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Short report

Childhood-onset hypertrophic cardiomyopathy
caused by thin-filament sarcomeric variants

Gabrielle Norrish
Juan Pablo Kaski @ "2

ABSTRACT

Up to 20% of children with sarcomeric hypertrophic
cardiomyopathy (HCM) have disease-causing variants in
genes coding for thin-filament proteins. However, data
on genotype-phenotype correlations for thin-filament
disease are limited. This study describes the natural
history and outcomes of children with thin-filament-
associated HCM and compares it to thick-filament-
associated disease.

Longitudinal data were collected from 40 children under
18 years with a disease-causing variant in a thin-
filament protein from a single quaternary referral centre.
Twenty-one (female n=6, 35.5%) were diagnosed with
HCM at a median age of 13.0 years (IQR 8.3-14.0).
Over a median follow-up of 5.0 years (IQR 4.0-8.5),
three (14.3%) experienced one or more major adverse
cardiac events (MACE) (two patients had an out-of-
hospital arrest and eight appropriate implantable cardiac
defibrillator (ICD) therapies in three patients). One

gene carrier died suddenly at age 9 years. Compared
with those with thick-filament disease, children with
thin-filament variants more commonly experienced non-
sustained ventricular tachycardia [NSVT, n=6 (28.6%)
vs n=14 (10.8%), p=0.024] or underwent ICD insertion
(thin, n=13 (61.9%) vs thick, n=50 (38.5%), p=0.040).
However, there was no difference in the incidence of
MACE (thin 2.47/100 pt years (95% Cl 0.80 to 7.66)

vs thick 3.63/100 pt years (95% Cl 2.25 to 5.84)) or an
arrhythmic event (thin 1.65/100 pt years (95% CI 0.41 to
6.58) vs thick 2.55/100 pt years (95% CI 1.45 to 4.43),
p value 0.43).

This study suggests that adverse events in thin-filament
disease are predominantly arrhythmic and may occur

in the absence of hypertrophy, but overall short-term
outcomes do not differ significantly from thick-filament
disease.

Up to 15%-20% of children with sarcomeric
hypertrophic cardiomyopathy (HCM) have disease-
causing variants in genes coding for thin-filament
proteins.’ Initial studies in adults with HCM have
suggested that thin-filament disease may be associ-
ated with an increased risk of malignant ventricular
arrhythmias in the absence of severe hypertrophy.”*
However, subsequent studies have suggested a more
variable phenotype, in keeping with that observed
in sarcomeric HCM more broadly.* In children,
data on genotype-phenotype correlations for thin-
filament disease are limited.?* This study describes
the natural history and outcomes of children with
thin-filament-associated HCM and compares it
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to previously reported cohorts of thick-filament-
associated disease.®”

Forty children (from 33 families) at our centre
aged <18 years with a disease-causing variant
in a thin-filament protein were included (online
supplemental table 1). Variant pathogenicity was
classified according to the American College of
Medical Genetics (ACMG) guidelines.® Of these, 21
(female n=6, 35.3%) were diagnosed with HCM
at a median age of 13.0 years (IQR 8.3-14.0); 2
(10%) were diagnosed in infancy. Six (35.3%)
were probands, 12 (70.6%) had a family history of
HCM and 6 (37.5%) had a family history of sudden
cardiac death (SCD). Nine patients (42.9%) were
symptomatic at baseline (chest pain n=35, 23.8%;
dyspnoea n=35, 23.8%; palpitations n=6, 28.6%;
syncope/pre-syncope n=1, 4.8%; New York Heart
Association (NYHA) >1 n=2, 9.5%). One patient,
with an additional variant of unknown significance
variant in ACTC1, had left ventricular outflow
tract obstruction. Eight patients (38.0%) under-
went cMRI within 1 year of baseline assessment,
of whom six (75.0%) had late gadolinium enhance-
ment (LGE). Thirteen (68.4%) of gene carriers had
a ¢ctMRI, of whom none had LGE detected. Three
patients (15.8%) had NSVT (defined as three or
more consecutive ventricular beats at a rate of
greater than 120 beats/min with a duration of less
than 30s on ambulatory ECG monitoring) detected
on initial ambulatory ECG. Seven patients (33.3%)
had ‘complex’ genotypes with an additional variant
of interest identified in other genes previously asso-
ciated with inherited heart muscle disease. Patients
with an additional variant were more likely to be
diagnosed in infancy (n=2vs n=0, p=0.042) but
did not otherwise differ (online supplemental table
2).

Patients were followed up for a median of 5.0
years (IQR 4.0-8.5 years). Median age at last
review was 18.0 years (IQR 15.0-20.0). During
follow-up, 6 patients (33.3%) had NSVT detected
on ECG monitoring, 13 (61.9%) underwent ICD
implantation (11 (84.6%) for primary prevention)
and 1 (4.8%) underwent surgical myectomy at age
2 years.

Three patients (14.3%) experienced one or more
major cardiac events (MACE), all of which were
arrhythmic; one patient presented with out-of-
hospital arrest (OOHA) and had an ICD inserted
for secondary prevention with one subsequent
appropriate ICD therapy; one patient experienced
an OOHA and had an ICD inserted for secondary
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Table 1 Comparison of characteristics of patients with thin and thick filament variants
Thin filament Thick filament
(n=21) (n=130)°7 P value
Age at diagnosis (median) 13.0 (IQR 8.3-14.0) 10.6 (IQR 5.0-14.1) 0.361
Symptoms at baseline 9 (43.9%) 51 (39.2%) 0.753
Medication at baseline 10 (47.6%) 48 (36.9%) 0.350
Baseline echocardiogram
LVOT gradient =30 mm Hg 1 (4.8%) 18 (13.8%) 0.244
Median LVOT gradient (mm Hg) 6.0 (IQR 5.0-10.0) 8.0 (IQR 5.0-14.5) 0.257
MLVWT (median, IQR) at baseline 15.0 (IQR 9.5-25.5) 15.5 (IQR 11.0-23.) 0.864
MLVWT Z-score (median, IQR) at baseline 7.6 (IQR 1.5-16.7) 9.6 (IQR 5.3-15.9) 0.227
LA diameter, mm (mean+SD) at baseline 28.7+9.3 32.1+8.0 0.390
LA Z-score (mean=SD) at baseline -0.3+3.0 1.6+2.1 0.035
Outcomes
Median age at last follow-up 18.0 (IQR 15.0-20.0) 15.8 (IQR 11.4-17.4) 0.009
ICD insertion 13 (61.9%) 50 (38.5%) 0.043
Myectomy 1 (4.8%) 9 (6.9%) 0.712
OOHCA 2 (9.5%) 8 (6.2%) 0.564
NSVT on ambulatory ECG 6 (28.6%) 14(10.8%) 0.026
MACE 3 (14.3%) 18 (13.8%) 0.957
Death 0 8(6.2%) 0.243
Cardiac transplantation 0 5 (3.8%) 0.361

ICD, implantable cardiac defibrillator; LA, left atrium; LVOT, left ventricular outflow tract; MACE, major adverse cardiac events; MLVWT, maximal left ventricular wall thickness;

NSVT, non-sustained ventricular tachycardia; OOHCA, out-of-hospital arrest .

prevention with three subsequent appropriate ICD therapies;
and one patient with a primary prevention ICD had four appro-
priate ICD therapies over follow-up. No patients with a pheno-
type of HCM died or underwent cardiac transplantation but one
gene carrier (predictively tested for TNNT2 variant) without
LVH and a normal 12 lead ECG died suddenly at age 9 years.
This patient had not had ¢cMRI previously. No differences were
identified in the clinical phenotype between those who experi-
enced a MACE and those that did not.

Table 1compares this cohort with previously published thick
filament-related HCM (MYH7 n=68, MYBPC3 n=62).° "7
Patients with thin-filament disease were older at last follow-up
and had smaller left atrial Z scores. There was no difference in
the incidence of MACE (thin filament 2.47/100 pt years (95% CI
0.80 to 7.66) vs thick filament 3.63/100 pt years (95%CI
2.25 to 5.84)) or an arrhythmic event (thin filament 1.65/100
pt years (95%CI 0.41 to 6.58) vs thick filament 2.55/100 pt
years (95%CI 1.45 to 4.48), p value 0.43). However, children
with thin-filament variants more commonly experienced NSVT
(n=6 (28.6%) vs n=14 (10.8%), p=0.024) and underwent ICD
insertion (n=13 (61.9%) vs n=50 (38.5%), p=0.040) during
follow-up.

In this single-centre cohort of children with HCM caused
by thin-filament sarcomeric variants, there was a relatively
high burden of symptoms, prevalence of NSVT on ambulatory
monitoring and ICD implantation during follow-up. Although
no patients with a phenotype of HCM died, three patients
(almost one in six) experienced recurrent malignant ventricular
arrhythmias and one gene carrier (TNNT2) with no evidence
of LV hypertrophy died suddenly. Death occurring in gene
carriers with no echocardiographic evidence of HCM has been
reported by other studies, but due to the low frequency of such
events, it is difficult to determine their risk. Future studies to
investigate the arrhythmic burden of thin-filament gene carriers
would be useful. Interestingly, no patients experienced any
other adverse outcomes (death due to heart failure or cardiac

transplantation) and only one required a myectomy—outcomes
that are more frequently reported in larger unselected childhood
cohorts.” ' Arrhythmic events are the most common cause of
mortality during childhood, but heart failure and arrhythmic
events have been described to be more common from the second
decade onwards.'’ Longer term follow-up studies of those with
thin-filament-associated disease would be helpful to deter-
mine the natural history of this patient group. Children with
thin-filament variants more commonly underwent ICD inser-
tion when compared with children with thick-filament vari-
ants, which is likely due to perceived high risk for malignant
arrhythmias secondary to higher rates of NSVT detected during
follow-up but could also be partly explained by an older age at
last follow-up in the thin-filament group. NSVT is recognised to
be a risk factor for sudden death in childhood HCM'' but the
incidence of arrhythmic events or MACE in this study did not
differ significantly between the groups. These data could suggest
that the prognostic significance of NSVT could vary by geno-
type but our ability to detect a difference may also have been
limited by small sample size as evidenced by the wide reported
ClIs representing uncertainty in the estimates. Our data suggest
that adverse events over short-term follow-up in thin-filament
disease are predominantly arrhythmic and could potentially
occur in the absence of hypertrophy, but overall do not differ
significantly from thick-filament disease.
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