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BACKGROUND: Maximal left ventricular wall thickness (MLVWT) is a risk factor for sudden cardiac death (SCD) in hypertrophic
cardiomyopathy (HCM). In adults, the severity of left ventricular hypertrophy has a nonlinear relationship with SCD, but it is
not known whether the same complex relationship is seen in childhood. The aim of this study was to describe the relationship
between left ventricular hypertrophy and SCD risk in a large international pediatric HCM cohort.

METHODS: The study cohort comprised 1075 children (mean age, 10.2 years [£4.4]) diagnosed with HCM (1-16 years) from
the International Paediatric Hypertrophic Cardiomyopathy Consortium. Anonymized, noninvasive clinical data were collected
from baseline evaluation and follow-up, and 5-year estimated SCD risk was calculated (HCM Risk-Kids).

RESULTS: MLVWT Z score was <10 in 598 (58.1%), 210 to <20 in 334 (31.1%), and =20 in 143 (13.3%). Higher
MLVWT Z scores were associated with heart failure symptoms, unexplained syncope, left ventricular outflow tract
obstruction, left atrial dilatation, and nonsustained ventricular tachycardia. One hundred twenty-two patients (71.3%)
with MLVWT Z score >20 had coexisting risk factors for SCD. Over a median follow-up of 4.9 years (interquartile
range, 2.3-9.3), 115 (10.7%) had an SCD event. Freedom from SCD event at 5 years for those with MLVWT Z
scores <10, 210 to <20, and =20 was 95.6%, 87.4%, and 86.0, respectively. The estimated SCD risk at 5 years had
a nonlinear, inverted U-shaped relationship with MLVWT Z score, peaking at Z score +23. The presence of coexisting
risk factors had a summative effect on risk.
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CONCLUSIONS: In children with HCM, an inverted U-shaped relationship exists between left ventricular hypertrophy and
estimated SCD risk. The presence of additional risk factors has a summative effect on risk. While MLVWT is important for
risk stratification, it should not be used either as a binary variable or in isolation to guide implantable cardioverter defibrillator

implantation decisions in children with HCM.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: adult m child m death, sudden ® humans ® hypertrophic cardiomyopathy

See Editorial by Kohli et al

WHAT IS KNOWN?

* Maximal left ventricular wall thickness is a risk factor
for sudden cardiac death in childhood hypertrophic
cardiomyopathy.

* Maximal left ventricular wall thickness is included in
current risk stratification guidelines.

WHAT THE STUDY ADDS

* An inverted U-shaped relationship exists between
left ventricular hypertrophy and estimated sud-
den cardiac death risk in childhood hypertrophic
cardiomyopathy.

* The presence of additional risk factors has a sum-
mative effect on risk.

Nonstandard Abbreviations and Acronyms

HCM hypertrophic cardiomyopathy

ICD implantable cardioverter defibrillator
LVH left ventricular hypertrophy

LvOoT left ventricular outflow tract

MACE major arrhythmic cardiac event
MLVWT maximal left ventricular wall thickness
NSVT nonsustained ventricular tachycardia
SCD sudden cardiac death

mode of death in childhood hypertrophic cardiomy-

opathy (HCM), occurring at an annual rate of 1% to
2%."* Maximal left ventricular wall thickness (MLVWT)
is a recognized risk factor for SCD in childhood®'" and
adult-onset disease,'#'* and it is designated as a major
clinical risk factor in current risk stratification guide-
lines.”™"” Current pediatric risk stratification recommen-
dations suggest using a threshold for MLVWT to guide
implantable cardioverter defibrillator (ICD) implantation
decisions,'®'” and although they differ in the threshold
for defining extreme hypertrophy (eg, MLVYWT >30 mm,'®
Z score 26,7 Z score >20'7), the implication is that
increasing MLVWT is associated with increasing risk.

Sudden cardiac death (SCD) is the most common

Circ Arrhythm Electrophysiol. 2022;15:e010075. DOI: 10.1161/CIRCER.121.010075

Recently published pediatric-specific risk models include
continuous measures of left ventricular hypertrophy
(LVH) as risk factors,'®'® but the relationship between
LVH and SCD is incompletely understood. In adults with
HCM, LVH has an inverted U-shaped relationship with
the risk of SCD,?° but it is not known whether this same
complex, nonlinear relationship exists in childhood HCM.
The aim of this study was to describe the relationship
between LVH and observed and predicted SCD risk in a
large pediatric cohort.

METHODS
Study Population and Data Collection

The study cohort was derived from the International Paediatric
Hypertrophic Cardiomyopathy Consortium—a retrospective,
multicentre, longitudinal study consisting of 1198 children
diagnosed with nonsyndromic HCM aged 1 to 16 years from
49 participating centers previously used to develop (n=1024)
and validate (n=174) the pediatric HCM risk prediction model
(HCM Risk-Kids)." For this analysis, 123 patients with incom-
plete MLVWT data were excluded, resulting in a final study
cohort of 1075 patients. HCM was defined as MLVWT >2
SDs above body surface area?'-corrected population mean (Z
score >+2) that could not be explained by abnormal loading
conditions.'® Z scores were calculated using normative data
from the Pediatric Heart Network Normal Echocardiogram
Database.?? Patients with a history of previous ventricular fibril-
lation or sustained ventricular tachycardia, inborn errors of
metabolism, RASopathy syndrome, or neuromuscular disease
were excluded from the analysis.

Anonymized, noninvasive clinical data were collected
from baseline evaluation and follow-up, including heart fail-
ure symptoms (New York Heart Association or Ross func-
tional classification?®), family history, resting and ambulatory
ECG, and transthoracic echocardiography (2-dimensional,
Doppler, and color). The presence or absence of the following
additional clinical risk factors at the time of baseline evalu-
ation was recorded: nonsustained ventricular tachycardia
(NSVT; defined as >3 consecutive ventricular beats at a rate
of >120 beats per minute lasting <30 seconds on ambula-
tory ECG recordings'®), unexplained syncope, family history
of SCD (defined as a sudden death in a first-degree rela-
tive under the age of 40 years or sudden death at any age
in a first-degree relative with HCM'®), left ventricular outflow
tract (LVOT) obstruction (defined as an instantaneous peak
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Doppler LVOT pressure gradient 230 mmHg at rest'®), and
body surface area—corrected left atrial diameter. Severity of
LVH was divided into groups (MLVWT Zscore <10, MLVWT Z
score 210 to <20, and MLVWT Z score >20). Genetic testing
information was not routinely collected. Data were collected
independently at each participating center, and data integrity
is guaranteed by each author.

Outcomes

Primary study outcomes were major arrhythmic cardiac event
(MACE), defined as SCD or an equivalent event (aborted car-
diac arrest, appropriate ICD therapy, or sustained ventricu-
lar tachycardia associated with hemodynamic compromise).
Secondary outcomes were all-cause mortality or cardiac trans-
plantation. Outcomes were determined by the treating cardiolo-
gist at each participating center.

Statistical Analysis

Continuous variables are described as mean (£SD) or median
(25th to 75th centile) as appropriate, with 3 group compari-
sons conducted using ANOVA or Wilcoxon rank-sum, respec-
tively. Categorical variables were compared using the %2 test.
The correlation between MLVWT and continuous variables
was assessed using Pearson or Spearman rank correlation
as appropriate. Follow-up time was calculated from the date
of baseline evaluation to the date of reaching the study pri-
mary end point, death from another cause, or date of most
recent evaluation. Estimates of survival by MLVWT group were
obtained using the Kaplan-Meier product limit method. MLVWT
groups (MLVWT Zscore <10, MLVWT Zscore >10 to <20, and
MLVWT Z score >20) were prespecified before analysis. The
association of continuous MLVWT Z score with 5-year MACE
and mortality was assessed in a univariate Cox proportional
hazard model.

Patients with >3 HCM Risk-Kids predictor variables missing
were excluded. Missing data were seen in 1, 2, or 3 predic-
tor variables in 310 (28.8%), 108 (10.15%), and 12 (1.1%)
patients, respectively. Data were assumed to be missing at ran-
dom, and missing predictors were imputed using multiple impu-
tations based on chained equations.?* The imputation model
included the outcome, HCM Risk-Kids predictor variables, and
an estimate of the cumulative hazard function. A total of 40
imputed data sets were created.

Follow-up was censored at 5 years, and the estimated
5-year risk of SCD was calculated for each patient using the
previously published HCM Risk-Kids model.'

RSCD at 5 years)=1—0.949437808e(rognostc index) - \where
prognostic index=0.2171364x(MLVWT Z score—11.09)—
0.0047562x(MLVWT Z score®—174.12)+0.130365x(left
atrial diameter Z score—1.92)+0.429624xunexplained syn
cope+0.1861694xNSVT—0.0065555x(maximal ~ LVOT
gradient—21.8).

We have previously observed a nonlinear relationship
between MLVWT Z score and b-year SCD risk using a Cox
regression model in the development cohort.' The relation-
ship between MLVWT Z score and b-year SCD risk was
examined graphically in a single imputed data set in those
with and without coexisting dichotomous risk factors for SCD
(NSVT, family history of SCD, and unexplained syncope) to
show the effect on calculated risk estimates. A line of best fit

Circ Arrhythm Electrophysiol. 2022;15:e010075. DOI: 10.1161/CIRCER.121.010075
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was drawn using linear regression with a quadratic term for
MLVWT Z score. The summative effect of multiple coexist-
ing risk factors on estimated 5-year SCD risk estimates was
examined graphically by setting continuous variables to their
mean value for the study cohort and dichotomous variables to
0 (absence) or 1 (presence).

Statistical analysis was performed using the Stata statistical
software (version 14).

Ethics

This study conforms to the principles of the Declaration of
Helsinki and Good Clinical Practice. Local ethical approval was
given for each participating center with waiver of informed con-
sent for retrospective, anonymized data. The data underlying
this article cannot be shared publically as consent for dissemi-
nation of patient data was not obtained.

RESULTS

Mean age at diagnosis was 10.2 years (+4.4), and 716
(67.7%) were men. A family history of HCM or SCD
was present in 583 (55.2%) and 133 (12.4%) patients,
respectively.

Baseline Clinical Phenotype

Mean MLVWT was 19.3 (£7.5) mm with a corresponding
MLVWT Zscore of 11.1 (£7.1). MLVWT Z score was <10
in 598 (568.1%), >10 to <20 in 334 (31.1%), and >20 in
143 (13.3%) patients (Figure S1). The baseline clinical
characteristics by MLVWT Z-score group are described
in the Table. Those with higher MLVWT Z scores were
more likely to have heart failure symptoms, unexplained
syncope, LVOT obstruction, left atrial dilatation, and
NSVT. Age was not significantly associated with degree
of LVH (Figure S1).

Relationship Between MLVWT and Other
Clinical Risk Factors for SCD

One or more coexisting risk factors for SCD were pres-
ent in 565 (52.6%) patients. Coexisting risk factors were
more common in those with the most severe LVH (Z
score <10 [n=259; 43.3%] versus Z score =10 to <20
[n=204; 61.1%)] versus Z score =20 [n=102; 71.3%];
P<0.001; Figure 1). MLVWT correlated weakly with left
atrial diameter Z score (R?, 0.028; A<0.001) and LVOT
gradient (R? 0.284; A<0.001).

Relationship of MLVWT to MACE

One hundred and fifteen patients (10.7%) had an MACE
(SCD [n=45; 39.1%)]), resuscitated cardiac arrest (n=21;
18.3%), appropriate ICD therapy (n=38; 33.0%), or sus-
tained ventricular tachycardia with hemodynamic com-
promise (n=11; 9.6%) with an overall incidence rate
of 1.7/100 patient-years at risk (95% ClI, 1.39-2.01).
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Table. Summary of Baseline Characteristics by Severity of Left Ventricular Hypertrophy

MLVWT Z-score groups

Whole cohort 10 to <20

(n=1075) <10 (n=598) (n=334) >20 (n=143) P value
Male sex (n=1057) 716 (67.7%) 401 (67.9%) 215 (65.8%) 100 (71.9%) 0.423
Mean age at baseline (SD) 10.2 (£4.39) 10.1 (+4.4) 10.4 (+4.4) 10.8 (+4.3) 0.212
NYHA class >1 (n=1040) 249 (23.9%) 95 (16.3%) 99 (31.0%) 55 (40.2%) <0.001
FHx HCM (n=1057) 583 (55.2%) 349 (59.1%) 171 (52.1%) 63 (45.7%) 0.007
FHx SCD (n=1072) 133 (12.4%) 74 (12.4%) 40 (12.0%) 19 (13.4%) 0.918
NSVT (n=897) 54 (6.0%) 19 (3.9%) 21 (7.5%) 14 (10.8%) 0.006
Unexplained syncope (n=1074) 103 (9.6%) 40 (6.7%) 42 (12.6%) 21 (14.7%) 0.001
Median maximal LVOT gradient (n=956), mmHg (IQR) | 9 (5-20) 7 (5-13) 10 (5.8-36) 20 (8.5-50) <0.001
LVOT obstruction (n=956) 199 (20.8%) 60 (11.5%) 85 (28.3%) 54 (40.9%) <0.001
Mean LA diameter (n=814), mm (SD) 33.0 (+8.4) 32.1 (£8.0) 34.1 (£9.0) 34.3 (£8.7) <0.001
Mean Z-score LA (n=814), SD 1.80 (+2.3) 1.47 (£2.24) 2.20 (+£2.45) 2.20 (£2.28) 0.257
Median follow-up, y (IQR) 4.9 (2.3-9.3) 4.4 (2.1-8.7) 5.3 (2.4-9.8) 5.2 (2.8-10.8) 0.0119
Myectomy 86 (8.0%) 17 (2.9%) 42 (12.6%) 27 (18.9%) <0.001
MACE 115 (10.7%) 34 (5.7%) 52 (15.6%) 29 (20.3%) <0.001
Incidence of SCD per 100 patient-years (95% Cl) 1.67 (1.39-2.01) | 0.98 (0.70-1.37) | 2.22 (1.70-2.92) | 2.74 (1.90-3.94) | HR, 1.69 (1.34-2.14);

F<0.001; log-rank <0.001

FHx indicates family history; HCM, hypertrophic cardiomyopathy; IQR, interquartile range; LA, left atrium; LVOT, left ventricular outflow tract; MACE, major
arrhythmic cardiac event; MLVWT, maximal left ventricular wall thickness; NSVT, nonsustained ventricular tachycardia; NYHA, New York Heart Association; and

SCD, sudden cardiac death.

Freedom from MACE at b years for those with MLVWT Z
score <10, MLVWT Z score >10 to <20, and MLVWT Z
score >20 was 95.6% (95% ClI, 93.2-97.2), 87.4% (95%
Cl,82.6-91.0), and 86.0% (95% Cl, 0.78-0.91), respec-
tively (hazard ratio, 1.69 [95% Cl, 1.34-2.15]; /~<0.001;
Figure 2A).

Relationship Between MLVWT and HCM Risk-
Kids Predicted Risk of SCD

In a single imputed data set, the estimated risk of SCD at
5 years as calculated by the HCM Risk-Kids model had
a nonlinear, inverted, U-shaped relationship with MLVWT
Z score. Estimated risk peaked at a Z score of +23; fur-
ther increases in MLVWT were associated with an initial
plateau and then fall in the estimated risk of SCD. The
relationship between estimated SCD risk, MLVWT, and
the presence or absence of other additional coexisting
risk factors is shown in Figure 3.

Relationship of MLVWT and Mortality

Over a median follow-up of 4.9 years (interquartile range,
2.3-9.3), 61 patients died (5.7%) and 29 (2.7%) under-
went cardiac transplantation. Cause of death was SCD
(n=45; 73.8%), heart failure (n=6; 9.8%), embolic event
(n=1; 1.6%), other cardiovascular (n=3; 4.9%), noncar-
diovascular (n=3; 4.9%), or unknown (n=3; 4.9%). Over-
all incidence of death or transplantation was 1.2/100
patient-years at risk (95% Cl, 0.96-1.48). Severity of
LVH was not associated with an increased incidence

Circ Arrhythm Electrophysiol. 2022;15:e010075. DOI: 10.1161/CIRCER.121.010075

of all-cause mortality or transplant (hazard ratio, 1.044
[95% Cl, 0.786—1.386]; P=0.766; Figure 2B).

DISCUSSION

This study reports the association between LVH and
SCD risk in a large, geographically diverse, multicenter
cohort of childhood HCM. Severity of LVH was associ-
ated with the presence of other phenotypic features of
severe disease. Although the incidence of an arrhythmic
event was the highest for those with MLVWT Z score
>20, an inverted U-shaped relationship exists between
the degree of hypertrophy and estimated risk of SCD
at b years meaning that, beyond a threshold, no further
increase in risk was seen and instead the risk starts
decreasing. The presence of additional risk factors had
a summative effect on risk, which highlights the com-
plex interaction between LVH and other risk factors for
SCD and suggests that measures of LVH alone cannot
be used to predict risk in childhood HCM.

LVH in Childhood HCM

LVH is a prerequisite for the diagnosis of HCM,">'® but
its progression during childhood is incompletely under-
stood. The traditional paradigm suggests that increases
in LVH are more likely to be seen in adolescence,?®
with the implication that younger children have phe-
notypically mild disease. We and others have recently
shown that LVH can develop at any age in familial HCM,
including infants and young children,?®?” and the most
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Z score < 10

Z score 10-<20

Z score >=20

Figure 1. The presence of additional
clinical risk factors by severity of left
ventricular hypertrophy.

Additional risk factors include unexplained
syncope, nonsustained ventricular
tachycardia, left atrial dilatation, and family
history of sudden cardiac death.
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recent 2020 American Heart Association/American
College of Cardiology guidelines no longer have a lower
age limit for clinical screening.'” This large cohort of
children aged between 1 and 16 years with HCM pro-
vides further evidence that the severity of LVH is highly
variable and not dependent on age. Not surprisingly,
patients with severe LVH were more likely to be symp-
tomatic and have other clinical phenotypic features of
severe disease, including LVOT obstruction and NSVT
on ambulatory ECG monitoring.

LVH and Risk Prediction in Childhood HCM

Measures of LVH are the most studied SCD risk factor in
childhood HCM."" An association between LVH and the
risk of SCD has been reported frequently in childhood
disease, and severe LVH is considered to be a major
clinical risk factor®'" Historically, the evidence sup-
porting individual risk factors in childhood disease has
been limited by small patient numbers, but recent large
pediatric series confirm the importance of LVH in risk
stratification for pediatric HCM.'8192 A major limitation
in the study of potential risk factors for SCD in child-
hood HCM has been an inconsistency in the definitions
or measurements of echocardiographic parameters.
In particular, the measures of LVH vary widely in pub-
lished pediatric studies (including interventricular septal
thickness, left ventricular posterior wall thickness, sep-
tal thickness:cavity ratio, body surface area—corrected
measurements, and MLVWT),"" with the result that the
best measure of hypertrophy for risk stratification in
childhood disease is currently unknown. Until recently,
guidelines recommended using a threshold of MLVWT of
>30 mm or Z score 26 to guide ICD implantation deci-
sions.'®'® The evidence for using this particular threshold

Circ Arrhythm Electrophysiol. 2022;15:e010075. DOI: 10.1161/CIRCER.121.010075

is limited,®'° and recent North American guidelines have
suggested that a threshold of Z score 220 may be more
appropriate.’” The interpretation of all Z-score thresh-
olds is hampered by the use of different normative data
for Z-score calculations, each of which yields different
Z scores for the same individual, yet the implication is
that risk increases in a linear fashion with increas-
ing LVH. Challenging this view, we have shown that,
although those with the highest MLVWT had the highest
incidence of MACE, an inverted U-shaped relationship
exists between the degree of LVH and estimated risk of
SCD at b years. These findings suggest that, beyond a
threshold, further increases in MLVWT are not associ-
ated with an incremental increase in predicted risk and
instead the predicted risk may start decreasing. Of note,
although risk peaked at a Z score of 23 in this study, the
specific threshold will depend on which normative data
are used, but the underlying shape of the relationship
will be unchanged. This finding is in keeping with recent
reports from other independent pediatric populations,
which have described a nonlinear association between
interventricular septal thickness and left ventricular pos-
terior wall thickness Z scores and SCD risk, plateauing
at a Zscore of 20 using the Boston normative data.'8293°
[t is also in keeping with the results of a large adult HCM
study (n=3673)*° and suggests that the relationship
between LVH and MLVWT is similar in adult and pediatric
patients. The mechanism underlying these observations
is unknown, but possible explanations include competing
causes of death in those with severe LVH or alternative
molecular arrhythmogenic pathways in those with milder
hypertrophy. Indeed, previous studies have described
arrhythmic events occurring in patients with variants in
the Troponin T gene who had extensive myocyte disarray
despite minimal hypertrophy.2'92
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Role of Additional Risk Factors for SCD

Previous reports have described the coexistence of
multiple risk factors for SCD in individual patients with
HCM,?334 and in agreement with this, almost 75% of
patients with the most severe hypertrophy had >1 addi-
tional SCD risk factors. In the presence of a single
additional risk factor, although the overall relationship
between LVH and estimated risk was unchanged, an
upward shift in the risk curve was observed. This study,
therefore, shows that coexistence of risk factors has a
summative effect on estimates of 5-year SCD risk. The
overall effect on risk also appeared to differ subtly for
different clinical risk factors. In the presence of NSVT,
the risk curve was shifted upward and to the left meaning
that the absolute MLVWT Z-score threshold for maximal
SCD risk was lower. In contrast, family history of SCD,

Circ Arrhythm Electrophysiol. 2022;15:e010075. DOI: 10.1161/CIRCER.121.010075

which is not included as a risk estimate in HCM Risk-
Kids, appeared to have less effect on the risk estimate
except for at the highest MLVWT Z scores. Family history
of SCD has robust evidence to support its use in adult
cohorts, but a previous meta-analysis found insufficient
evidence to support its use in childhood."" More recent
large-scale population registry studies have also failed
to find a significant association between family history
and arrhythmic events,'®?® suggesting an important dif-
ference between adult and childhood-onset disease,
which is currently unexplained. Possible explanations
for the absence of an effect of family history in child-
hood disease difference include a higher prevalence of
de novo variants, low proportion of sarcomeric disease
in the included cohorts, or incomplete reporting of family
history. The observed summative effect on risk remained
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Figure 3. Relationship of estimated 5-y risk of sudden cardiac death (SCD) to maximal wall thickness and the presence or
absence of additional clinical risk factors.

A, The presence or absence of family history of SCD. B, The presence or absence of unexplained syncope. C, The presence or absence

of nonsustained ventricular tachycardia (NSVT). D, All possible combinations of NSVT and unexplained syncope keeping continuous risk
factors constant to the cohort mean: maximal left ventricular outflow tract gradient and left atrial diameter Z score. In all cases, the risk of SCD
increases up to a point, and once a plateau is reached, the risk declines. MWT indicates maximal wall thickness.

in the presence of multiple coexisting risk factors. Cur-
rent guidelines differ in their treatment of patients with
single risk factors, but our findings suggest that while
MLVWT is important for risk stratification, it should not
be used either as a binary variable or in isolation to guide
ICD implantation decisions in children with HCM.

Limitations

This study is limited by problems inherent to longi-
tudinal retrospective studies including missing or
incomplete data. Previous studies have shown an asso-
ciation between the severity of LVH and long-term out-
comes, including cardiovascular mortality, in childhood
HCM.5618.182835-37 |n this study, LVH was not associated
with all-cause mortality or cardiac transplantation, but
patients with severe LVH were more likely to experience
disease-related morbidity including the need for left ven-
tricular septal myectomy or arrhythmic events. This dis-
crepancy could be explained by patients being censored

Circ Arrhythm Electrophysiol. 2022;15:e010075. DOI: 10.1161/CIRCER.121.010075

when they reached the primary end point of MACE mean-
ing that if they subsequently developed heart failure or
underwent cardiac transplantation, this event would not
be captured. The long-term morbidity and mortality asso-
ciated with childhood HCM is, therefore, not accurately
represented in this cohort. This study excluded patients
with underlying syndromic or metabolic disease; how-
ever, as genetic testing data were not routinely collected
for all patients, a small subset may have an undiagnosed
underlying etiology. As genetic testing information was
not systematically collected for the HCM Risk-Kids
development cohort, it was not possible to investigate
the role of genotype in disease phenotype or its interac-
tion with other clinical risk factors in this study. The role
of genotype in disease progression and risk stratifica-
tion in childhood disease remains unclear. Recent data
from the SHaRE registry (Sarcomeric Human Cardio-
myopathy Registry),® of over 1000 children with HCM,
did not find a higher lifetime risk of arrhythmic events
for genotype-positive patients, and inclusion of genotype
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in an alternative pediatric-specific risk model (PRiMaCY
[Precision Medicine for Cardiomyopathy]'®) did not sig-
nificantly improve model predictions. Nonetheless, future
multicenter collaborative studies are required to investi-
gate the contribution of genotype in disease progression
and risk stratification for childhood HCM.

Conclusions

In a large cohort of children with HCM, severe LVH
was associated with other phenotypic features of
severe disease and coexists with additional risk fac-
tors for SCD. Although the risk of an arrhythmic event
is the highest for those with more severe hypertrophy
(MLVWT Z score >20), an inverted U-shaped relation-
ship exists between the degree of hypertrophy and
estimated risk of SCD at 5 years. This means that,
beyond a threshold, further increases in hypertrophy
are not associated with additional risk and predicted
risk may start decreasing. The presence of additional
risk factors had a summative effect on risk. This study,
therefore, suggests that, while MLVWT is important
for risk stratification, it should not be used either as a
binary variable or in isolation to guide ICD implantation
decisions in children with HCM.
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