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BACKGROUND: Although genetic variants in MYH7 are the most frequent cause of pediatric genetic dilated cardiomyopathy 
(DCM), there are no studies available describing this entity. We sought to describe clinical features, analyze variant location, 
and explore predictors of bad prognosis in pediatric MYH7-related DCM.

METHODS AND RESULTS: We evaluated clinical records from 44 patients (24 men; median age at diagnosis, 0.54 [interquartile 
range, 0.01–10.8] years) with pathogenic/likely pathogenic variants in MYH7 diagnosed with DCM at pediatric age (<18 years) 
followed at 13 international centers. We also explored risk factors associated with a composite end point of end-stage heart 
failure defined as heart transplantation or heart failure–related death. Twenty-two patients (50%) were diagnosed at age 
<6 months, including 7 (16%) at birth. Left ventricular (LV) hypertrabeculation features were present in 15 (38%), particularly 
among patients with genetic variants in the head domain. After a median follow-up of 6.1 years (interquartile range, 1.9–13.4), 
15 patients (36%) required a heart transplant (n=14) or died due to end-stage heart failure (n=1), 15 patients (36%) persisted 
with systolic dysfunction despite treatment, 12 (29%) had a significant increase in LV ejection fraction, and 2 were lost to 
follow-up. Overall, end-stage heart failure event rate was 25% at 5 years. New York Heart Association class III to IV (hazard 
ratio [HR], 7.67 [95% CI, 2.16–27.2]; P=0.002) and LV ejection fraction ≤35% (HR, 4.00 [95% CI, 1.11–14.4]; P=0.03) were the 
best predictors of bad prognosis.

CONCLUSIONS: Pediatric MYH7-related DCM is characterized by early onset, frequent LV hypertrabeculation, and poor progno-
sis. Advanced New York Heart Association class and low LV ejection fraction emerged as predictors of end-stage heart failure.
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Dilated cardiomyopathy (DCM) is a heterogeneous 
disease defined by left ventricular (LV) systolic 
dysfunction that can be caused by toxic sub-

stances, infectious agents, inflammation, genetic ab-
normalities, or an intertwinement of these factors.1–3 
During the past decade, genes have been in the 

spotlight providing valuable information about specific 
subtypes of DCM, leading the transition to a more per-
sonalized approach.4,5

Although DCM is predominantly an adult-onset dis-
ease, there is a significant proportion of patients that 
are diagnosed at pediatric age, mostly during infancy.6 
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Moreover, DCM in children exhibits worse outcomes 
compared with adults with a high incidence of heart 
transplantation (HT) and death.7,8 Recent series have 
shown that 30% to 37% of pediatric DCM is caused 
by gene variants in multiple genes but with a clear pre-
dominance of genes coding for sarcomeric proteins, 
including MYH7, TTN, and TNNT2.9–11

MYH7 encodes for β-myosin heavy chain, a key 
component of the cardiac sarcomere, and has been 
reported to be the most frequently affected gene 
in pediatric DCM in the 2 largest cohorts of pedi-
atric DCM cases genotyped to date, representing 
21% to 25% of cases with pathogenic variants.10,11 
MYH7-related DCM features have been recently de-
scribed in an international DCM collaboration and 
include frequent presence of hypertrabeculation 
features, poor response to medical treatment, and 
the predominance of heart failure (HF)-related events 
over ventricular arrhythmias that are relatively infre-
quent and limited to patients with severe systolic 
dysfunction. In addition, a significant proportion of 

pediatric-onset cases were described.12,13 Despite 
the prominent role of MYH7-associated DCM in 
pediatric DCM, there have not been specific stud-
ies describing the natural history and clinical char-
acteristics of MYH7-associated DCM in children. 
Moreover, clinical predictors of bad prognosis in this 
population are unknown.

The aim of the present study was to describe 
phenotypic characteristics and prognosis of MYH7-
related pediatric DCM. In addition, we sought to 
explore specific gene hotspots associated with this 
entity and to analyze possible predictors of bad out-
comes that could improve clinical management of 
these patients.

METHODS
Study Population
Inherited cardiac disease units and cardiomyopathy 
clinics in Europe and the United States were invited 
to participate in this longitudinal retrospective cohort 
study. The cohort comprised pediatric patients (aged 
<18 years at time of DCM diagnosis) with DCM de-
fined as LV ejection fraction (LVEF) ≤50% in patients 
with the absence of myocarditis, metabolic disorders, 
or complex congenital heart defects and who carried 
a pathogenic or likely pathogenic variant in MYH7. 
Patients with a previous diagnosis of hypertrophic 
cardiomyopathy (HCM) or family history of HCM were 
excluded to avoid possible inclusion of patients with 
end-stage HCM. In addition, patients with MYH7 vari-
ants predominantly associated with HCM phenotype 
or with concomitant pathogenic or likely pathogenic 
variants in other genes related to cardiomyopathies 
were excluded.

The study was approved by the Hospital Universitario 
Puerta de Hierro ethics committee and conformed to 
the principles of the Helsinki Declaration; written in-
formed consent was waived by the committee. The 
authors from each participating center guarantee the 
integrity of data. The data that support the findings of 
this study are available from the corresponding author 
upon reasonable request.

Genetic Testing and Interpretation
Genetic testing was performed at participating cent-
ers or at accredited genetic laboratories. Genetic 
variant interpretation was centrally curated following 
American College of Medical Genetics and Genomics/
Association for Molecular Pathology guidelines 
adapted for MYH7.14

Pathogenic and likely pathogenic variants were 
grouped according to the 3 main domains of β-myosin 
heavy chain using transcript NM_000257.4: globu-
lar head (S1) containing ATP- and actin-binding sites 

CLINICAL PERSPECTIVE

What Is New?
•	 Pediatric MYH7-related dilated cardiomyopa-

thy is a condition characterized by early onset, 
frequent left ventricular hypertrabeculation, and 
poor prognosis in terms of advanced heart 
failure.

What Are the Clinical Implications?
•	 Relatives of patients with MYH7-related dilated 

cardiomyopathy who are potential carriers 
would benefit from early clinical and genetic 
screening.

•	 Cases identified during childhood might benefit 
from early referral to tertiary centers with pediat-
ric heart transplantation programs, especially in 
the presence of advanced functional class (New 
York Heart Association III–IV).

Nonstandard Abbreviations and Acronyms

DCM	 dilated cardiomyopathy
ESHF	 end-stage heart failure
HCM	 hypertrophic cardiomyopathy
HT	 heart transplantation
LVRR	 left ventricular reverse remodeling
NYHA	 New York Heart Association
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and a lever domain (amino acids 1–847); neck region 
(S2) (amino acids 848–1216); and an α helical tail also 
known as light meromyosin (amino acids 1217–1936).15 
Distribution according to head subdomains were also 
analyzed including ATP-binding site (amino acids 130–
260) and actin-binding site (amino acids 385–515 and 
577–611).16

Data Acquisition
Data were retrieved and anonymized by each center 
from medical records. The data set included de-
mographics, family history, signs, symptoms, and 
treatment at first evaluation. Complementary tests 
including ECG, Holter ECG, echocardiography, and 
cardiac magnetic resonance (when performed), 
both at first and last evaluation, were also included. 
Echocardiographic measurements were indexed as Z 
scores on the basis of the Boston Children’s Hospital 
calculator (www.​zscore.​chbos​ton.​org). For patients 
with missing height or weight values (n=9), weight and 
height were imputed on the basis of standard esti-
mations based on age and sex.17 LV hypertrabecula-
tion was defined according to Jenni criteria.18 Patients 
whose available complementary tests were beyond 
the age of 18 were excluded from baseline character-
istics analysis.

Events during follow-up included device implanta-
tion, atrial fibrillation, ventricular arrhythmias, implant-
able cardioverter-defibrillator therapies for ventricular 
arrhythmias, HF admission, LV assist device implanta-
tion, HT, and death.

Study End Points
End-stage heart failure (ESHF) was defined as HT 
or HF-related death and used as a combined end 
point of bad prognosis. Association between base-
line characteristics and ESHF was analyzed to iden-
tify clinical predictors of bad prognosis. LV reverse 
remodeling (LVRR) was defined as either LV nor-
malization (LVEF improvement to ≥50% with a ≥5% 
LVEF increment at the last follow-up) or an absolute 
increase in LVEF by ≥10% at the last follow-up from 
baseline, as previously described.19 Clinical status at 
last follow-up was categorized in 3 groups: HT/death, 
LVRR, and persistent dysfunction for those alive not 
meeting LVRR criteria.

Statistical Analysis
Results are presented as mean±SD for continuous 
variables and as number and percentage for categori-
cal variables. Student’s t test and ANOVA tests were 
used to compare continuous variables with normal dis-
tribution assessed by the Shapiro–Wilk test, whereas 
nonparametric Wilcoxon rank-sum or Kruskal–Wallis 

tests were applied for those not meeting normal distri-
bution. Categorical variables were compared between 
groups with the parametric χ2 test or nonparametric 
Fisher’s exact test. Cumulative incidence with Kaplan–
Meier curves were used to describe ESHF events, and 
follow-up was censored at the time of HT. Patients who 
were evaluated only once at participating centers and 
lost to follow-up were excluded from transplant-free 
survival analysis. Cox proportional hazard regression 
was performed to assess the association between 
baseline characteristics and ESHF in univariate analy-
sis. Continuous variables that were statistically sig-
nificant were dichotomized on the basis of sample 
distribution (median). Discriminatory capacity was 
estimated by Harrell’s C-statistic among predictors. 
Multivariable analysis was discarded due to a limited 
sample size. STATA software version 15.1 (StataCorp, 
College Station, TX) was used for statistical analysis. 
A 2-tailed P value <0.05 was considered statistically 
significant.

RESULTS
Information regarding 71 patients was submitted from 
13 centers. The flowchart for patient selection is dis-
played in Figure  1 (Figure  S1). A total of 7 patients 
were excluded for various reasons: 2 had been pre-
viously diagnosed with HCM, 2 had an intrauterine 
fetal death, 1 had family history of HCM, 1 did not 
have appropriate clinical information, and 1 exhibited 
a concomitant pathogenic gene variant (2q31.1 dele-
tion and a LOXDH1 likely pathogenic variant). In addi-
tion, 2 patients were excluded because they carried 
MYH7 variants that were predominantly associated 
with HCM. Finally, variant classification of the remain-
ing 62 patients identified 18 patients with variants clas-
sified as variants of unknown significance. Therefore, 
the final cohort included 44 patients encompassing 33 
independent families. Twenty-five patients (57%) were 
probands, and the rest (n=19 [43%]) were relatives 
diagnosed through cascade screening. Regarding 
country of origin, 26 patients (59%) were followed up 
in European centers, whereas 18 (41%) were from US 
centers.

Age of DCM Onset
Figure  2 portrays distribution of patients accord-
ing to age of DCM onset and shows that 22 patients 
(50%) were diagnosed during the first 6 months of 
life, whereas 50% of patients were diagnosed during 
pediatric age with a balanced distribution across age 
groups. Of particular clinical interest is the fact that 7 
patients (16%) were diagnosed immediately at birth 
or, in 1 case, in utero during fetal echocardiographic 
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assessment. The year of diagnosis ranged from 1993 
to 2021 in our cohort, with 1 outlier that was diagnosed 
in 1976.

Clinical Characteristics
Baseline characteristics at pediatric age were avail-
able for 41 patients, as 3 patients were initially di-
agnosed with DCM at age <18 years but were first 
assessed at participating centers after age 18 years. 
Overall, 27 individuals (66%) exhibited a family his-
tory of DCM. Although mean age at first evaluation 
was 5.3 years, the median age was 0.6 (interquartile 
range, 0.1–12.5). Of note, 13 patients (32%) were in 
New York Heart Association (NYHA) class IV at first 
evaluation. Overall, atrial fibrillation, intraventricular 
conduction disturbances, and frequent ventricular 
paroxysmal beats were uncommon (Table 1). In con-
trast, mean LVEF was 33.9±12.1%, with 19 patients 
(48%) showing LVEF ≤35% and 15 patients (38%) 
displaying concomitant hypertrabeculation fea-
tures, respectively. Late gadolinium enhancement 
was found in 2 cases (17%) among the 12 patients 

assessed with cardiac magnetic resonance. Late 
gadolinium enhancement patterns were described 
as subendocardial in the septum and papillary mus-
cles and as subepicardial in the inferior segment 
combined with subendocardial in the anterior seg-
ments. Concomitant skeletal muscle disease defined 
as Laing distal muscular dystrophy was present only 
in 1 patient (p.Glu1508del).

Mode of Onset and Clinical Course
Figure 3 summarizes mode of onset and clinical course. 
Twelve patients (27%) had a cardiogenic shock as a 
first manifestation of the disease, while 18 (41%) were 
diagnosed incidentally in absence of symptoms (n=3) 
or family screening (n=15). Among patients admitted 
due to cardiogenic shock, 3 received an HT during 
admission, and 1 died due to refractory HF. Overall 
median follow-up was 6.1 years (interquartile range, 
1.9–13.4). Follow-up information was not available for 
2 individuals.

Regarding medical treatment, 34 subjects (94%) 
received angiotensin-converting enzyme inhibitors, 

Figure 1.  Variant location in MYH7 transcript.
The figure displays the location of variants included in this cohort, its domains within myosin (S1, S2, LMM) and its subdomains 
(ATPBS, ActinBS and Ring 1). S1: globular head (amino acids 1–847); S2: neck region (amino acids 848–1216); light meromyosin (amino 
acids 1217–1936); ATP-binding site (amino acids 130–260); actin-binding site (amino acids 385–515 and 577–611); Ring 1 (amino acids 
894–907).

D
ow

nloaded from
 http://ahajournals.org by on January 27, 2026



J Am Heart Assoc. 2024;13:e036208. DOI: 10.1161/JAHA.124.036208� 5

de Frutos et al� MYH7-Related DCM in Children

13 (36%) β blockers, 14 (39%) mineralocorticoid re-
ceptor antagonist, and 8 (22%) digoxin. During fol-
low-up, 11 additional patients required an HT, and 
median age at HT was 8.0 years (interquartile range, 
0.9–16.6). On the other side of the spectrum, 12 pa-
tients (29%) had a significant LVRR at last follow-up. 
Finally, 15 patients (36%) remained with persistent 
systolic dysfunction, although they were in NYHA 
class I (n=13) or NYHA class II (n=2), and none re-
quired further HF admissions. Regarding other rel-
evant clinical events, 3 patients (8%) presented de 
novo atrial fibrillation during follow-up, only 1 pa-
tient had a sustained ventricular tachycardia in the 
context of cardiogenic shock, and 2 received an 
implantable cardioverter-defibrillator in primary pre-
vention but have not required therapies or shocks 
during follow-up. No episodes of sudden cardiac 
death have been registered.

ESHF Predictors
Overall, 15 patients had an ESHF event during follow-
up, 14 underwent HT, and 1 died due to refractory HF. 
The event rate from diagnosis was 25.3% at 5 years 
(Figure 4). Table 2 displays univariate analysis results 
of predictors of a bad prognosis. Presentation as 
cardiogenic shock (hazard ratio [HR], 13.3 [95% CI, 
1.65–106.5]; P=0.02), NYHA class III to IV (HR, 7.67 
[95% CI, 2.16–27.2]; P=0.002), treatment with a min-
eralocorticoid receptor antagonist (HR, 3.81 [95% CI, 
1.17–12.4]; P=0.03), and LVEF ≤35% (HR, 4.00 [95% 

CI, 1.11–14.4]; P=0.03) were all significantly associ-
ated with a worse prognosis. Although all predic-
tors showed a remarkable discriminatory capacity, 
NYHA showed the highest Harrell’s C-statistic (0.787 
[95% CI, 0.701–0.873]) among categorical variables. 
Figure  5 displays the Kaplan–Meier curve for ESHF 
according to the NYHA at first evaluation. Patients in 
NYHA class III to IV had a 41.2% (95% CI, 22.2–67.5) 
event rate at 2 years and 58.8% (95% CI, 37.4–81.4) 
event rate at 5 years. Mineralocorticoid receptor an-
tagonist treatment was significantly associated with 
severe systolic dysfunction (LVEF ≤35%, 57.9% ver-
sus LVEF >35%, 23.8%; P=0.05), which suggests 
it might act as a confounding factor. Other relevant 
variables including age at DCM diagnosis, sex, year 
of diagnosis, or variant location were not significantly 
associated with ESHF. Multivariable analysis was not 
performed due to the limited sample size and number 
of events.

Variant Location
The variant location across MYH7 from the patients 
included in the study is shown in Figure 1. Criteria ap-
plied for classification of variants and variants included 
in the study are provided in Data S1 and Tables S1 and 
S2. Most patients (n=28 [63.6%]) carried variants in the 
head domain (S1), followed by S2 (n=9 [20.5%]) and 
light meromyosin (n=7 [15.9%]). A closer look at sub-
domain location showed 3 clear clusters in the head 
domain variants encompassing the ATP-binding site, 

Figure 2.  Age at DCM diagnosis.
Half of patients (50% were diagnosed during the first 6 mo of life including 7 patients 
(15.9%) that were diagnosed immediately at birth. DCM indicates dilated cardiomyopathy.
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the actin-binding site, and a third subdomain from po-
sition 525 to 555. All variants located in the S2 domain 
were concentrated in a small region from position 893 
to position 918. In contrast, variants located in the light 
meromyosin region were not clustered in any specific 
region.

When baseline characteristics were compared 
among patients grouped by variant location, hyper-
trabeculation was the only feature that differed across 
groups (P=0.04), showing a clear predominance in pa-
tients with variants in S1 in contrast with light meromyo-
sin (52% versus 0%, P=0.03). Despite the limited sample 

Table 1.  Baseline Characteristics of Patients According to MYH7 Variant Location

Overall (N=41) S1 (n=25) S2 (n=9) LMM (n=7) P value

Age at DCM diagnosis, y 4.7 (6.3) 5.9 (6.8) 2.0 (3.5) 4.0 (6.7) 0.11

Family history, n (%) 27 (65.9) 16 (64.0) 7 (77.8) 4 (57.1) 0.73

Female sex, n (%) 20 (48.8) 14 (56.0) 4 (44.4) 2 (28.6) 0.47

Age first evaluation, y 5.3 (6.6) 6.7 (7.1) 2.2 (3.3) 4.2 (7.0) 0.55

Weight, kg 21.7 (22.6) 25.6 (24.3) 11.8 (10.9) 20.3 (26.2) 0.64

Height, cm 97.7 (49.1) 107.0 (51.8) 78.2 (29.7) 89.5 (55.9) 0.35

Ancestry, n (%) 0.21

European 34 (82.9) 22 (88.0) 5 (55.6) 7 (100)

Asian 1 (2.4) 0 (0) 1 (11.1) 0 (0)

African 1 (2.4) 1 (4.0) 0 (0) 0 (0)

Other/mixed 3 (7.3) 1 (4.0) 2 (22.2) 0 (0)

Not reported 2 (4.9) 1 (4.0) 1 (11.1) 0 (0)

Clinical status, n (%)

NYHA class 0.27

I 19 (46.3) 12 (48.0) 4 (44.4) 3 (42.9)

II 5 (12.2) 5 (20.0) 0 (0.0) 0 (0.0)

III 4 (9.8) 2 (8.0) 0 (0.0) 2 (28.6)

IV 13 (31.7) 6 (24.0) 5 (55.6) 2 (28.6)

Skeletal muscle disease, n (%) 1 (2.4) 0 (0) 0 (0) 1 (14.3) 0.17

Devices, n (%) 0 (0) 0 (0) 0 (0) 0 (0) …

ECG (N=40), n (%)

Atrial fibrillation 2 (5) 2 (8.0) 0 (0) 0 (0) 1

QRS morphology, n (%) 0.79

Narrow 34 (85.0) 21 (84.0) 7 (77.8) 6 (100)

RBBB 1 (2.5) 1 (4.0) 0 (0) 0 (0)

LBBB 1 (2.5) 1 (4.0) 0 (0) 0 (0)

NIVCD 4 (10.0) 2 (8.0) 2 (22.2) 0 (0)

Holter ECG (n=21), n (%)

PVB/24 h 0.81

0 13 (61.9) 7 (53.9) 4 (80.0) 2 (66.7)

1–250 8 (38.1) 6 (46.2) 1 (20.0) 1 (33.3)

>250 0 (0) 0 (0) 0 (0) 0 (0)

NSVT 2 (9.5) 2 (15.4) 0 (0) 0 (0) 1

Echocardiography (N=40), n (%)

LVEF, % 33.9 (12.1) 35.9 (10.6) 29.3 (14.9) 32.3 (13.5) 0.49

LVEDD, mm 40.8 (16.0) 42.3 (17.8) 36.0 (12.3) 41.7 (14.2) 0.73

Z score 3.7 (3.8) 3.1 (4.1) 4.5 (3.8) 5.0 (3.1) 0.47

Hypertrabeculation 15 (37.5) 13 (52.0) 2 (22.2) 0 (0) 0.04

Cardiac magnetic resonance (N=12), n (%)

Late gadolinium enhancement 2 (16.7) 2 (20.0) 0 (0) … 1

DCM indicates dilated cardiomyopathy; HF, heart failure; LBBB, left bundle-branch block; LMM, light meromyosin; LVEDD, left ventricular end-diastolic 
diameter; LVEF, left ventricular ejection fraction; NIVCD, nonspecific intraventricular conduction delay; NSVT, nonsustained ventricular tachycardia; NYHA, New 
York Heart Association; PVB, premature ventricular beats; and RBBB, right bundle-branch block.
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size, some other tendencies were observed. For exam-
ple, patients with variants in S2 had a tendency to have a 
lower age of onset (P=0.11) and more severe symptoms, 
as most patients (n=5 [55.6%]) were in NYHA class IV 

at first evaluation (P=0.27), although not reaching sta-
tistical significance. No differences were found between 
groups with respect to ECG findings, LVEF, LV dimen-
sions, or late gadolinium enhancement presence.

Figure 3.  Mode of onset and clinical course.
At last follow-up, 15 patients (36%) required a heart transplantation (n=14) or died 
(n=1), 15 patients (36%) persisted with systolic dysfunction despite treatment, and 
12 (29%) had a significant increase in left ventricular ejection fraction. ACE indicates 
angiotensin-converting enzyme; DCM, dilated cardiomyopathy; FU, follow-up; HF, heart 
failure; HT, heart transplantation; LVRR, left ventricular reverse remodeling; and MRA, 
mineralocorticoid receptor antagonist. *Asymptomatic includes patients diagnosed due 
to casual finding or in context of family screening.

Figure 4.  Kaplan–Meier curve of incidence of ESHF.
Overall, 15 patients had an ESHF event during follow up, 14 in the form of HT and 1 
as death due to HF. Event rate from diagnosis was established in 25.3% at 5 y. ESHF 
indicates end-stage heart failure.
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DISCUSSION
The present study represents the first cohort to specif-
ically address pediatric MYH7-related DCM, the most 
frequent cause of genetic DCM in childhood. Our re-
sults show an aggregation of variants around relevant 

protein subdomains and a very early age of onset in 
most cases. Phenotypically, LV hypertrabeculation is 
frequently observed, especially in variants located in 
the head domain, while skeletal muscle disease was 
rare. Overall patients had a grim prognosis, with one 
third of patients requiring an HT, whereas only a quarter 
showed LVRR with standard treatment. Furthermore, 
we identified advanced NYHA class and low LVEF as 
good predictors of outcomes that could help clinicians 
in assessing prognosis and to plan therapeutic alterna-
tives in this complicated group of patients where HT/LV 
assist device are frequently not readily available.

Our study shows that variant location in children fol-
lows a similar distribution as in general MYH7-related 
DCM cohorts, as most variants were located in the 
S1 domain. Interestingly, variants were mainly located 
across certain functional subdomains including ATP-
binding site and actin-binding site, with a third clus-
ter between 525 and 555 residues positions. Among 
this last group, the p.Glu525Lys variant is of special 
interest because it was found in 3 independent fam-
ilies and in all cases exhibited an early age of onset 
(median, 1.6 [interquartile range, 1.0–4.3] months) and 
a bad prognosis (all required HT), similar to previous 
cases described.20 Functional studies have demon-
strated that this amino acid is located in a sensitive 
region of the head called the mesa trail that is impli-
cated in the interaction with S2 during a relaxed state 
thanks to electrostatic attraction; this conformation is 
known as interacting heads motif. The substitution of 
a negative amino acid (Glu) for a positive amino acid 
(Lys) would lead to higher attraction in a relaxed state, 
translating into fewer heads available for contraction.21 
Surprisingly for us, a fourth cluster was found in the 
S2 domain that overall represented the most infre-
quent location for pathogenic variant location in the 
overall cohort.12 These variants (p.Ala893Val, p.Ar-
g904Cys, p.Arg904His, p.Lys918Glu) were located 
over a relevant subdomain in S2 named Ring 1 (amino 
acids 894–907) that binds to the head domain during 
interacting heads motif. Remarkably, 3 of the 4 vari-
ants would provoke a change in amino acid charge 
that would disrupt normal electrostatic interaction.21 
Although this subdomain is already encompassed by 
a defined hotspot (amino acids 181–937) for MYH7 
variant interpretation, special attention is warranted for 
clinical interpretation of variants in this region in the 
future, especially if related to pediatric DCM.14 Of note, 
myosin activators (omecamtiv and danicamtiv) that 
increase the number of myosin–actin interactions by 
disrupting interacting heads motif might be particularly 
interesting for patients affected by variants in this re-
gion, as they would rescue systolic function of these 
cardiomyocytes.22,23

From a phenotypic point of view, our results show 
that pediatric MYH7-related DCM is characterized by 

Table 2.  Predictors of ESHF

HR 95% CI*
P 
value*

Harrell’s  
C-statistic  
(95% CI)

Age at DCM diagnosis, y 0.97 (0.89–1.06) 0.53

Proband 1.64 (0.52–5.20) 0.40

Female sex 1.59 (0.56–4.48) 0.38

Year of diagnosis

Before 2012 Ref …

2012 onward 1.6 (0.50–5.17) 0.42

Clinical status

Mode of presentation 0.781 
(0.678–0.884)

Asymptomatic Ref …

Symptoms 4.90 (0.50–47.7) 0.17

HF admission 8.0 (0.81–77.2) 0.07

Cardiogenic shock 13.3 (1.65–106.5) 0.02

NYHA class 0.787 
(0.701–0.873)

I–II Ref …

III–IV 7.67 (2.16–27.2) 0.002

Medical treatment

β blockers 0.87 (0.28–2.73) 0.81

MRA 3.81 (1.17–12.4) 0.03 0.660 
(0.523–0.796)

Digoxin 2.05 (0.67–6.28) 0.21

ECG

QRS morphology

Narrow Ref …

IVCD 0.77 (0.17–3.47) 0.73

Echocardiography

LVEF, % 0.92 (0.87–0.97) 0.002 0.806 
(0.687–0.925)

LVEF dichotomized

LVEF >35% Ref …

LVEF ≤35% 4.00 (1.11–14.4) 0.03 0.702 
(0.583–0.821)

Hypertrabeculation 1.78 (0.62–5.11) 0.29

Variant location

S1 Ref …

S2 1.68 (0.50–5.67) 0.40

Light meromyosin 1.21 (0.32–4.66) 0.78

Bold values indicates statistically significant P values. DCM indicates 
dilated cardiomyopathy; HF, heart failure; IVCD, intraventricular conduction 
delay; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular 
ejection fraction; MRA, mineralocorticoid receptor antagonist; and NYHA, 
New York Heart Association.

*Unadjusted univariate analysis.
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a very early age of onset, in most cases during the 
first year of life and at birth in a significant proportion 
of patients. This finding is consistent with previously 
published pediatric MYH7-related DCM cases and dif-
fers from other forms of pediatric genetic DCM such 
as TTN or DMD that is more frequently found in older 
children.6,11

In line with what has been described in adult MYH7-
related DCM cohorts, LV hypertrabeculation features 
were found in a remarkable proportion of patients, and 
ventricular arrhythmias were rare.12

In addition, the clinical presentation and course of 
pediatric MYH7-related DCM seems to be defined by 
the severity of HF complications. Currently, there is 
controversy about the role of genetics on outcomes 
compared with other causes of DCM in pediatric DCM, 
as overall prognosis is poor with higher rates of death 
and HT than in adult patients.7 Two large US cohorts 
did not find differences in terms of HT or death be-
tween patients with causative variants and those gene 
elusive,9,10 while 2 European cohorts showed higher 
mortality rates in pediatric DCM patients with a pos-
itive genetic test.6,11 Having a closer look into studies 
that have described clinical course of pediatric DCM 
according to specific genes, a recent study from the 
Netherlands suggested a relatively higher transplant-
free survival of patients with MYH7-related DCM com-
pared with a combined group of other patients who 
are gene positive.11 A possible explanation to the 

discordance of this work and our findings is the limited 
number of patients examined in this study (8 individu-
als with only 1 receiving an HT). Our results, based on 
a larger population, are not so optimistic and showed 
a 25% risk of ESHF at 5 years despite inclusion of rela-
tives and not only probands. Prognosis was especially 
adverse for patients with advanced functional class 
(NYHA class III–IV) or severe systolic dysfunction (LVEF 
≤35%) at baseline. Both variables were also found as 
good predictors of ESHF in a previous study of pediat-
ric DCM, but as opposed to that cohort, our work did 
not find an association between β blocker prescription 
and clinical outcomes in our cohort.7

Clinical Implications
Our work has important clinical implications despite 
its limited sample size. First of all, our findings sup-
port an early clinical and genetic screening of rela-
tives that should include fetal surveillance through 
echocardiography in cases when variant transmission 
has not been averted by embryo selection. If systolic 
dysfunction is suspected or confirmed, delivery might 
be better planned in centers with available special-
ized cardiac support for children. In line with the previ-
ous comment, patients diagnosed with MYH7-related 
DCM should have an early referral to tertiary centers 
with LV assist device and HT programs considering 
the high incidence of ESHF at early ages. In particular, 

Figure 5.  Kaplan–Meier curve of incidence of end-stage heart failure according 
to NYHA at baseline.
NYHA showed the highest discrimination capacity (Harrell’s C-statistic=0.787). Patients 
in NYHA class III–IV had a 41.2% event rate at 2 y and 58.8% event rate at 5 y. ESHF 
indicates end-stage heart failure; HR, hazard ratio; and NYHA, New York Heart 
Association.
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children with p.Glu525Lys variant might benefit from 
closer follow-up considering the poor outcomes ob-
served in subjects with this specific variant both in our 
study and in the literature. Our findings also suggest 
that LVRR is not frequent despite medical treatment. 
Finally, our careful analysis of the variants implicated 
suggest that myosin activators could be a promising 
alternative for MYH7-related pediatric DCM, although 
a major hurdle remains in the path because pediatric 
patients have been excluded systematically in clinical 
trials.24,25 We hope that mounting evidence about the 
relevance of MYH7 in pediatric DCM combined with 
evidence about its bad prognosis and LVRR might en-
courage investigators to include this subpopulation in 
future clinical trials.

LIMITATIONS
Some limitations should be taken into account. First, 
our study was a retrospective longitudinal cohort 
study involving a wide time frame and also different 
countries, leading to significant heterogeneity regard-
ing medical care. Although sample size is remarkable 
for a cohort focused on pediatric DCM in a single 
gene, the final number of patients was limited, particu-
larly for predictive analysis. Additionally, exclusion of 
phenotype-negative carriers of MYH7 variants and se-
lection of pediatric cases of DCM limits generalizability 
of our findings to all MYH7 variant carriers and should 
not guide clinical management of carriers of MYH7 
variants in other clinical contexts, such as incidental 
findings of exome or genome sequencing.

CONCLUSIONS
Pediatric MYH7-related DCM is caused by variants 
mostly located in certain relevant protein subdomains. 
Its main features include early age of onset, frequent 
presence of LV hypertrabeculation features, and poor 
prognosis in terms of absence of LVRR and frequent 
course toward ESHF. Advanced NYHA class and low 
LVEF emerged as good predictors of ESHF that might 
help to tailor therapeutic alternatives.
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