of natural
variation, including reversible adaptation to exercise
or pregnancy. It is also a feature of inherited cardiac
conditions (ICCs), systolic dysfunction, hypertrophy,
conduction disorders, valve diseases, and congenital
heart disease.?

A HISTORY OF DIAGNOSTIC CONFUSION

Grant (1926) and Bellet and Gouley (1932) observed
the “remains of the sinusoids of the embryonic
heart” in congenital heart disease, and “sinusoids”
were interpreted as an isolated congenital anomaly in
a 33-year-old woman with hypertrophy and a teen-
aged diagnosis of left bundle branch block (Eng-
berding and Bender, 1984). In 1987, Boyd et al*
studied 474 hearts at autopsy, identified left ven-
tricular (LV) trabeculation in 68%, and stated, “LV
trabeculations are considered to be common variants
of the normal human heart.” LVNC was first diag-
nosed by Chin et al®° (1990) in 8 young individuals
(<23 years old), including 2 asymptomatic siblings.
On review, all but 1 (a sibling) had additional car-
diovascular abnormalities. Chin et al® erroneously
concluded that >4 trabeculae substantiated an LVNC
diagnosis because Boyd et al* counted <4 in most
hearts.

The American Heart Association designated LVNC
a primary genetic cardiomyopathy in 2006. Further
American Heart Association guidelines noted that
children with isolated LVNC had a 5-year survival of
94% (n = 35; 2019) and that anticoagulation could be
considered when LVNC is present with dilated car-
diomyopathy (2022). The European Society of Cardi-
ology described LVNC as an unclassified, familial
cardiomyopathy in 2008, but in 2023 it designated
hypertrabeculation a descriptive phenotype only. A
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2023 expert panel® agreed that the terms LVNC and
NCCM should be “discouraged”; however, >1,000
papers or abstracts have used these terms since then
(Google Scholar).

“Hypertrabeculation should be
interpreted in the context of the
individual’s ancestry, athleticism,
pregnancy history, family history of
cardiomyopathy, genetics, and
12-lead electrocardiogram.”

QUANTIFICATION OF TRABECULAR COMPLEXITY

Chin et al® derived a height-based ratio for LVNC, but
it did not address their stated diagnosis threshold,
including the count of trabeculae. In 2005, Petersen
et al” developed one of the most widely used ratios
for diagnosing LVNC by cardiac magnetic resonance
(CMR): a noncompaction/compaction ratio (NC/C)
>2.3 in diastole to define 7 “pathological LVNC” di-
agnoses from 45 control subjects and 125 patients
with other cardiac diagnoses. The LVNC diagnoses
included family history, neuromuscular disease, or
complications (systemic embolism, regional wall
motion abnormalities). On review, 4 of 7 individuals
had regional wall motion abnormalities, 2 of 7 had
unspecified electrocardiographic changes, and the
remaining individual had a family history of hyper-
trabeculation only (NC/C = 2.3). One of the LVNC-
diagnosed individuals had an NC/C of 1.1 (ie, <2.3);
Petersen et al” suggested that it was only “partial
expression of pathological non-compaction.” Popu-
lation studies (n = 1,000) have shown that up to 43%
of the population could have a diagnosis of LVNC by
these criteria.®

In 2014, Captur et al® used a non-ratio-based
method to quantify trabecular complexity: fractal
dimension (FD) analysis through box counting on
CMR short-axis cine stacks of the endocardial border.
FD is an index of how completely the object fills
space, increasing with structural complexity, and is
more accurate and reproducible than ratios.”

INSIGHTS FROM POPULATION GENETICS
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individuals with a subsequent diagnosis of cardio-
myopathy after CMR (n = 81) had hypertrabeculation
above the mean.> Relationships were identified with
conduction disorders, cardiomyopathies, heart valve
diseases, and genetic modifiers.® Genetics confirmed
that hypertrabeculation is caused by cardiomyopa-
thies and heart failure.®> There is currently no evi-
dence for disease causality through trabeculation
alone. It has been linked to reduced survival and
thromboembolic events in patients with concomitant
disease or systolic dysfunction; not more prevalent
than expected for cardiomyopathies.'®

Most genes thought to cause hypertrabeculation
have evidence for causing ICCs. The MIB1 gene (MIB
E3 ubiquitin protein ligase 1), encoding a regulator of
Notch signaling that has an established role in ICCs,
is the only gene without evidence for causing another
cardiac condition.™

IMPACT ON CLINICAL CARDIOLOGY

Over the last 25 years, LVNC diagnoses have been
made on the basis of hypertrabeculation alone. This
created unnecessary anxiety through the provision of
ongoing surveillance, deemed necessary to prevent
complications. Screening of relatives led to further
incorrect diagnoses and unnecessary use of re-
sources. Many cardiologists are now faced with the
question whether to challenge and remove historical
LVNC diagnoses. This action can have a significant
psychological impact on patients who were told that
they had a heart condition.

Is it appropriate to dismiss the presence of
hypertrabeculation, given that it is associated with
genetic predisposition and may reflect susceptibility
to cardiac conditions in a small proportion of in-
dividuals? In infants and children, a degree of
caution is needed because there are fewer etiologic
data and potential associations with rare genetic
syndromes. However, the clinical benefit of surveil-
lance in an adult with hypertrabeculation, no other
features of disease, no associated pathogenic vari-
ants, and no relevant family history is likely to be
small, with associated costs to the health care system
and a psychological impact on the patient. Prospec-
tive outcome studies are needed to support this
management strategy.

CLINICAL APPROACH TO HYPERTRABECULATION

Since 2023, FD assessment of LV trabecular
complexity in the UK Biobank showed that trabecular
morphology reflected underlying disease and ge-
netics and is part of the phenotypic spectrum of

cardiac remodeling.> We found that 25% of

We caution against a conclusion of disease solely on
the basis of hypertrabeculation. Such conclusions
from imaging should be based on diagnostic features
of cardiomyopathies (eg, wall thickness, chamber
volumes, systolic dysfunction). Hypertrabeculation
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should be interpreted in the context of the in-
dividual’s ancestry, athleticism, pregnancy history,
family history of cardiomyopathy, genetics, and
12-lead electrocardiogram. Surveillance is unlikely to
be of value without other features that raise suspi-
cion of cardiomyopathy. Individuals may be dis-
charged with advice to return if they develop
symptoms or if a first-degree relative develops car-
diomyopathy. In rare cases of extreme hyper-
trabeculation, particularly when accompanied by
other changes (eg, very thin myocardium, deep
crypts), ongoing surveillance may be appropriate.
However, in such cases, there are likely to be func-
tional abnormalities (systolic or diastolic) and other
clinical features raising suspicion of disease.

CONCLUSIONS

Hypertrabeculation is a nonspecific phenotype that
can develop as a physiological adaptation or a
genetically modifiable trait of an underlying car-
diomyopathy. Hypertrabeculation should not itself
be considered a diagnosis, and to achieve guideline
recommendations not to base management on this
trait, the labels LVNC and NCCM should no longer
be used in adults. Other features of disease should
be assessed, including cardiomyopathic phenotypes,
any known genetics, and family history. Current
evidence suggests that hypertrabeculation is not a
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causal risk factor for outcomes in adults and, in the
absence of other symptoms, has a benign risk
profile.
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