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Noncompaction of the ventricular myocardium (NVM) is a genetically heterogeneous cardiomyopathy.
Various mutations associated with NVM have been identified in several genes. NVM patients usually
present with complications of dilated cardiomyopathy.
We identified a missense mutation, ¢.5740G>A, p.Glu1914Lys of MYH?7, by targeted next-generation
sequencing in three infant siblings with isolated bi-ventricular noncompaction who presented with
? . restrictive hemodynamics and severe clinical courses. This mutation appears to be associated with a
Ventricular noncompaction - - . . PR
Next-generation sequencing severe [zhenotype a.lnd poor prognosis. Early hgart transplantat?on should be c9n51dered in similar cases.
MYH? <Learning objective: No clear noncompaction of the ventricular myocardium genotype-phenotype
correlations have been found to predict the clinical course. This report describes a MYH7 mutation in
three infant siblings with isolated bi-ventricular noncompaction who presented with restrictive
hemodynamics and severe clinical courses. Early heart transplantation should be considered in cases
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with a similar genotype and/or phenotype.>
© 2019 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Noncompaction of the ventricular myocardium (NVM) is a
cardiomyopathy characterized by prominent left ventricular
trabeculations and deep intertrabecular recesses. NVM is geneti-
cally heterogeneous and various mutations in several genes have
been identified [1]. Patients usually present with hemodynamics
characteristic of dilated cardiomyopathy (DCM) [2].

We identified a missense mutation of MYH7 by targeted next-
generation sequencing (NGS) in three infant siblings with isolated
bi-ventricular noncompaction who presented with restrictive
hemodynamics and severe clinical courses.
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Case 1

A 17-month-old boy was referred to our institution due to
syncope and heart failure. He had no known family history of
heart disease or sudden cardiac death. Echocardiography revealed
that both cardiac ventricles had a coarsely trabeculated and
spongy appearance in posterior wall, lateral wall, apical
segments, and right ventricle, suggestive of bi-ventricular
noncompaction (Fig. 1A). Left ventricular ejection fraction (LVEF)
was estimated at 51%, with normal left ventricle end-diastolic
volume (110%), bi-atrial and right ventricular enlargement,
moderate tricuspid regurgitation (velocity 5.0 m/sec), moderate
mitral regurgitation, and no other congenital heart disease. E-
wave deceleration time at the transmitral level was short
(85msec) with a high E/A ratio (2.1) (Fig. 1B), suggesting
restrictive physiology. The ratio between the thickness of the
noncompacted layer and the myocardial layer was 3.4:1.
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(A, B) Echocardiography of Case 1 revealed that both ventricles had a coarsely trabeculated and spongy appearance, suggestive of bi-ventricular noncompaction.
E-wave deceleration time at the transmitral level was short (85 msec) with a high E/A ratio (2.1), suggesting restrictive physiology.

(C, D) Echocardiography of Case 2 revealed that both ventricles had a coarsely trabeculated and spongy appearance, suggestive of bi-ventricular noncompaction.
E-wave deceleration time at the transmitral level was short (77 msec) with a high E/A ratio (2.2), suggesting restrictive physiology. (E, F) Echocardiography of Case
3 revealed that both ventricles had a coarsely trabeculated and spongy appearance, suggestive of bi-ventricular noncompaction.

We used the diagnosis criteria of NVM as follows: (1) The
characteristic appearance of numerous, excessively prominent
trabeculations and deep intertrabecular recesses on echocardiog-
raphy. Two-layered appearance of the myocardium, with an
increased noncompacted to compacted ratio >2.0. (2) Multiple
deep intertrabecular recesses communicating with the ventricular
cavity, as demonstrated by color Doppler imaging.

He was diagnosed with isolated bi-ventricular noncompaction
with restrictive hemodynamics and severe pulmonary hyperten-
sion. He next underwent cardiac catheterization. Ventriculography
showed a sponge-like layer in both ventricles. Left ventricular
systolic pressure and end-diastolic pressure were 95 mmHg and
37 mmHg, respectively. Pulmonary artery pressures were elevated
(systolic/diastolic/mean pressure: 61/21/39 mmHg). Mean pulmo-
nary capillary wedge pressure and right atrial pressure were
35 and 10 mmHg, respectively. Pulmonary vascular resistance was
4.0 Wood Unitm?. Although he was treated for heart failure, his

clinical condition did not improve and he died of advanced heart
failure at 2 years of age.

Case 2

The second sibling, a female, was born when the proband (Case
1) was 21 months old. Echocardiography in the neonatal period
showed bi-ventricular trabeculations in posterior wall, lateral wall,
apical segments, and right ventricle (Fig. 1C, Supplementary Video
S1a, b) and a depressed LVEF of 38%. She was diagnosed with
isolated bi-ventricular noncompaction and gradually developed
restrictive hemodynamics. E-wave deceleration time at the
transmitral level was short (77 msec) with a high E/A ratio (2.2)
(Fig. 1D), the ratio of early transmitral velocity to tissue Doppler
lateral and septal mitral annular early diastolic velocity (E/e’) were
12.2 and 18.6, suggesting restrictive physiology, when she was
9 months old. Her parents hoped to pursue heart transplantation.
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She underwent cardiac catheterization at 3 years 3 months of age.
Ventriculography showed a sponge-like layer in both ventricles
(Supplementary Video S2a, S2b). Left ventricular systolic pressure
and end-diastolic pressure were 64 mmHg and 15 mmHg, respec-
tively. Pulmonary artery pressures were elevated (systolic/diastol-
ic/mean pressure: 58/27/40 mmHg). Mean pulmonary capillary
wedge pressure and right atrial pressure were 20 and 9 mmHg,
respectively. Pulmonary vascular resistance was 8.6 Wood
Unit m?. She received medication for heart failure as an outpatient,
including diuretics, an angiotensin-converting enzyme inhibitor, a
B-adrenergic blocker, and aspirin. However, when she was 4 years
old, she suddenly went into cardiac arrest. Echocardiography
revealed low echoic lesions in the right atrial and right ventricle,
suggesting a thrombotic cause of cardiac arrest. She was
resuscitated but developed hypoxic ischemic encephalopathy,
which made her ineligible for heart transplantation. When she was
7 years old, she died of advanced heart failure.

Case 3

The youngest sibling, a female, was born when Case 2 was
2 years 4 months old. Echocardiography in the neonatal period
showed bi-ventricular trabeculations in posterior wall, lateral wall,
apical segments, and right ventricle (Fig. 1E, F) and a depressed
LVEF of 35%. She was diagnosed with isolated bi-ventricular
noncompaction and gradually developed restrictive hemodynam-
ics. Her heart failure rapidly progressed, and she died of advanced
heart failure at 12 months of age. An autopsy was performed with
her parents’ consent. Grossly, both ventricles showed coarse

trabeculations (Fig. 2A, B). Microscopic examination revealed
anastomosing endocardial trabeculations with thickened endocar-
dial fibrosis accompanied by insufficient formation of cardiac
muscle wall (Fig. 2C, D).

Molecular studies

After informed consent was obtained, genetic analysis of the
three siblings was performed. Due to lack of consent, genetic
analysis was not performed on the parents. Targeted resequencing
was performed using TruSight One sequencing panels (Illumina,
San Diego, CA, USA), which included 4813 genes associated with
various clinical phenotypes. Variants identified by resequencing
were annotated and filtered by VariantStudio (ver 2.2.1, lllumina)
(details are included in the Supplementary Text S1). The missense
mutation ¢.5740G>A, p.Glu1914Lys (NM_000257.3) in exon 39 of
MYH?7 was identified by NGS in all three siblings (Fig. 3).

Discussion

To date, various genetic causes of NVM have been identified.
Mutations in sarcomere genes have been identified in isolated
NVM cases [3]. The MYH7 gene localizes to chromosome 14p12 and
encodes a myosin heavy chain beta isoform expressed primarily in
cardiac muscle. MHY7 dysfunction has been shown to cause
dilated, hypertrophic, and restrictive cardiomyopathies and/or
NVM. In this study, we identified the missense mutation
€.5740G>A, p.Glu1914Lys of MYH7 by NGS in three infant siblings

(A, B) Macroscopic examination revealed bi-ventricular coarse trabeculations. (C, D) Microscopic examination in low magnification revealed anastomosing
|37:8 Ml endocardial trabeculations with thickened endocardial fibrosis accompanied by insufficient formation of cardiac muscle wall.
LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; Ao, aorta; PA, pulmonary artery.
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Locations of the confirmed mutations on the noncompaction of the
ventricular myocardium pedigree. Affected individuals are denoted by
filled symbols and capillary sequence traces of the MYH7 variants are
shown.

Fig. 3.

with isolated bi-ventricular noncompaction presenting with
restrictive hemodynamics and severe clinical courses.

The clinical course of NVM can vary greatly, from asymptomatic
to progressive deterioration in cardiac function [1]. Previous
reports noted that NVM patients usually present with decreased
LVEF, similar to DCM [2]. On the other hand, NVM patients such as
the three current cases, with restrictive hemodynamics, infantile
onset, and cardiac dysfunction at initial presentation, have been
reported to have a poor prognosis [4-7]. The current three cases all
carried the same mutation. Lamont et al. reported two cases with
the same MYH7 mutation that we identified [8]. One case had
hypertrophic cardiomyopathy with NVM and the other had DCM.
The former case required heart transplantation at 3.5 years of age.
This report, together with our experience, suggests that the MYH7
mutation is associated with a severe phenotype and poor
prognosis. Early heart transplantation should be considered in
cases with a similar genotype and/or phenotype.

As with other inherited cardiomyopathies, the clinical presen-
tation of NVM can vary, even within a single family carrying the
same mutation. Xing et al. suggested that other factors (environ-
ment, modifier genes, etc.) might affect the clinical presentation
[9]. In addition, only a few causative genetic mutations have been
identified, compared to the relatively high number of familial

cases, suggesting the presence of other, as yet unidentified,
causative genes [1]. No clear NVM genotype-phenotype correla-
tions have been found to predict the clinical course. Furthermore,
in our cases, since all three siblings had the same heterozygous
mutation, we suspect that the mutation occurred during the
developmental stage in one of their parents’ germ cell lines.

In conclusion, we identified the missense mutation c.5740G>A,
p.Glu1914Lys of MYH7 by NGS in three infant siblings with isolated
bi-ventricular noncompaction who presented with restrictive
hemodynamics and severe symptoms. This mutation appears to
be associated with a severe phenotype and poor prognosis. Early
heart transplantation should be considered in similar cases.
Further genetic testing will help elucidate genotype-phenotype
correlations in patients with cardiomyopathy.
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Appendix A. Supplementary data

Supplementary material related to this article can be found, in
the online version, at doi:https://doi.org/10.1016/j.jccase.2018.12.
017.
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