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Left ventricular noncompaction (LVNC) is postulated to be caused by an arrest of
the normal process of intrauterine endomyocardial morphogenesis. LVNC can occur
from the fetal period to the adulthood. LVNC has since been classified as a primary
genetic cardiomyopathy, but the natural history and genetic basis are not fully
evaluated. So, in this study, we clarified the genetic background and analyzed the
largest series of patients with LVNC via nationwide surveys, and compared the clini
cal features and the long-term prognosis over 20 years between infantile and juvenile
cases of LVNC.

Methods.

We conducted follow-up nationwide surveys to elucidate the clinical features and the
prognosis of LVNC in Japanese children who had been identified in 1996-2015. The
clinical features and anatomical properties of infantile cases of LVNC (age at present
ation< 1 years: 108 cases, infantile type) were compared with juvenile cases (age at
presentation 1-15 years: 97 cases, juvenile type). Echocardiographic data included left
ventricular end-diastolic dimensions (LVDD); LV ejection fraction (LVEF); and the
distribution and depth of prominent trabeculations in the left ventricle. N/C
(noncompacted to compacted layer) ratios were measured in 5 wall segments of the
left ventricle at end-diastole: 4 wall segments of the anterior, lateral, posterior walls,
interventricular septum at the levels of papillary muscles in the short axis view, and
one wall segment at apex in the long axis view. The thickness of compacted layer
in LVPW (LVPWC) and LVDD were expressed as Z scores based on body surface
area. We also compared the correlation between different echocardiographic parameter
and LVEF.

On the genetic side, we targeted and sequenced 102 unrelated LVNC patients
using next generation sequencing (NGS). NGS was performed using an lonPGM syst
em strategy which included a total of 73 cardiac disorder-related genes associated wi
th cardiomyopathies and channelopathies.

Results.

Clinical features.

Most patients in the infantile type had clinical signs or symptoms of heart failure at
initial presentation (60%), the majority of juvenile (56%) cases

were asymptomatic and identified only when screened for cardiac abnormalities. The
number of patients with heart failure requiring hospitalization was significantly higher
in the infantile type than that in the juvenile type (72% vs.30%, p<0.0001).
Echocardiographic findings.

Reduced LVEF at initial presentation was significantly more common in the infantile

“type than in the juvenile type. 56% of the patients in the infantile type had an



'LVEF less than 50%. The maximum N/C ratio was observed at the apex, N/C ratio |
=2.0 in all patients, followed by the posterior wall, lateral wall, interventricular
septum, and anterior wall. The N/C ratio of the posterior wall and apex, and the me
an N/C of five segments were lower in the infantile type. There were no significant
differences in noncompaction scores, LVPWC and LVDD Z-scores between the two
types. LVPWC and LVDD Z-scores showed a moderate but significant correlation
with LVEF. In the group of LVPWC Z-scores less than -1.5, LVEF were
significantly lower than that in the group with LVPWC Z-scores greater than -1.5
(43.9+4.1 vs 55.0+ 2.6%, p=0.02). There was not a significant correlation between
mean N/C ratio of 5 segments, noncompaction score, N/C ratio of posterior wall and
LVEF.
Prognosis and risk factors.
Survival analysis showed worse prognosis over the shorter term in the infantile type,
the survival rate was similarly poor for both types after two decades. However,
congestive heart failure at diagnosis was a significant risk factor for survival free of
death, heart transplantation (HT) or implantable cardioverter-defibrillator (1CD)
insertion. In the infantile type, event free rates were 80% at 5 years, 73% at 10
years, 64% at 15 years and 63% at 20 years after presentation. In contrast, in the
juvenile type group the event free rate was 91% at 5 years, and decreased gradually
to 81% at 15 years and 61% ultimately similar to the infantile type group at 20
years. Lower LVPWC Z-score was found to be the most significant risk factor for
infantile type while decreased LVEF was for juvenile type. The multivariable
proportional hazards model including echocardiographic parameter showed that
congestive heart failure at diagnosis and lower LVPWC Z-score were independent
risk factors for death, HT or ICD insertion but not age onset.
Genetic analysis.
102 patients had blood samples. Next generation sequencing of the 102 patients
yielded 540830 + 11986 sequence reads per person; the mean read length per
sample was 163.6 + 1.1bp; the mean depth of base coverage was 247.0 £ 5.8 reads;
95.23% had more than 10-fold coverage, 92.5% had more than 20-fold coverage.
There were 45 pathogenic variants; 41 were missense, 1 deletion, 1 nonsense, and 2
splice site variants. Sarcomere gene variants accounted for 60%, while variants in
genes associated with channelopathies accounted for 13%. Overall, MYH7 was most
commonly mutated (n=19, 42%), followed by TAZ (n=6, 13%), ANK2 (n=3, 7%)
and SGCD (n=2). There was only one pathogenic variant in each of MYBPC3,
TNNC1, LMNA, KCNH2, KCNE3, JUP, HCN4, BMPR1A and TBX5.
Conclusions.
A nationwide survey over 20 years of patients with LVNC revealed poor prognosis



both in infantile and juvenile types after two decades; therefore, on-going follow-up
is recommended into adulthood. Heart failure at diagnosis and hypoplasia of the
compacted layer of the LV wall are the major determinants of poor prognosis.
Although N/C ratio is a useful criterion for diagnosis of LVNC, it may be not
assessment predictor of severity of LVNC and cannot predict prognosis. NGS
revealed a wide spectrum of genetic variations and a high incidence of pathogenic
variants in LVNC patients.
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