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Definition of LVNC

Left ventricular non-compaction (LVNC) is defined by the triad: prominent trabecular
anatomy, thin compacted layer, and deep inter-trabecular recesses. No person, sick
or healthy, demonstrates identical anatomy of the trabeculae; their configuration
represents a sort of individual dynamic ‘cardiac fingerprinting’. LVNC can be ob-
served in healthy subjects with normal left ventricular (LV) size and function, in ath-
letes, in pregnant women, as well as in patients with haematological disorders, neu-
romuscular diseases, and chronic renal failure; it can be acquired and potentially
reversible. When LVNC is observed in patients with dilated cardiomyopathy (DCM),
hypertrophic cardiomyopathy, restrictive cardiomyopathy, or arrhythmogenic cardio-
myopathy, the risk exists of misnaming the cardiomyopathy as ‘LVNC cardiomyopa-
thy’ rather than properly describe, i.e. a ‘DCM associated with LVNC’. In rare infan-
tile CMPs (the paradigm is tafazzinopathy or Barth syndrome), the non-compaction
(NC) is intrinsically part of the cardiac phenotype. The LVNC is also common in con-
genital heart disease (CHD) as well as in chromosomal disorders with systemic mani-
festations. The high prevalence of LVNC in healthy athletes, its possible reversibility
or regression, and the increasing detection in healthy subjects suggest a cautious use
of the term ‘LVNC cardiomyopathy’, which describes the morphology, but not the
functional profile of the cardiac disease. Genetic testing, when positive, usually
reflects the genetic causes of an underlying cardiomyopathy rather than that of the
NC, which often does not segregate with CMP phenotype in families. Therefore,
when associated with LV dilation and dysfunction, hypertrophy, or CHD, the leading
diagnosis is cardiomyopathy or CHD followed by the descriptor LVNC.

(2) The prominent trabeculae that protrude into the
endocavitary side of the ventricle; and

The myocardial ventricular wall consists of a compact layer (3) The deep inter-trabecular recesses.

and a trabecular layer characterized by the alternation of
trabeculae and inter-trabecular recesses. The definition of
non-compact myocardium implies the absence or reduction
of a compact layer of the left ventricular (LV) wall. The
three anatomical components are:

(1) The thin compact layer;
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The definition left ventricular non-compaction (LVNC)
does not include descriptors of the left ventricular function
and size. Per se, the non-compacted myocardium describes
a structural/anatomical condition of the LV wall.

Function of the trabeculae

Trabeculae work as small, mechanically active, levers dur-
ing early systolic ejection and increase perfusion of the
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sub-endocardium by expanding the interface between the
endocardium and endoventricular blood. The embryogenic
hypothesis of the origin of LVNC postulates that during the
early embryogenesis the myocardial compaction arrests in
favour of the trabecular myocardium. In the process of car-
diac chamber maturation, the trabeculae constitute the
primordial state of development of the ventricular myocar-
dial wall. Indeed, in the embryonic myocardium, the tra-
beculae contribute to the cardiac output, nutrition of
trabecular myocytes, and oxygen uptake prior to coronary
vascularization.”> As the cardiac walls mature, the
compact myocardium and the coronary artery system de-
velop concomitantly, the trabeculae undergo progressive
remodelling.

LVNC in newborn/infant vs. LVNC in adults

LVNC in newborn with either cardiomyopathy or congenital
heart disease (CHD) is likely to be attributable to an arrest
in the maturation of the ventricular walls in the context of
the underlying cardiac disease. LVNC in an adult in whom it
was not present at birth and did not cause clinical manifes-
tation until the time of clinical observation is unlikely to
have the same origin as that observed in the newborn.

The embryogenic hypothesis does not explain why in
adult age LVNC has been observed as an acquired and po-
tentially reversible trait* in athletes or in pregnant women
or in patients with hypertension, renal, and haematological
disorders.>1?

Diagnosis

No person, sick or healthy, demonstrates identical anatomy
of the trabeculae. The trabecular anatomy constitutes a
true cardiac fingerprint. The criteria for defining LYNC are
based exclusively on imaging by two-dimensional transtho-
racic echocardiography, cardiovascular magnetic reso-
nance, or computed tomography without any mention of LV
dysfunction. Imaging provides qualitative descriptors of
the LV trabeculae (prominent, pronounced, marked, se-
vere, etc.) and quantitative assessments of ratios between
thickness, mass, and volumes of non-compacted and com-
pacted LV layers. Cut-off values of these ratios are
obtained by either increasing the trabecular thickness or
decreasing the thickness of the compact layer."* ' In most
indexes, the ratios between compacted and NC thickness/
volume/mass drive the definition of LVNC.* Nosological as-
sighment exists in the absence of diagnostic guidelines and
consensus criteria.'> ™

Cardiac magnetic resonance (CMR) is generally superior
to echocardiography in the identification of NC myocar-
dium, with 12 times higher prevalence of LVNC when the
assessment is made with CMR respect to echocardio-
graphy amongst different cardiac patients cohorts.
Multidetector computed tomography angiography is useful
when cardiovascular CMR is not feasible or when echocardi-
ography and CMR provide discordant data; it adds the
advantage of non-invasive investigation of the coronary
tree. Nevertheless, the sensitivity and specificity of NC/
compaction ratios by echocardiography, cardiovascular

magnetic resonance imaging, and computed tomography
are difficult to establish because of the absence of referral
gold standards.

The diagnosis and the definition of LYNC do not mention
LV dysfunction. LV function and haemodynamic can be nor-
mal in individuals with LVNC. Tissue Doppler regional defor-
mation seems to distinguish isolated LVNC from dilated
cardiomyopathy (DCM),"®'® and 2D speckle-tracking echo-
cardiography seems to detect myocardial dysfunction in
children with LVNC and normal LV function by conventional
methods. "’

LVNC as isolated and non-isolated trait

Isolated LVNC in healthy subjects

Isolated LVNC can be observed in individuals with normal LV
systolic and diastolic function, size, and wall thickness.
The pathogenesis in otherwise normal hearts is unknown.
The long-term follow-up MESA study cohort first showed
that LVNC does not impact prognosis (MESA study cohort).'®
TASCFORCE study gave similar results showing that long-
axis NC/C ratio was negatively correlated with systolic
blood pressure and LV mass, but the effect sizes were mini-
mal and without clinical significance.' In a meta-analysis
including 574 patients with LYNC and 677 without LVNC, no
hard cardiac events occurred among 158 patients with
LVNC, no late gadolinium enhancement (LGE) and pre-
served LV ejection fraction (LVEF) demonstrating that,
when matched for LVEF, individuals with and without LYNC
share the same prognosis. 2’

LVNC in cardiomyopathies

LVNC can occur in hearts with DCM, hypertrophic cardiomy-
opathy (HCM), restrictive cardiomyopathy (RCM), or
arrhythmogenic cardiomyopathy (ACM). The prominent
trabeculae in DCM may represent the effect of a greater
need for leverage in early systole and may contribute to
the maintenance of the contractile function. The promi-
nent trabeculae in a heart with HCM may instead respond
purposely to greater demands of nutrition of the trabecular
myocytes and oxygen uptake.’3 LVNC can be observed in
cardiomyopathies showing overlapping phenotypes, such
as in mitochondrial DNA-related cardiomyopathies (HCM
with potential dilated evolution)* or associated with LV di-
lation and dysfunction at onset, such as in the paradigmatic
infantile DCM in Barth syndrome.?" In a prospective study
including 113 patients with LVNC followed-up for 4-years
the adverse outcome was associated with the presence of
cardiac symptoms, positive family history of non-ischaemic
cardiomyopathy, neuromuscular diseases, prior malignant
arrhythmias, and thromboembolic event. The extent of
trabeculation alone had no prognostic implications above
and beyond the well-established prognostic markers such
as LV dilation or LGE.??

LVNC in congenital heart diseases

LVNC is common in CHDs (from patent ductus arteriosus,
septal defects, Ebstein’s anomaly, to hypoplastic left heart
syndrome)® as well as in chromosomal disorders (1p36
deletion syndrome; interstitial 1q43-q43del; del(1)(q)
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syndrome; del5q35; 7p14.3p14.1 deletion, 8p23.1 del syn-
drome; 18p subtelomeric deletion; 22q11.2 deletion syn-
drome; 22q11.2 distal deletion syndrome; trisomy 13 and
18; tetrasomy 5q35.2-5q35; Robertsonian translocation
13;14; and mosaics such as 45,X/46XX and 45,X/
46,X,i(Y)(p11)).%

LVNC in individuals without cardiac diseases
As anticipated, isolated LVNC may occur in athletes,
in pregnant women, '® in patients with haematological dis-
orders,” neuromuscular disorders,>?> and chronic renal
failure.® The review and meta-analysis by Ross et al."” pro-
vided the comparative prevalence of LVNC when assessed
with 2DTTE or with CMR in different cohorts. Between ath-
letes, the estimated LVNC prevalence was 3.16% in 2DTTE-
and 27.29% in CMR-assessed-cohorts, respectively. In non-
cardiac cohorts, LVNC prevalence was 2.21% and 36.2%
with 2DTTE and CMR, respectively. Furthermore, among
the 1480 asymptomatic, free from known cardiovascular
diseases, participants to TASCFORCE study a significant
proportion (15%) fulfilled CMR-based diagnostic criteria for
LVNC.™

8,11,12

LVNC in syndromic diseases

In sporadic or familial syndromes with LVNC, the NC mor-
phology is one of the cardiac traits associated with both
monogenic defects and chromosomal anomalies. The for-
mer include rare diseases: some of them (i.e. Anderson-
Fabry disease and Danon disease)?®?” are well known by
cardiologists because their HCM-like phenotype is often
the first clinically overt manifestation. The latter are com-
plex syndromes that display several multiorgan defects:
chromosomal abnormalities include deletions, transloca-
tions, and trisomy or tetrasomy.??

Genetics and LYNC

Current recommendations suggest genetic evaluation for
patients with cardiomyopathy and LVNC, or syndromes in
which LVNC may recur, or incidentally detected LVNC.*%®
The clinical family screening (including cardio-imaging)
should be performed in order to assess whether the trait is
sporadic or familial (more family members show LVNC) and
whether it segregates with the major cardiac phenotype,
either cardiomyopathy or CHD or other, non-cardiac dis-
eases/syndromes. The family screening further deepens
with genetic test exploring multiple candidate genes. The
possible scenarios are as follows:

(1) The disease-causing mutation segregates with the
cardiomyopathy phenotype and also segregates
with the LVNC. In this scenario, the coincidence of
the cardiomyopathy with the LYNC may imply that
the trabecular anatomy is part of the cardiomyopa-
thy itself (the typical example is tafazzinopathy in
new borns/children).

(2) The mutation that is associated with the cardiomy-
opathy in the family does not segregate with the
LVNC: asymptomatic family members with normal
LV size and function may show LV hypertrabecula-
tion or vice-versa, affected and mutated family

members may show the cardiomyopathy but not
LVNC. A dual interpretation is possible at the base-
line evaluation: (i) the family members demonstrat-
ing LVNC and normal LV size and function are
younger (offspring) than the proband and affected
relatives; the phenotype might manifest later on in
the course of their life; (ii) the cause of LVNC is ad-
ditional to that of the cardiomyopathy (two or
more genetic mutations/variants, with one poten-
tially influencing LV trabecular anatomy).

Clinical monitoring of families may demonstrate that the
trabecular anatomy can evolve: LVNC may progress or re-
gress. Although a few genes have been proposed in the past
as specifically associated with isolated LVNC, there are no
confirmations and validations. The genes routinely investi-
gated are usually those that cause cardiomyopathies in
which LVNC may be present.?®

Turn healthy subjects into sick: the case

The diagnostic work-up is especially complex when healthy
individuals with prominent trabeculae, up to LYNC are sent
to the genetic path. The genetic test is often asked to com-
pensate for the clinical uncertainty. The example de-
scribed in the next paragraph demonstrates the
devastating effect of the diagnosis of ‘LVNC cardiomyopa-
thy’ in a healthy individual and in his family. The 49-year-
old male, agonistic dance sport athlete, was addressed to
our attention after the incidental detection of LVNC during
a sport suitability evaluation. This led from 2DTTE to a 1st
CMR that confirmed NC/C=2.9 and 1 year later, to a sec-
ond CMR that did not report LVNC. A further 2DTTE con-
firmed hypertrabeculation, normal LV size and function. A
large panel of genes tested negative. Clinical family
screening (1st grade relatives: in parents, sibs, and off-
spring) gave normal results in the absence of family history
of cardiac diseases or sudden cardiac death (Figure 7).

Why are there no novel guidelines: since
2006 (AHA) and 2008 (ESC) the LVNC
problem is still not solved

The scientific societies probably look at the LVNC with cau-
tion: is LVNC a CMP? More than 10 years ago the formulation
of guidelines would have certainly had non-sufficient evi-
dence. Today, in 2020, before writing new nosology or new
definitions or diagnostic criteria, the evidences from hun-
dreds of imaging studies in patients with cardiac diseases,
in cohorts of healthy controls and athletes and in patients
with non-cardiac diseases should be considered. The con-
clusions of a recent review and meta-analysis contain an
essential warning: ‘Left ventricular non-compaction in
adult populations is a poorly defined entity which is likely
to be both physiological adaptation and pathological dis-
ease. There is a higher prevalence with CMR imaging,
which identify LYNC changes more readily. The clinical sig-
nificance of these findings remains unclear; however, there
is significant potential for overdiagnosis, overtreatment,
and unnecessary follow-up’. We fully agree with the
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1:1; 1:2 Death 83 yrs; death 70 yrs: oral cancer

1:3; 1:4 Death 85 yrs; death 92 yrs

11:1 89 yrs, PCI for ACS
11:2 87 yrs

11:3 86 yrs

11:4 84 yrs; Permanent AF, OAC
11:5 85 yrs

11:6 Death, 84 yrs

11:7 Death, 88 yrs, Alzheimer
111:1 AMI: 52 yrs

111:249 yrs

11:3 47 yrs

111:4 45 yrs

11:5 51 yrs

111:6 49 yrs

11:7 48 yrs
111:8 45 yrs, colo-rectal cancer
111:9 55 yrs

111:10 = Proband 49 yrs; incidental LVNC; 1st
CMR NC/C = 2.9, no LE; 2nd CMR: does not
confirm the ratio, no LE; multiple 2DTTE
describe hypertrabeculation. Conclusions: LV
with normal dimensions and function
associated with increased trabeculation. No
medication.

11:11 46 yrs

IV:1-1V:6 Age range: 18-27 yrs; all negative
ECG and 2DTTE

Figure 1 The figure shows the family pedigree; the table summarizes the clinical history of the proband and his relatives: there is no evidence of cardiac

disease in the family. Images show the 2DTTE (Panels A and B) and the CMR (Panels C and D) views of the proband’s heart. During 3 years of follow-up, no
signs of dilatation and left ventricular dysfunction were observed. Repeated 24 h-ECG Holters have not documented any significant arrhythmias. The pro-
band, who drastically reduced his physical activity, is asymptomatic. 2DTTE, two-dimensional transthoracic echocardiography; ACS, acute coronary syn-
drome; AF, atrial fibrillation; AMI, acute myocardial infarction; CMR, cardiac magnetic resonance; LE, late enhancement; LV, left ventricle; OAC, oral

anticoagulant; PCl, primary coronary intervention.

conclusions of this study, as we have already anticipated in
the past. 2428

Conclusions

The LVNC can be present at birth in association with syn-
dromic or non-syndromic CHD or rare cardiomyopathies.
However, in adults the LVNC is an acquired trait, potentially
reversible, recurring in cardiac diseases (cardiomyopathies
and CHD), in neurologic, renal and haematologic diseases,
in hypertension and during pregnancy or in athletes. As
such, the misleading term ‘LVNC cardiomyopathy’ should
be abandoned in favour of DCM or HCM or ACM or RCM with
LV hypertrabeculation or LVNC. Healthy individuals inciden-
tally diagnosed with increased trabeculation should not be
labelled as affected by a cardiomyopathy when their LV
size and function are normal.

Conflict of interest: none declared.
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