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Abstract

Left ventricular non-compaction (LVNC) is a rare primary cardio-
myopathy with genetic etiology, resulting from an abnormality of
myocardial development during embryogenesis. It carries an elevat-
ed risk of left ventricular dysfunction, thromboembolic events and
malignant arrhythmias. We report the case of LVNC associated with
paroxysmal atrial fibrillation and ankyrin 2 (4NK2) mutation at the
genetic test. An 18-year-old competitive athlete visited our medical
center to undergo the diagnostic investigations protocol preparatory
to the release of the suitability for competitive practice. The echo-
cardiographic examination shows LVNC without ventricular remod-
eling (left ventricular ejection fraction (LVEF) 53%, global longitu-
dinal strain (GLS) -18.3%). The echocardiographic diagnosis was
confirmed by cardiac magnetic resonance imaging (cMRI), which
revealed dense hypertrabeculation in the left ventricular apex and
lateral wall. The cardiogenetic investigation showed a ¢.9145C>T
variant (p.Arg3049Trp) identified in the ANK2 gene. This mutation
is associated in the literature with rare cases of LVNC. The patient
underwent an extended Holter monitoring which excluded ventricu-
lar arrhythmic events but showed two brief episodes of paroxysmal
atrial fibrillation. Despite the absence of significant ventricular re-
modeling, considering the presence of paroxysmal atrial fibrillation
and the presence of a mutation in the ANK2 gene, which has several
variants related to high-risk phenotypes, it has been decided to sus-
pend the competitive practice, and is defined an adequate clinical-
diagnostic follow-up.
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Introduction

Left ventricular non-compaction (LVNC) is a rare cardio-
myopathy due to the failure of myocardial development dur-
ing embryogenesis, and it is characterized by an elevated risk
of left ventricular dysfunction, malignant arrhythmias, and
thromboembolic phenomenon [1, 2]. LVNC presents differ-
ent phenotypic expressions and different pathology evolution.
The prevalence of LVNC has been reported as 3-4% among
patients with heart failure [3]. During development, most of
the heart muscle is a sponge-like meshwork of interwoven
myocardial fibers [2, 4]. As normal development progresses,
these trabeculated structures undergo significant compaction
that transforms them from spongy to solid fibers, which is par-
ticularly apparent in the ventricles and particularly in the left
ventricle. To date, this type of hereditary cardiomyopathy is
not fully understood. The American Heart Association recog-
nized the rapid evolution of molecular genetics in cardiology
and classified LVNC as primary, genetic cardiomyopathy [5].
In contrast, a subsequent position statement of the European
Society of Cardiology classified LVNC as “unclassified car-
diomyopathy”, because it is not clear whether it is a separate
cardiomyopathy or merely a morphological trait shared by
many phenotypically distinct cardiomyopathies [6]. Currently,
LVNC has been reclassified, in recent guidelines on cardio-
myopathies, as a phenotypic trait that can occur either in isola-
tion or in association with other cardiac alterations, such as
ventricular hypertrophy, dilatation, and/or systolic dysfunction
[7]. We present a case report of a young competitive athlete
with LVNC, episodes of paroxysmal atrial fibrillation and the
presence of a rare ankyrin 2 (ANK?2) variant.

Case Report

An 18-year-old competitive cyclist visited our diagnostic
center of Cardiology and Sport Medicine (Cardiomed Center,
Maglie, Italy) to undergo the diagnostic investigations proto-
col for competitive practice. The patient had a normal body
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Figure 1. Echocardiographic examination (four-chamber and parasternal short-axis view) shows multiple trabeculations in the
apex and lateral wall of the left ventricle, a two-layer myocardial structure with a thin compacted and thick non-compacted (NC)

layer, systolic NC/C ratio > 2 (red arrows).

weight based on a body mass index (BMI) of 23.8kg/m?,
adopted healthy lifestyle and has engaged bicycle practice for
7 years. No family history of sudden death or heart disease
was reported. The patient did not have major symptoms, ex-
cept for sporadic palpitations. The physical examination was
unremarkable. Electrocardiogram and spirometry did not show
abnormalities. No significant abnormalities were detected in
laboratory tests. The cycle ergometer test was conducted up
to stage 4 of Bruce protocol and showed no signs of myocar-
dial distress, no induced relevant arrhythmias (rare ectopic
supraventricular beat during recovery), rapid chronotropic
increase, normal pressure increase, and mild dyspnea at the

125-Watt workload. Echocardiographic examination showed
multiple trabeculations in apex and lateral wall of the left ven-
tricle with deep endomyocardial recesses, left ventricular ejec-
tion fraction (LVEF) 53%, global longitudinal strain (GLS)
-18.3%, two-layer myocardial structure with a thin compacted
and a thick non-compacted (NC) layer, systolic NC/C ratio>
2 (parasternal short-axis view), color Doppler evidence of per-
fused intertrabecular recesses, therefore the diagnosis of LVNC
is performed (Figs. 1, 2). The echocardiographic diagnosis was
confirmed by cardiac magnetic resonance imaging (cMRI),
which revealed dense hypertrabeculation in the apex and lat-
eral wall (Fig. 3). The patient did not complain of any skel-

A4C Endo GLS picco: -16.5 %
A2C Endo GLS picco: -20.0 %
A3C Endo GLS picco: -20.5 %

Media Endo GLS picco: -18.3 %

Figure 2. Speckle tracking analysis, global longitudinal strain (-18.3%).
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Figure 3. The cMRI showed distinct trabeculations localized to the lateral wall, and part of the posterior wall, as well as the apex

(red arrows). cMRI: cardiac magnetic resonance imaging.

etal muscle symptoms, and serum muscle enzyme levels were
normal. The cardiogenetic investigation showed a ¢.9145C>T
variant (p.Arg3049Trp) identified in the ANK?2 gene. The vari-
ant identified is already described and related to rare forms
of non-compact myocardium but is not described with clear
pathogenetic significance. Several variants of the ANK2 gene
are associated with different cardiopathy phenotypic expres-
sions, even with an elevated risk of evolving into malignant
arrhythmias and sudden death. Therefore, to complete the di-
agnostic screening, the patient underwent an extended Holter
monitoring (1 week), which excluded ventricular arrhythmic
events but showed two brief episodes of paroxysmal atrial fi-
brillation (episode longer than 24 min).

Considering the simultaneous presence of LVNC, atrial
fibrillation, and a variant of the ANK2 gene, the suitability for
competitive activity is suspended as a precautionary meas-
ure, and adequate follow-up is set. Clinical and diagnostic
screening of the proband’s family for inherited cardiomyo-
pathy was performed. All family members of the proband
did not have any cardiac disease, did not present any cardiac
symptoms, and her transthoracic echocardiography (TTE)
showed normal cardiac function and geometry. They are all
studied with Holter monitoring without detecting any signifi-
cant anomalies.

Genetic analysis method and result

Genetic counseling was requested, and, after obtaining in-
formed consent from the patient, next-generation sequencing
(NGS) analysis of 200 genes associated to cardiovascular dis-
eases was performed on genomic DNA extracted from periph-
eral leukocytes. The coding regions of the selected genes were
isolated and captured using a customized Target Enrichment
system (Twist Bioscience, San Francisco, CA, USA); indexed
DNA fragments libraries were generated according to the
manufacturer’s protocol and sequenced on a ISeq instrument
(Ilumina, San Diego, CA, USA). Sequence alignment to the

National Center for Biotechnology Information (NCBI) refer-
ence sequence (GRCh37/hgl9) and variant calling were per-
formed using the Borrows-Wheeler Algorithm (BWA) and the
Genomic Analysis Toolkit (GATK), respectively. For variant
filtering and prioritization, WANNOVAR was used. The het-
erozygous variant NM_001148:¢.C9145T (p.R3049W) in the
ANK?2 gene, leading to arginine to tryptophan substitution at
position 3049 of the beta-ankyrin protein, was identified (Fig.
4). This missense variant was present in publicly available
mutation databases, including dbSNP (rs1201870166), Clin-
Var (classified as variant of uncertain significance (VUS))
and Human Gene Mutation Database (HGMD) (associated
to LVNC), with a minor allele frequency of 0.14/1613852
in GnomAD v4.0.0. In silico predictive algorithms support a
deleterious effect of the missense mutation on the gene prod-
uct. According to the American College of Medical Genetics
guidelines, the variant was classified of uncertain significance
(PM2, PP3, BP1) [8].

Discussion

The case of our patient refers to the finding of non-compact
myocardium in the context of evaluation for authorization of
competitive practice in a young athlete. LVNC is a very rare
primary cardiomyopathy characterized by a high risk of left
ventricular dysfunction, malignant arrhythmias, and thrombo-
embolic phenomenon [1, 2]. Routinely, the diagnosis of LVNC
is based on noninvasive imaging studies, such as TTE and
cMRI [9-11]. The disease is caused by heterozygous mutations
in different genes, most commonly those coding for the cardiac
sarcomere, calcium handling, and other cardiomyopathy-relat-
ed genes [12-15]. Our patient did not present family history
of heart disease or sudden death. The absence of significant
symptoms, with evidence of optimal functional capacity at the
ergometric test and the absence of important signs of remod-
eling, led to the hypothesis of an almost benign prognosis. Our
cardiogenetic investigation highlighted a variant of the ANK?2
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Figure 4. Raw data visualization of the variant c.9145C>T, p.Arg3049Trp in the ANK2 gene (NM_001148) on IGV (Integrative
Genomics Viewer). ANK2: ankyrin 2; IGV: Integrative Genomics Viewer.

gene described in the literature in rare forms of LVNC [16].
Ankyrin-B (encoded by ANK?), originally identified as a key
cytoskeletal-associated protein in the brain [17, 18], is highly
expressed in the heart and plays a critical role in cardiac physi-
ology. In the heart, ankyrin-B plays key roles in the targeting
and localization of key ion channels and transporters [19, 20],
structural proteins [21, 22] and signaling molecules [23] The
role of ankyrin-B in normal cardiac function is illustrated in
animal models lacking ankyrin-B expression, which display
significant electrical and structural phenotypes and life-threat-
ening arrhythmias. Further, ankyrin-B dysfunction has been
associated with cardiac phenotypes in humans (now referred
to as “ankyrin-B syndrome”) including sinus node dysfunc-
tion, heart rate variability, atrial fibrillation, conduction block,
arrhythmogenic cardiomyopathy, structural remodeling, long
QT syndrome, and sudden cardiac death [24-29]. Consider-
ing the result of the genetic examination, for a more accurate
evaluation of any arrhythmic disorders, the patient underwent
prolonged Holter monitoring, which excluded ventricular ar-
rhythmias but showed paroxysms atrial fibrillation. Therefore,
considering the simultaneous presence of LVNC, atrial fibril-
lation, and a variant of the ANK?2 gene, the suitability for com-
petitive activity is suspended as a precautionary measure, and
adequate follow-up is set.

This case report suggests clinical indications and new evi-

dence in cardiogenetic. Regarding the clinical indications, we
can confirm that a multiparametric investigation within a diag-
nostic procedure preparatory to the release of the suitability for
the competitive practice of athletes, which also includes a tar-
geted cardiogenetic investigation, can lead to a better diagnos-
tic and prognostic definition that will guide a more adequate
follow-up. About the cardiogenetic indication, it is worth to
notice that although this ANK2 mutation was associated with
NC myocardium, LVNC has currently been reclassified in re-
cent guidelines on cardiomyopathies, as a phenotypic trait that
can occur either in isolation or in association with different
other cardiac alterations. Therefore, in view of our patient’s
characteristics, our finding might support the evidence of a
possible association between mutation in ANK2 gene, atrial
fibrillation and LVNC.
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