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H ypertrophic cardiomyopathy (HCM) is the
most common genetic heart disease,
affecting 1 in 500 individuals and is associ-

ated with an increased risk of sudden cardiac death
(SCD) and heart failure (1). With contemporary
management strategies including implantable
cardioverter-defibrillators (ICDs) in patients at
increased risk of SCD and other therapies, including
medications, myectomy, alcohol septal ablation, and
heart transplantation in appropriate patients, the
prognosis for HCM has improved over the last several
decades (2). However, risk stratification remains a
significant challenge (1) and selecting patients appro-
priately for ICD therapy can be problematic.

The U.S. and European approaches to SCD risk
stratification in HCM have some important differ-
ences. Clearly identified risk factors in the most
recent U.S. guidelines include: 1) personal history of
aborted SCD, ventricular fibrillation, or sustained
ventricular tachycardia; 2) family history of SCD; and
3) syncope (3). Markers with less robust evidence
behind them include nonsustained ventricular
tachycardia on monitoring, extreme increase in left
ventricular (LV) wall thickness (>30 mm), and hypo-
tensive response to exercise (3). A European con-
sortium more recently developed a HCM Risk-SCD
Calculator that includes variables such as age, extent
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of LV hypertrophy, left atrium size, LV outflow tract
gradient, family history of SCD, nonsustained ven-
tricular tachycardia, and unexplained syncope to
predict 5-year SCD risk (4). A recent study aimed to
validate this risk calculator (5). The calculator per-
formed well at lower and higher levels of risk, but less
well at intermediate risk levels. The 1,524 patients
(71%) at the lower end of risk (<4%) had an observed
5-year SCD incidence close to that predicted. The 326
patients (15%) with an intermediate calculated risk of
4% to 6% had an actual event rate just >2%. The 297
patients (14%) with a predicted risk of $6% had an
observed SCD incidence of 8.9% at 5 years (5). There
is room for improvement, especially in the interme-
diate risk group where risk may be overestimated.
This finding is especially important due to the risk of
implanting ICDs in those who do not need them in
terms of inappropriate shocks and potential compli-
cations (6).

Over the past several years, late gadolinium
enhancement (LGE) on cardiac magnetic resonance as
a marker of replacement fibrosis has emerged as a risk
marker for adverse outcomes in HCM. Approximately
one-half of patients with HCM may have LGE with a
characteristic pattern of patchy involvement, partic-
ularly at the right ventricular septal insertion sites
and in those walls with the greatest hypertrophy. A
meta-analysis of 5 studies involving 2,993 patients
with a median follow-up of 3 years demonstrated that
the presence of LGE was associated with a 3.4-fold
increase in risk for SCD, a 1.8-fold increase in all-
cause mortality, a 2.9-fold increase in cardiovascular
mortality, and a trend to increase in heart failure
death (7). However, the presence of LGE alone cannot
be used as an indication for an ICD because at least
one-half of patients would then be candidates and the
risk of SCD is below 1% per year. A 4-center study of
https://doi.org/10.1016/j.jacc.2018.05.063
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1,293 patients followed for 3.3 years showed that LGE
of $15% of an LV mass was associated with a 2-fold
increase in SCD event risk (8). The meta-analysis
discussed herein showed that, after adjusting for
baseline characteristics, the extent of LGE was
strongly associated with the risk of SCD with a hazard
ratio of 1.36 per increase in LGE extent of 10% (7).
Thus, the extent of LGE may be a more potent marker
than its presence alone.
SEE PAGE 857
Despite these data regarding LGE, neither the U.S.
guidelines nor the HCM Risk-SCD Calculator include
it as a risk marker as of yet. Meanwhile, data with
regard to its importance continue to accrue. In this
issue of the Journal, Mentias et al. (9) from the
Cleveland Clinic present data from 1,423 patients
with HCM who were recruited from their institution
over an 8-year period and deemed to be low to
intermediate risk. There were 965 patients (68%) with
obstructive disease, with a mean LV outflow tract
gradient of 70 � 55 mm Hg by transthoracic echocar-
diography, and 71% of these underwent myectomy
(just fewer than one-half of the overall group). One-
half of the patients had any LGE and mean LGE was
8.4 � 1.2% of the total LV mass. The composite
endpoint used was SCD and appropriate ICD
discharge. Similar to the study by Chan et al. (8), the
present study demonstrates higher risk of the primary
endpoint with LGE of $15% of LV mass with or
without obstruction. In those with obstruction, LGE
of $15% was associated with a 3-fold increase in the
primary endpoint, whereas myectomy was associated
with a greater than 50% decrease. In those patients
who underwent myectomy, the percent LGE cutoff
that increased the risk was higher at 25% of LV mass.
Adding both LGE and myectomy to the U.S. guideline
risk factors and the HCM-SCD risk calculator
improved their discriminatory power.

This is the first paper to extend the importance of
the LGE findings into both obstructive and non-
obstructive subgroups, as well as to examine it in the
context of those patients who go on to myectomy.
The latter group is not specifically considered in
presently used guidelines and risk scores. Myectomy
seemed to mitigate somewhat the risk associated with
the presence of LGE. This finding is not surprising,
because myectomy has been known for some time to
improve prognosis in HCM, such that post-myectomy
patients have a similar prognosis to nonobstructive
patients (10).

The current study makes an important contribu-
tion to the field, but it also has its limitations. First, as
a single-center cohort, it may not be representative of
the HCM patient community at large, because the
Cleveland Clinic is often specifically referred patients
for myectomy, which accounts for the large propor-
tion of patients who underwent this procedure in this
study. The ongoing Hypertrophic Cardiomyopathy
Registry (HCMR) should shed additional light here,
because this population was recruited from 44 sites in
6 countries in North America and Europe (11) and will
be more representative of clinical practice. Nearing
the 2-year follow-up point in 2,764 patients, only
approximately 10% of patients have undergone
myectomy.

Second, replacement fibrosis may not be the only
type of fibrosis that affects risk in HCM. Interstitial
fibrosis is prevalent (12,13) and may also influence
risk. T1 mapping by cardiac magnetic resonance with
measurement of extracellular volume has demon-
strated increases in interstitial fibrosis in HCM (14). T1
mapping has been incorporated into the HCMR study
as an exploratory marker and will be examined for its
association with adverse outcome in HCM.

In summary, our ability to prognosticate in this
complex disorder is improving with the addition of
imaging markers. The current study, prior reports,
and availability of the upcoming HCMR registry data
all suggest that they should be considered for inclu-
sion in the next set of guidelines and risk calculators.
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