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Abstract

Left ventricular hypertrabeculation (LVHT), previously referred to as left ventricular non-compaction (LVNC), has experienced fluctu-
ating recognition in cardiology. Once defined as a primary genetic cardiomyopathy, this intriguing myocardial feature is now considered
a “trait” in the most recent guidelines. However, the understanding of this phenomenon remains incomplete. Moreover, data on the
association between this feature and other syndromes are inconclusive, and further advances in understanding the associated molecular

mechanisms and genetic background are needed. A systematic collection of clinical data is essential to avoid both over- and under-

diagnosis, thereby reducing current uncertainties in LVHT management. This review examines the diagnostic, pathophysiological, and

management aspects of LVHT, highlighting the challenging nature of this feature and proposing a practical approach for clinicians.
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1. Introduction

Left ventricular hypertrabeculation (LVHT), also re-
ferred to as left ventricular non-compaction (LVNC) or non-
compaction cardiomyopathy (NCC), has undergone shift-
ing interpretations over the past 70 years. This condition
was first recognized as a rare ventricular finding during
necroscopies, and later gained attention within the cardiol-
ogy community with the widespread use of echocardiogra-
phy in the 1980s. As reports of LVHT increased, the molec-
ular basis, genetic background, and clinical implications as-
sociated with the condition began to be explored. Mean-
while, conflicting evidence regarding associated complica-
tions, as well as the common overlap with other cardiomy-
opathies, non-cardiac syndromes, and transient conditions,
recently led the European Society of Cardiology (ESC) to
“downgrade” LVNC to a descriptive phenotype of ventric-
ular myocardial appearance. Meanwhile, the ESC also sug-
gested avoiding the term “LVNC” in favor of “hypertrabec-
ulation.” In this context, we reviewed the historical evolu-
tion of LVHT and the associated complications to provide a
balanced perspective and a practical management approach
on this entity, which continues to attract significant inter-
est within the cardiology community owing to the elusive
nature of the condition.

2. Origins of “LVHT”

The presence of ventricular muscular bands within the
ventricular cavities has been reported since the mid-1970s

[1]; however, the first comprehensive anatomical classifi-
cation, based on necropsy samples, was proposed in 1987
by Boyd et al. [2]. The study aimed to characterize ventric-
ular trabeculations, which were increasingly recognized in
the early era of echocardiography. In 474 dissected hearts
from individuals who died of non-cardiac causes across all
age groups, Boyd ef al. [2] identified 323 cases (68%) of
“prominent trabeculation.” This entity was defined as a dis-
crete muscle bundle measuring more than 2 mm in diameter
and projecting from the background of the left ventricular
endocardium. A slightly higher prevalence of prominent
trabeculations was observed in males than in females (72%
vs. 65%), with no age-related differences. Regarding tra-
becular location, 85% originated from the left ventricular
wall (LVW) and extended toward the ventricular septum
(VS), although muscular bundles connecting two different
points of the VS or LVW were also observed. Most trabec-
ulations were oriented from the apex to the mid-segment,
with lengths ranging from 2 to 4 cm and diameters of ap-
proximately 0.5 cm [2]. In a smaller sample of pathological
hearts, Keren ef al. [3] observed “aberrant bands” and hy-
pertrophic trabeculations in 37% and 43% of left ventricles
(LVs) and right ventricles (RVs), respectively. However,
more than three trabeculae were rarely present in Boyd’s
population of normal hearts [2]; therefore, the presence
of more than three trabeculae came to be regarded as the
threshold for abnormality.

As echocardiography entered clinical practice, ven-
tricular trabeculae became increasingly detectable by
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LVHT reports |

From early observations to recent insights

1984

Feasibility and usefulness of
echocardiography in trabeculae
evaluation (Keren et al)

1990

(Chin et al.)

1987

Prominent trabeculation
systematization in necropsies.
> 3 trabeculations = abnormal.

(Boyd et al)

First echocardiographic diagnostic
criteria criteria for LVHT

Association between TAZ gene
mutations and LVHT development in
Barths Syndrome (Ichida et al.)

2002

.Evaluation of Cardiac and extra
cardiac associated features in LVNC:
strong association with NMDs
(Stéllberger et al.)

2001 2006

AHA classifies LVNC as a primary
genetic cardiomyopathy.

Fig. 1. Timelines of reports I. LVHT, left ventricular hypertrabeculation; LVNC, left ventricular non-compaction; NMDs, neuromuscular

disorders; AHA, American Heart Association.

transthoracic echocardiography (TTE), aiding in the differ-
ential diagnosis of ventricular thrombi [2,4]. Consequently,
TTE became the primary tool for identifying trabeculae.
Therefore, considerable effort was made to establish a
common terminology for describing this trait (Figs. 1,2).

3. The Evolution of Diagnostic Criteria

Following the report by Boyd ef al. [2], the presence
of more than three trabeculations in the LV has been consid-
ered sufficient for the diagnosis of hypertrabeculation [5,6].
In the late 1980s, the echocardiographic era began, and the
first attempt to systematize LVHT diagnostic criteria via
ETT was reported [5]. In a small sample of young patients,
Chin et al. [5] proposed diagnostic criteria based on the
presence of excessively prominent trabeculations with deep
intertrabecular recesses as the key element, together with a
decreasing X/Y ratio from the base to the apex of the LV.
The X/Y ratio was defined as the distance from the epicar-
dial surface to the trough of trabeculation (X) divided by the
distance from the epicardial surface to the peak of trabecu-
lation (Y). Measurements were taken at end-diastole using
both the parasternal long-axis and four-chamber views (Ta-
ble 1) [5,7,8,9,10,11].

Using a sample of equivalent size, Jenni et al. [7] pro-
posed alternative diagnostic criteria in 2001. The study by
Jenni ef al. [7] examined evidence of a two-layer struc-
ture in the hypertrabeculated segments, comprising a com-
pact epicardial layer and an endocardial layer with a promi-

nent trabecular meshwork and deep intertrabecular spaces.
This feature was reported to be best visualized in systole,
and color Doppler showed typical forward and reversed
blood flow within the trabeculations of the ventricular cav-
ity in LVHT cases [7]. By measuring the maximal non-
compaction/compaction (NC/C) ratio, the authors found
that an end-systolic NC/C ratio >2 was diagnostic of LVHT,
thereby allowing unambiguous differentiation from other
conditions such as dilated cardiomyopathy (DCM) and left
ventricular hypertrophy (LVH) [7]. Non-compaction zones
were most frequently observed in the mid-lateral wall, the
apex, and the mid-inferior wall, as confirmed by histopatho-
logical examination and consistent with previous reports
[2]. As the use of cardiac magnetic resonance (CMR)
imaging expanded, the authors suggested that other imag-
ing modalities might have been helpful; however, at that
time, no CMR diagnostic criteria for LVHT were available
[7]. Consequently, “Jenni’s criteria” entered clinical prac-
tice and were considered the main ETT criteria in several
LVHT studies [12] (Fig. 3).

In 2013, Stollberger et al. [8] proposed new ETT crite-
ria for LVHT. These criteria included the presence of more
than three distinct and prominent trabeculations along the
endocardial border, moving synchronously and forming the
non-compacted layer of a two-layered myocardial structure,
best visualized at end-systole [8]. In addition, the demon-
stration of perfusion of the intertrabecular recesses from
the ventricular cavity at end-diastole, assessed by color
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From early observations to recent insights

2008

Oversensitivity of
LVNC criteria in Black
population, specific
criteria advocated.
(Kholi et al.)

2018

One third found to have
mutations in cardiomyopathy-
related genes in a cohort of
31 unrelated LVHT
(Van Waning et al.)

2014

De novo and reversible LVHT
features in pregnant women
(Gati et al.)

Survival reduction in a 339 LVHT cohort

LVEF = 50% and limited LVHT subgroup

2021

19%, 3.1% and 15% of HF,
Thromboembolic events and VTs
respectively in a population of 500

2021 2024

2024 COCIS defines
LVHT at low risk:
no symptoms, no SCD
FH, no arrhythmias, no
EF < 45% (ex. red. <15%)
no LGE at CMR

compared to an age and sex matched
population.

shows no difference
(Vaidya et al.)

2023

2023 ESC Cardiomyopathies
Guidelines “downgrade
LVNC” to a “trait”

LVHT patients. (FU = 5.1 years)
(Casas et al.)

Fig. 2. Timelines of reports II. LVEF, left ventricular ejection fraction, SCD, sudden cardiac death; FH, family history; LGE, late

gadolinium enhancement; CMR, cardiac magnetic resonance; COCIS, Competitive Sport Eligibility in Athletes with Heart Disease; HF,

heart failure; ESC, European Society of Cardiology; VTs, ventricular tachycardias; EF, ejection fraction.

Table 1. Imaging criteria.

Author (Year)  Modality Diagnostic criterion Threshold/description Population

Chin et al. Echocardiography X:Y: the ratio of compacted (X) to non- X/Y <0.5 (non-compacted LVHT with facial dysmor-

(1990) [5] compacted (Y) myocardium at end-diastole ~ >2x compacted) phisms and familial recur-
rence

Jenni et al. Echocardiography A two-layered myocardium with perfused in- NC/C ratio >2.1 at end- Isolated LVHT

(2001) [7] ter trabecular recesses systole

Stollberger et Echocardiography >3 trabeculations not connected to the papil- Visible in one plane, both Unspecified

al. (2013) [8] lary muscles systole and diastole

Petersen et al. Cardiac MRI NC/C ratio on short-axis cine MRI at end- NCC >2.3 LVHT + FH of LVHT

(2005) [9] diastole or NMDs or WMAs, or
thromboembolic events

Jacquier et al. Cardiac MRI Non-compacted mass as % of total LV mass ~ NC mass >20% Jenni’s criteria fulfilment

(2010) [10] or borderline criteria + FH

Captur et al. Cardiac MRI Trabeculae FD analysis FD>1.3 LVHT + FH of LVHT

(2013) [11]

or NMDs or WMAs, or
thromboembolic events

NC/C, non-compaction/compaction ratio, WMAs, wall motion abnormalities; MRI, magnetic resonance imaging; FD, fractal dimension.

Doppler or contrast ETT, was introduced as a fourth cri-
terion.

Since standardized measurements of the NC/C ratio
were lacking, the authors chose not to consider this metric
as reliable [8]. Unfortunately, this consensus of Austrian—
German experts did not report the sensitivity or specificity
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of the proposed LVHT criteria [8]. However, the authors
raised important questions, asking whether the number of
trabeculations was truly essential for diagnosing LVHT or
whether simply identifying a two-layered myocardial struc-
ture might be sufficient. Given the uncertainty regarding
the number of trabeculae visualized on TTE, the authors


https://www.imrpress.com

Fig. 3. LVHT appearance in a TTE 4 chamber.

stated that applying the historical “>3 trabeculations” cutoff
for LVHT [2] might not be appropriate in the TTE setting.
Conversely, using recognition of a two-layered structure as
the sole criterion may lead to overdiagnosis [8].

In 2005, Petersen et al. [9] proposed the first CMR
criteria for diagnosing LVHT (Fig. 4).

The authors compared a small sample of LVHT cases
with healthy volunteers, athletes, patients with hypertrophic
cardiomyopathy (HCM), dilated cardiomyopathy (DCM),
hypertension-related LVH, and aortic stenosis. Preferen-
tial hypertrabeculation zones were similar to those reported
previously [7], and a greater number of these zones was
observed in the LVHT group [9]. Specifically, the end-
diastolic NC/C ratio measured in the short-axis view was
60% higher in the LVHT group, and the receiver operat-
ing characteristic (ROC) curve analysis identified an end-
diastolic NC/C ratio >2.3 as the most useful cutoff for dis-
tinguishing LVHT from the other groups, with a sensitiv-
ity of 86% and a specificity of 99%. The positive predic-
tive value (PPV) and negative predictive value (NPV) were
75% and 99%, respectively. Petersen’s work has several
limitations. First, the sample size was small, and the high
sensitivity of CMR for trabecular detection was not com-

parable to that of previous TTE-based studies. Addition-
ally, patients with LVHT were enrolled only if the patient
had “supportive criteria,” such as an LVHT pattern in first-
degree relatives, an association with neuromuscular disor-
ders (NMDs), or complications, such as systemic emboliza-
tion or wall motion abnormalities (WMASs) [9]; thus, the
patient did not represent an isolated LVHT population.

Jacquier’s CMR criteria for LVHT proposed a novel
approach [10]. To move away from pathology-based and
TTE-derived criteria, the authors focused on trabeculated
versus compacted mass and the associated quantification as
apossible tool to differentiate LVHT from DCM, HCM, and
healthy controls [10]. In the LVHT group, which mostly
fulfilled Jenni’s criteria, the trabeculated mass was three
times higher, whereas this feature did not change signifi-
cantly in other groups. ROC analysis showed that a tra-
beculated mass threshold >20% was associated with LVHT,
with specificity and sensitivity of 93.7% each [10].

Using a smart and sophisticated technique, Captur et
al. [11] proposed new CMR diagnostic criteria in 2013.
Given the complexity of the endocardial border, the au-
thors chose to quantify this feature as a continuous variable
to reduce the subjectivity associated with previous criteria.

&% IMR Press
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Fig. 4. Steady-State Free Precession cine-CMR images of an LVHT case.

The study applied fractal analysis to the endocardial border
structure, as previously proposed for other biological ap-
plications [13]. This method measures how completely a
complex structure fills space, yielding a dimensionless in-
dex (fractal dimension (FD)) that ranges from 1 to 2 for the
endocardial border [11]. A total of 35 LVHT patients who
met Jenni’s criteria and had an additional risk factor were
compared with 75 healthy Caucasians and 30 healthy Black
individuals. Measurements were obtained in the short axis
at end-diastole, and a higher LV FD was observed in the
LVHT group than in the other groups, particularly in the
apical segments; FD values were higher in Black individ-
uals than in Caucasians. The ROC analysis identified the
optimal diagnostic FD thresholds of 1.26 for global LV FD
and 1.30 for maximal apical FD, both achieving 100% sen-
sitivity and specificity [11].

In the same year, Stacey et al. [14] compared sys-
tolic and diastolic methods for assessing isolated non-
compaction using CMR. To evaluate the NC/C ratio, the
authors focused on the largest NC/C ratio measured in end-
diastole and end-systole using the apical short-axis views
located 16 to 24 mm from the true apical slice, thereby
preventing overestimation of trabeculation that may result
from a more apical analysis [14]. The authors found that
end-systolic measurements were feasible, and that an end-
systolic NC/C ratio >2 showed the strongest correlation
with heart failure (HF) and clinical events [14].

Currently, several diagnostic methods are proposed
by the ESC and the European Association of Cardiovascu-
lar Imaging (EACVI) [15]. Jenni’s, Petersen’s, Jacquier’s,
Stacey’s, and Captur’s criteria are standard tools to con-
sider when an LVHT diagnosis must be ruled in or ruled
out. Since the diagnosis cannot rely exclusively on imag-
ing findings, the ESC/EACVI recommends assessing the
pre-test probability, the presence of other cardiomyopathy
features, and any history of neuromuscular or developmen-
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tal anomalies to improve the diagnostic yield of echocar-
diographic (echo) or CMR findings [15].

This final remark highlights the intrinsic limitations of
these criteria (Table 1).

The main issue with these classifications is the pop-
ulation used to develop the proposed criteria. In Chin et
al. [5], three of eight patients were reported to have facial
dysmorphism, and 50% had familial recurrence of LVHT.
Jenni et al. [7] focused on isolated LVHT, defined as the
absence of other cardiac anomalies, whereas Stollberger et
al. [8] reported no clinical features in their population. The
criteria proposed by Petersen ef al. [9] were based on only
seven LVHT patients, who also had to demonstrate addi-
tional features for enrollment, such as a family history of
the same trait, associated NMDs, or complications such as
thromboembolic events or WMASs; the same additional fea-
tures were also considered by Captur ef al. [11]. Jacquier
et al. [10] focused on 16 LVHT patients, 12 of whom ful-
filled Jenni’s criteria, while four were included based on
borderline criteria and a positive family history of the same
trait. Consequently, the conflict among these criteria is dif-
ficult to resolve, and the applicability of these criteria in
clinical practice has been disputed [16,17]. In light of the
current scientific focus on distinguishing pathological from
physiological degrees of ventricular trabeculation, these se-
lection biases appear to be a major reason why the crite-
ria have been downplayed in clinical practice. Cutoff val-
ues derived from different, potentially unrepresentative co-
horts seem to have limited clinical relevance. Nevertheless,
it should be acknowledged that, at the time these criteria
were developed, LVHT was considered a distinct cardiomy-
opathy. Therefore, it is reasonable that different research
groups focused on cases of hypertrabeculation with addi-
tional cardiac and/or extracardiac findings, whereas only a
few addressed isolated hypertrabeculation. To determine
whether recognizing and reporting an LVHT phenotype is
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worthwhile, it is necessary to consider the underlying mech-
anisms of this appearance and its pathophysiological devel-
opment.

4. Pathophysiology Hypothesis

The architectural development of the myocardium oc-
curs in four stages [18]. During the tubular heart phase,
the myocardium exhibits a two-layer epithelial cell struc-
ture. At the end of the fourth week, trabeculations begin
to emerge. By the eighth week (Carnegie stage 22), further
growth occurs, and the radial trabeculae become organized
in an apico-basal orientation. Subsequently, along with pro-
liferation and thickening of the myocardial layer, the tra-
beculae undergo compaction, and the coronary vasculature
invades the myocardium in an epicardial-to-endocardial di-
rection [19]. Vascularization of the endocardium and tra-
beculae gradually shifts from passive blood diffusion in
the earlier phases, when trabeculations are also referred to
as “sinusoids,” to the final stage where trabeculae become
thicker, more prominent in the LV, and nourished by coro-
nary artery branches [18]. A lack of trabeculae formation
reduces the oxygen and molecular supply necessary for my-
ocardial function and development, leading to embryonic
death. Additionally, the role in the development of the
Purkinje system and in the stability of the mitral apparatus
has been highlighted previously [20].

The final stage involves multilayering, in which a
three-layered spiral system of myocardial architecture is
formed, thereby contributing to the compact myocardium
[18]. However, an alternative theory suggests that trabec-
ular muscle coalescence is the primary contributor to com-
paction [21]. Cardiomyocytes that compose the trabecu-
lae have been reported to be more differentiated than those
in the compacted zones [18], and cardiomyocytes also ap-
pear to be more molecularly mature, with a lower prolif-
eration rate [22]. Different gene expression patterns have
also been identified in these two populations [20]. Two im-
portant molecular mediators, bone morphogenetic protein
10 (BMP10) and the hairy-related basic helix—loop—helix
transcription factor Hey2, have been shown to play crucial
roles in cardiomyocyte development and proliferation [20].
Tian et al. [21] demonstrated a hybrid zone between the
trabecular and compact myocardium in 2017 and, more no-
tably, found that inhibiting Hey2 cells within this zone led
to disproportionate, excessive trabeculation.

The hypertrabeculated appearance of LVHT has been
associated with arrest of myocardial architectural develop-
ment after the eighth morphogenetic week [5,23].

Petersen ef al. [24] recently challenged the longstand-
ing hypothesis that the non-compaction appearance of the
myocardium may result from incomplete trabecular com-
paction during intrauterine development.

To support this paradigm shift, the authors mentioned
the independent growth of compacted versus trabecular my-
ocardium [21], proposing that compaction occurs indepen-

dently of the trabecular portion [24]. The different growth
rates of compacted and non-compacted myocardial tissue,
referred to as “allometric growth,” were considered the pri-
mary factor contributing to the unequal proportions of these
myocardial layers [24]. Thus, the authors rejected the term
“non-compaction.” However, controversies persist regard-
ing the underlying molecular mechanisms, which remain
poorly understood [25,26,27].

5. Association With Other Syndromes and
Conditions

As previously noted in the development of diagnostic
criteria, associated conditions are often reported in LVHT
cohorts. Using the presence of more than three trabecula-
tions as a marker of LVHT, as previously demonstrated [2],
Stollberger et al. [28] evaluated the association of LVHT
with both cardiac and non-cardiac anomalies. Stdllberger
et al. [28] reported that up to 80% of patients were diag-
nosed with a NMD during a neurological evaluation.

In 2013, Kimura et al. [29] evaluated a cohort of
patients with Duchenne muscular dystrophy (DMD) and
Becker muscular dystrophy (BMD) and found an LVHT
rate of 20%. Interestingly, patients with DMD/BMD pre-
senting with hypertrabeculation showed a higher incidence
of left ventricular ejection fraction (LVEF) impairment and
a poorer prognosis [29]. The mechanisms underlying the
correlation between LVHT and NMDs remain unclear, and
no convincing explanation has been reported to date [30].

The contemporary presence of LVHT and Barth syn-
drome has also been previously reported [31]. This rare
X-linked disease is characterized by a mutation in the 74Z
gene, which encodes the cardiolipin transacylase tafazzin,
previously known as G4.5 [32]. In addition to hypertrabec-
ulation, the syndrome may present with specific traits such
as myopathy, neutropenia, inadequate growth, prepubertal
growth retardation, chronic fatigue, dysmorphic features,
and cognitive impairment [32]. Tafazzin deficiency leads to
cardiomyopathy by disrupting the formation of respiratory
chain supercomplexes, resulting in loss of succinate dehy-
drogenase in myocardial tissue [32]. This genetic disease
may present with an infantile-onset cardiomyopathy, more
commonly as DCM [32] or LVHT (50-60%) [33], whereas
HCM is less frequent [34].

Rarer syndromes, such as dystrobrevinopathy [35] and
Z-band complex anomalies [36], have also been associ-
ated with LVHT. However, the genotype—phenotype cor-
relation remains unclear, and published evidence is limited
to a small number of case reports [35,36].

One of the main reasons for the recent “downgrad-
ing” of the condition formally called LVNC to a “non-
cardiomyopathy” in the updated ESC cardiomyopathy clas-
sification is the possible de novo occurrence or increase
during transient conditions [37]. For example, LVHT is
known to occur in athletes [38], and dedicated diagnostic
criteria for this population have previously been proposed
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[39]. Gati et al. [39] found that up to 10% of regional- and
national-level athletes met echocardiographic criteria for
LVHT. Moreover, high-intensity physical activity in non-
competitive settings has also been linked to greater trabec-
ulation [40].

Significant hemodynamic changes occur during preg-
nancy [41]. Cardiac output, heart rate, and vasodilation
increase in the earliest phases; meanwhile, arterial blood
pressure decreases, whereas vasomotor response and blood
volume rise consistently, and cardiac contractility does not
appear to change significantly [41]. Cardiac remodeling
has often been reported, with increases in both left and
right ventricular mass [42,43]. Regarding LVHT, Gati et al.
[44] reported increased trabeculation during pregnancy in
25% of a cohort of primigravidae, with a smaller proportion
meeting diagnostic criteria for LVHT. Interestingly, nearly
two-thirds of these patients showed complete normalization
in the postpartum period [44].

An association between LVHT and beta-thalassemia
[45] as well as chronic kidney disease [46] has also been
reported. However, no molecular or genetic basis for this
association has been proposed to date. Indeed, both condi-
tions are characterized by consistent changes in blood vol-
ume due to fluid overload and a high-flow state, thus shar-
ing features with pregnancy.

Specific syndromes and transient conditions may
present with varying degrees of trabeculation, occasion-
ally meeting the diagnostic criteria for LVHT. Although
such associations have been reported, no formal or convinc-
ing explanation for these observations has yet been pub-
lished. Uncertainty stems from small sample sizes, a lack of
prospective studies, inconsistencies in the pathophysiologic
background, and the limitations and controversy surround-
ing existing LVHT criteria.

Thicker trabeculations have been reported in Black in-
dividuals, although no correlation between ethnicity and
NC/C ratio has been found [47]. Kohli ef al. [6] reported a
higher frequency of LVHT in Black individuals than in Cau-
casians, with LVHT criteria fulfilled across the age spec-
trum. Consequently, the authors argued that current LVHT
criteria may be overly sensitive, particularly in Black pa-
tients [6], and suggested that, as with athletes, the Black
population may require dedicated LVHT thresholds.

6. The Contribution of Genetics and Familial
Clustering

The 2006 American Heart Association (AHA) classi-
fication of cardiomyopathies considered LVNC a primary
genetic cardiomyopathy [48]. The AHA described the iso-
lated form of LVHT as being associated with ZASP (Z-line)
and mitochondrial mutations, as well as X-linked or auto-
somal dominant (AD) inheritance resulting from mutations
in the G4.5 gene encoding tafazzin (associated with Barth
syndrome) [35,48,49]. Conversely, when LVHT was asso-
ciated with congenital heart disease (CHD), mutations in
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a-dystrobrevin and the NKX2.5 transcription factor were
considered the main causes [35]. However, these associ-
ations were identified in only a few cases, and the reports
largely came from familial cases [35,50].

In 2018, van Waning et al. [30] retrospectively eval-
uated 311 unrelated LVHT patients who met Jenni’s or Pe-
tersen’s criteria for LVHT and had undergone genetic test-
ing covering 45 cardiomyopathy-related genes. A total of
104 (32%) patients had pathogenic/likely pathogenic mu-
tations, while 111 had variants of unknown significance
(VUS). Among gene-positive LVHT patients, 82% had mu-
tations in sarcomere-related genes. MYH7, MYBPC3, and
TTN were the most represented (71%), while 11% had
mutations in ACTCI, ACTN2, MYL2, TNNCI, TNNT2,
or TPM1. Non-sarcomeric mutations were also detected
involving DES, DSP, FKTN, HCN4, KCNQI, LAMP2,
LMNA, MIB1, NOTCHI, PLN, RYR2, SCN5A, and TAZ
[30]. In 2020, Ross et al. [51] performed exome sequenc-
ing on 35 LVHT patients without a family history of LVHT,
including 10 with no associated syndromes or cardiac mal-
formations, using a 193-gene nuclear/mitochondrial panel.
The study reported a 9% diagnostic yield for heterozygous
pathogenic or likely pathogenic variants in NKX2-5 and
TBXS5, which encode cardiac transcription factors, in pa-
tients with associated syndromes or cardiac dysfunction.
No mutations were reported in isolated LVHT cases. Ross
et al. [51] concluded that the utility of large-scale genetic
screening for non-familial LVHT is limited and that tran-
scription factors should be included in genetic panels.

The literature review and gene curation by Rojana-
sopondist et al. [52] in 2022 represent the largest and
most comprehensive evaluation of LVHT genetics to date.
The authors reviewed 405 articles reporting genetic data
on LVHT and assessed the strength of the association be-
tween genetic background and phenotype. The authors
identified 189 genes and 19 unique loci associated with
chromosomal abnormalities; among these, 11 (6%) were
classified as definitive, 21 (11%) as moderate, and 140
(74%) as limited, while 17 (9%) showed no correlation with
LVHT [52]. The definitive group comprised ACTC1, DES,
DSP, MIB 1, MYBPC3, MYH7, RYR2, TAZ, TPMI, and
TTN. A moderate association was found for ALPK3, DMD,
DMPK, DTNA, HCN4, LAMP2, LDB3, LMNA, NKX2.5,
NNT, OBSCN, PKP2, PLEKHM?2, PLN, PRDM16, RBM20,
SCN5A, TBX20, TBX5, TMEM70, and TNNTZ2. Genes in the
definitive group belonged to several functional domains,
including sarcomere function (64%), cellular junction pro-
teins (9%), mitochondrial function (9%), protein degrada-
tion (9%), and transcriptional/translational regulation (9%).
A comparison of LVHT-related genes with those associated
with DCM and HCM identified 24 genes in common. Al-
though the work of Rojanasopondist et al. [52] marks an
important step forward in understanding LVHT genetics,
the study also highlights existing gaps in current knowledge
on this disease. The authors clearly state this and ques-
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tion why mutations known to be associated with DCM or
HCM would lead to isolated LVHT or a mixed phenotype
of LVHT + DCM/HCM. Although partial explanations may
arise from NOTCH pathway alterations or cardiomyocyte
polarization, these mechanisms are insufficient to explain
the heterogeneity of hypertrabeculation. The authors also
proposed epigenetic, environmental, and other non-genetic
factors as important contributors [52].

Therefore, current knowledge of LVHT genetics re-
mains limited. Small sample sizes and inconsistent data
contribute to an unclear genetic framework, with only spo-
radic focus on isolated LVHT and many reports involving
other syndromes or CHD.

7. Epidemiology and Prognosis of LVHT

An adult prevalence of 50 per 100,000 has been esti-
mated for LVHT [53].

The first descriptions of LVHT reported a high risk of
reduced LVEF, endocardial thrombosis with systemic em-
bolization, and ventricular arrhythmias [5]. More recent
data from a larger population identified these three com-
plications as the most common in patients with LVHT [54].
However, LVEF and late gadolinium enhancement (LGE)
on CMR have been reported to be the main prognostic con-
tributors, rather than the degree of trabeculation [55]. Casas
et al. [55] performed a multicenter retrospective analysis of
more than 500 patients with LVHT diagnosed by echocar-
diography or CMR. During a follow-up of 5.1 years, HF oc-
curred in 110 (19%) patients, whereas systemic embolism
and ventricular arrhythmias occurred in 18 (3.1%) and 87
(15%) patients, respectively [54].

Hirono et al. [56] reported a thromboembolic preva-
lence of 6.2% and an annual incidence of 2.9%; similar
findings were observed in the meta-analysis by Bhatia et al.
[57]. Meanwhile, Hirono et al. [56] reported a 16% preva-
lence of ventricular arrhythmias, although higher rates have
been reported [26,58,59].

All-cause death occurred in 34 (5.8%) patients in the
study by Casas et al. [55], with age at diagnosis and male
sex identified as predictors of events in the multivariate
analysis. The authors highlighted that patients with LVHT
who had no ECG abnormalities, no family history (FH), no
LGE on CMR, and an LVEF >50% experienced no major
adverse cardiovascular events (MACEs) at follow-up.

At a median follow-up of 6.3 years, Vaidya et al. [59]
evaluated 339 patients with LVHT diagnosed according to
Chin’s, Jenni’s, or Petersen’s criteria, and found reduced
overall survival in the LVHT group compared with an age-
and sex-matched population in the United States. However,
patients with an LVEF >50% or hypertrabeculation limited
to the apical segments showed no difference in survival rate
[59]. Other studies comparing LVHT with DCM cohorts
reported similar rates of cardiovascular and all-cause mor-
tality, thromboembolic events, and arrhythmias [54]. Evi-
dence on prognosis in LVHT cohorts remains conflicting.

Although an increased risk of MACE appears to be rec-
ognized, patients with LVHT without LVEF impairment or
extensive LGE did not appear to have a higher risk than
the general population. Additionally, the prognostic signif-
icance of the extent of trabeculation remains uncertain [55].

8. Current Recommendations

Asthe ESC no longer classifies LVHT as a distinct car-
diomyopathy, the latest European cardiomyopathy guide-
lines, published in 2023, do not provide specific recommen-
dations for the management of LVHT [37].

The AHA does not provide comprehensive guidelines
for all cardiomyopathies, although the AHA has published
cardiomyopathy-specific guidelines [60]. Towbin and Jef-
feries [53] proposed an approach to LVHT management in
2017. The authors recommended guideline-directed medi-
cal therapy (GDMT) for symptomatic HF; meanwhile, the
presence of NSVTs was considered sufficient to warrant
consideration of an implantable cardioverter-defibrillator
(ICD), given the VT rate and the occurrence of appropriate
ICD therapies at follow-up [61]. When appropriate, heart
transplantation or left ventricular assist devices were also
considered possible strategies. Regarding GDMT and the
prevention of sudden cardiac death (SCD), the ESC guide-
lines for HF and SCD consider LVHT a subtype of DCM,;
therefore, these guidelines apply the same treatment options
and ICD implantation recommendations [62,63].

Regarding the anticoagulation treatment, Towbin and
Jefferies [53] deemed it necessary in appropriate clinical
settings, such as concomitant atrial fibrillation, follow-
ing a thromboembolic event, or when atrial or ventricular
thrombi are identified. Vitamin K antagonists (VKAs) are
the preferred agents in this clinical scenario, as data on di-
rect oral anticoagulants (DOACsS) are lacking. The 2019
Heart Rhythm Society (HRS) expert consensus statement
on arrhythmogenic cardiomyopathy reported that anticoag-
ulation was recommended in individuals with LVHT and
atrial fibrillation, as well as in those with previous embolic
events (Class of recommendations (CoRs) = 1; level of evi-
dence (LoE) = B); anticoagulation was also considered rea-
sonable in individuals with LVHT and evidence of ventric-
ular dysfunction (CoR =1IB; LoE = B). No specific recom-
mendations were reported regarding arrhythmia manage-
ment.

In 2024, the Italian Cardiological Guidelines for Com-
petitive Sport Eligibility in Athletes with Heart Disease
(COCIS) were updated [64]. The document highlights the
importance of distinguishing mild LVHT, commonly seen
in athletes, from true LVHT cases. In confirmed LVHT
cases, individuals were classified as low risk if none of
the following factors were present: symptoms (particularly
syncope), family history of SCD, significant atrial or ven-
tricular arrhythmias, LV dysfunction (EF <45% with exer-
cise reduction <15%), or LGE on CMR [64].
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9. Discussion

LVHT, currently the preferred term for LVNC and also
referred to as NCC, is a complex and multifaceted “trait.”
Traditionally regarded as a congenital cardiomyopathy with
a defined genetic background, LVHT is now increasingly
considered an anatomical variant. Given that the available
diagnostic criteria cannot distinguish isolated LVHT from
LVHT associated with other features, that the genetic basis
of isolated forms appears weak, and that studies have iden-
tified spurious LVHT cohorts, it is understandable why this
condition has progressively lost its status as a cardiomyopa-
thy over time.

However, because LVHT remains incompletely un-
derstood, it may be overly simplistic to reduce such a sub-
stantial body of evidence to a mere “trait,” suggesting that it
may or may not warrant reporting during routine TTE. Sev-
eral key points emerge from the data gathered in our review.
First, the diagnostic criteria for LVHT should be regarded
as tools for identifying an abnormal degree of ventricular
trabeculation rather than for diagnosing a disease. In this
sense, the criteria may be better viewed as a grading system
that helps clinicians define a threshold for excessive trabec-
ulation.

The pathophysiological mechanisms underlying
LVHT remain poorly understood. Although some progress
has been made in recent years, current knowledge remains
insufficient to conclude that this “anatomical variant” has
been fully characterized. In isolated forms, the genetic
background does not appear to meaningfully affect patient
management; however, in familial cases and in those
associated with other cardiac or extracardiac abnormalities,
genetic evaluation is essential for both diagnosis and
management (e.g., Barth syndrome).

Transient conditions may trigger or exacerbate trabec-
ulation; therefore, a patient may meet LVHT criteria at one
time point but no longer do so once the external trigger
has resolved. Importantly, LVHT is not a uniform con-
dition. Several high-quality studies have clearly demon-
strated prognostic implications associated with LVHT, in-
cluding a higher prevalence of HF, arrhythmias, and throm-
boembolic events. The main challenge in LVHT man-
agement is identifying the subset of patients who will de-
velop left ventricular dysfunction, arrhythmias, or embolic
events.

Although LVHT does not conform to the classical def-
inition of cardiomyopathy, the ESC guideline approach, in-
tended to avoid overdiagnosis and unnecessary concern re-
garding this “trait,” may appear somewhat dismissive.

In our opinion, a more tailored approach should be
proposed. When LVHT is suspected, especially on TTE,
CMR should be performed to confirm the diagnosis. If the
patient meets the TTE and CMR criteria, high-risk features
should be assessed and excluded, including family history
of LVHT (with genetic testing considered in familial clus-
ters), LGE on CMR, arrhythmias, and impaired LVEF. If
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these high-risk factors are absent, reassessment every 3—4
years may be sufficient to monitor for complications, such
as arrthythmias, LV thrombus, and LVEF impairment. If
high-risk factors are present, annual follow-up should be
recommended to help prevent complications and guide ther-
apeutic decisions when appropriate.

In summary, this “trait” should be considered a risk
factor for the development of left ventricular dysfunction,
arrhythmias, and thromboembolic events. The focus of the
clinician should be on identifying cases that progress from
isolated mild LVHT to overt cardiomyopathy and on under-
standing the clinical course of the high-risk subset, while
avoiding overtreatment in patients with milder forms.

10. Conclusions

LVHT, also referred to as LVNC or NCC, has be-
come increasingly recognized with the widespread use of
echocardiography. Although LVHT does not fully meet the
traditional criteria for cardiomyopathy, the clinical signifi-
cance of the condition remains heterogeneous. While many
patients experience a favorable course, a subset may de-
velop left ventricular dysfunction, arrhythmias, and throm-
boembolic events.

Current diagnostic criteria mainly identify an abnor-
mal degree of trabeculation rather than a distinct disease,
and genetic and molecular data remain limited, particularly
in isolated forms. In this context, a risk-based approach
may represent a reasonable strategy. Patients without high-
risk features often have good outcomes and may benefit
from periodic follow-up, whereas LVHT cases with addi-
tional clinical, functional, or imaging abnormalities may re-
quire closer surveillance. Therefore, a tailored, cautious,
and individualized clinical approach appears appropriate
for LVHT in clinical practice.
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