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The prognostic value of late gadolinium
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Hypertrophic cardiomyopathy (HCM) is a genetic-
based cardiomyopathy and its prevalence ranges from
0.02 to 0.23% in adults.1 As it is the most common
cause of sudden cardiac death (SCD) in the young,2

different risk scores have been proposed to properly
identify patients that would benefit from a primary pre-
vention with an implantable cardioverter-defibrillator
(ICD). European Society of Cardiology (ESC) guide-
lines suggest using the HCM Risk-SCD Calculator that
incorporates age, extent of left ventricular hypertrophy,
left atrial size, left ventricular outflow gradient, family
history of SCD, non-sustained ventricular tachycardia,
and unexplained syncope to predict five-year SCD
risk.1 These guidelines mention the potential utility of
cardiac magnetic resonance (CMR) mainly in the case
of poor echo windows, while the American College of
Cardiology/American Heart Association guidelines rec-
ognize the possible value of late gadolinium enhance-
ment (LGE) for SCD risk stratification, but they do not
include it among the major risk factors.2 The aim of the
present study-level meta-analysis was to explore the
prognostic value of LGE at CMR for adverse fatal
events. The protocol of this study was registered on
PROSPERO (registration number: CRD42019136013).

Electronic databases were searched for studies that
investigated the prognostic value of LGE in patients
with HCM. The process was performed according to
the PRISMA statement.3 Two authors extracted data
on patient characteristics and outcomes. The outcomes
of interest were SCD or aborted SCD, all-cause mor-
tality, and cardiovascular (CV) mortality. Random-
effects odds ratios (ORs) were estimated using a
DerSimonian–Laird method with a person–year
approach. Heterogeneity was calculated using the I2

test and publication bias was visually assessed with

funnel plots. To better characterize the prognostic
value of the presence of LGE for the outcomes of inter-
est, we also calculated summary sensitivity, specificity,
likelihood ratios, diagnostic ORs, and summary recei-
ver-operating characteristic (SROC) curves. The qual-
ity of the studies was assessed using a score specifically
developed for prognostic studies.4 Univariate meta-
regression for unadjusted log-OR was performed to
explore the potential moderator effect of mean age,
LGE % of left ventricle (LV), gender (expressed as
male percentage), and the available factors included
in the HCM Risk-SCD Calculator1 (expressed as per-
centage for dichotomous variables and as mean for
continuous ones). Statistical analyses were conducted
using Review Manager version 5.3, OpenMeta-
Analyst, and MetaDTA.

Seven studies met our inclusion criteria and were
included in the analyses (n¼ 3351; mean follow-up
2.97� 0.63 years; Table 1 and Supplementary Figure
1S). A total of 57% of the patients had LGE at
CMR, and the mean LGE % of LV was 6.98� 2.9.
The mean annualized incidence of SCD/aborted SCD
in patients with LGE was 1.6%� 0.7% versus
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0.2%� 0.2% in patients without LGE. The presence
of LGE was associated with an increased incidence of
SCD or aborted SCD (OR¼ 3.34; 95% CI, 1.97–5.69;
p< 0.001; Figure 1(a)), all-cause mortality (OR¼ 1.82;
95% CI, 1.24–2.67; p¼ 0.002; Figure 1(b)), and CV
mortality (OR¼ 3.03; 95% CI, 1.69–5.40; p< 0.001;
Figure 1(c)) compared with the absence of LGE at
CMR. As shown by the SROC curves (Figure 1(a)–
(c)), the presence of LGE showed a sensitivity of 89%
(95% CI, 77–95%) and a specificity of 39% (95% CI,
31–47%) in predicting SCD/aborted SCD and similar
values in predicting all-cause and CV mortality.
Moreover, the absence of LGE had a negative predict-
ive value of 98.9% (95% CI, 98.3–99.3%) for SCD/
aborted SCD. No publication bias was detected and
univariate meta-regression analysis did not show any
moderator effect of the variables considered on the
outcomes of interest. All studies were considered
well designed and conducted, with the exception of
one study5 (Supplementary Table 1S); however, the
results remained consistent after its exclusion at sensi-
tivity analysis.

We must acknowledge some limitations. First, it is
a study-level meta-analysis; therefore, it was not pos-
sible to properly investigate the influence of all the
possible confounders on the outcomes of interest.
To overcome this limitation, we performed a meta-
regression analysis; nevertheless, the absence of any
moderator effect may be due to a type-two error
related to the limited number of studies included in
the analyses.

Our study is the most updated on the topic and
extends and confirms the results of previous works,6

overcoming some of their limitations as the inclusion
of studies with overlapping subjects.7 It demonstrates
that the presence of LGE at CMR in patients with
HCM has a substantial prognostic value for fatal
events and, in particular, for SCD. Therefore, LGE
assessment should be considered, especially in border-
line cases according the ESC HCM Risk-SCD
Calculator, to improve the identification of HCM
patients who could benefit from ICD implantation in
primary prevention and also to intensify medical ther-
apy and/or follow-up, even at a young age.
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Figure 1. Prognostic value of late gadolinium enhancement: adverse event incidence in patients with LGE versus without LGE.

HSROC: hierarchical summary receiver-operating characteristic; LGE: late gadolinium enhancement; SCD: sudden cardiac death.
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