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ARTICLE INFO ABSTRACT

Keywords: Aims: To describe the proportion of patients with syncope among those affected by hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy (HCM) and the relevance of syncope as risk factor for sudden cardiac death and life-threatening arrhythmic
Syncope events.
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Method and results: Systematic review of original articles that assessed syncope in HCM patients. Literature search
of PubMed including all English publications from 1973 to 2021.We found 57 articles for a total of 21.791
patients; of these, 14 studies reported on arrhythmic events in the follow-up. Syncope was reported in 15.8%
(3.452 of 21.791) patients. It was considered unexplained in 91% of cases. Life-threatening arrhythmic events
occurred in 3.6% of non-syncopal patients and in 7.7% of syncopal patients during a mean follow-up of 5.6 years.
A relative risk of 1.99 (95%CI 1.39 to 2.86) was estimated for syncope patients by the random effect model using
Haldane continuity correction for 0 events.

Conclusions: In the current practice, the cause of syncope remained unexplained in most patients affected by
HCM. The management of patients seems mainly driven by risk stratification rather than identification of the
aetiology of syncope. There is a need of precise instructions how to apply the recommendations of current
guidelines to this disease, which tests are indicated and how to interpret their findings.

The protocol was registered in Prospero (ID: 275963).

recurrence, which may lead to severe consequences like secondary
trauma, lifestyle changes, social and medical costs.

1. Background

Syncope is a challenging condition in patients with hypertrophic
cardiomyopathy (HCM) as several causes are potentially involved,
including arrhythmias (rapid atrial and ventricular tachy-arrhythmias,
sinoatrial or atrioventricular block), low output states (outflow tract
obstruction, reduced preload leading to underfilling) and abnormal
cardiac and vascular reflexes (orthostatic hypotension, neurally-
mediated reflexes). Unexplained syncope in HCM is an established risk
factor for sudden cardiac death (SCD) [1,2]. Identifying the mechanism
of syncope is important for preventing SCD as well as syncopal
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The aim of this systematic review is to describe the proportion of
syncope in the HCM population, its relevance as a risk factor for SCD and
the incidence of life-threatening arrhythmic events in the follow-up of
syncopal HCM cohorts in comparison with non-syncopal one. Moreover,
we will assess the diagnostic yield and the use of the diagnostic tests,
which are reported for the diagnosis of unexplained syncope.
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2. Methods
2.1. Search strategy and eligibility criteria

We performed a systematic review of original articles that assessed
syncope in HCM patients. The protocol was registered in Prospero (ID:
275963). A comprehensive literature search of PubMed including all
English publications from 1973 to 2021 was performed using the Med-
ical Subject Headings search terms “hypertrophic cardiomyopathy” and
“syncope.” From the initial 232 results, we excluded editorial letters,
comments, reviews, systematic reviews, case reports, practical guide-
lines and replicated populations from the same authors. We found 51
articles that assessed syncope at initial evaluation in HCM population
[3-53] and we included 9 additional articles from personal files
[2,54-61]. The PRISMA flow diagram depicts the flow of information
through the different phases of the systematic review (Supplementary
Fig. 1). Overall, we analysed 57 articles for a total of 21,791 patients
(Supplementary Table 1). Of these, only 14 studies reported on
arrhythmic events in the follow-up (Supplementary Table 2), and 26
studies reported the results of diagnostic tests (Supplementary Table 3).

2.2. Selection studies and data extraction

Two authors (MG and CF) independently screened titles and ab-
stracts and reviewed the full text of potentially relevant studies. They
discussed questionable studies to agree on their possible inclusion in the
present analysis.

For each included study we extracted the following information:
authors, publication year, study location, number subjects with history
of syncope, total sample size, mean age, percentage of male patients,
type of diagnostic tools (documented or no clear data), mean follow-up
duration syncope subjects with and without SCD, no syncope subjects
with and without SCD, association estimate (Risk relative - RR) and
relative 95% Confidence Intervals (95% CI) between the history of
syncope and arrhythmic events risk, use of adjustment approach for the
association estimate. When adjusted or raw association estimate was not
available, we calculated it.

2.3. Statistics

We performed a meta-analysis of syncope proportion (ratio between
number subjects with history of syncope and total sample size) using a
one-step approach based on generalized linear mixed models (GLMMs).
This approach overcomes the limits of traditional transformations of
proportions (e.g log, logit, arcsine, and Freeman-Tukey double-arcsine)
taking into account for within-study uncertainties, which are especially
critical for small sample sizes and rare events and does not require
corrections for zero counts. GLMMs do not need any data trans-
formations at the study level because they directly model event counts
with binomial likelihoods, and use a specific link function to transform
latent true proportions to a linear scale [62]. In the forest plot we re-
ported the original point estimates and relative 95% confidence in-
tervals (95% CI) and the GLMM overall proportion. This last could be
interpreted as the median proportion from multiple studies. Presence of
publication bias was evaluated by means of funnel plot inspection. We
built the funnel plot as suggested by Hunter et al. [63] plotting the study
size against the log odds of proportion. Moreover, a meta-regression was
performed to identify subject and study-characteristics useful to explain
the variability in published syncope proportions.

Finally, we estimated the pooled risk relative (RR) and the corre-
sponding 95% CI between the history of syncope and arrhythmic events
risk. This estimate was obtained according to Der Simonian and Laird’s
method [64] pooling all available RR and pooling by duration of follow-
up (more or less of 4 years). Statistical heterogeneity among association
estimates was evaluated by means of I2 of Higgins, varying from 0 to
100%. High values of this index (more than >75%) suggest high
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heterogeneity [65]. In presence of O events in one or both exposure
groups, the continuity correction of Haldane [66] was used. As sensi-
tivity analysis we applied other three continuity correction methods
(Carter, TACC and Pettigrew [67]. Results were considered statistically
significant when two-tailed p-value was lower than 0.05. All analyses
were performed with R version 4.1.1 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Prevalence and prognosis

Syncope was reported in 15.8% (3452 of 21,791) of patients. It was
considered unexplained in 91% of cases, while in the remaining 9% the
aetiology was heterogeneous, as it was attributed to left ventricular
outflow tract (LVOT) obstruction (3.3%), abnormal blood pressure/
vascular response or neurally mediated (2.4%), ventricular arrhythmias
(3.0%), supra-ventricular arrhythmias (0.8%) and conduction distur-
bances (0.1%) (Fig. 1).

The forest plot in Supplementary Fig. 2 reports the syncope pro-
portion and its 95% CI for each study. The overall proportion estimated
by GLMM is 22.4% (95% CI 18.9 to 26.4). The meta-regression model
included the following variables: i) age mean, ii) percentage male, iii)
published year ({2000,2000—2010,) 2010), geographic area (Europe,
Asia, North America, Multicenter), total sample size, diagnostic tools
(documented, no clear data). High percentage of males, recent publi-
cation years and presence of documented for syncope diagnosis was
statistically significant associated to low syncope proportion. Funnel
plot reported in Supplementary Fig. 3 did not show a strong asymmetry
of estimates although we cannot exclude the presence of publication
bias.

3.2. Life-threatening arrhythmic events

Raw data of arrhythmic events were assessed in 14 articles for a total
of 9834 patients, 1357 of whom (13,8%) with a history of syncope. An
implantable cardioverter-defibrillator (ICD) had been implanted in 1191
(12.2%) patients. In 7 studies (total 319 patients), an ICD had been
implanted in 172 (54%) patients with a history of syncope and in 147
(46%) patients without a history of syncope. The other studies report an
overall incidence of ICD of 9.2%, but they do not report the prevalence
in patients with syncope (Supplementary Table 2).

Life-threatening arrhythmic events defined as SCD or appropriate
ICD shocks occurred in 3.6% of non-syncopal patients and in 7.7% of
syncopal ones during a mean follow-up of 5.6 years (Table 1). The
overall relative risk for syncope patient, estimated by the random effect
model using Haldane continuity correction for 0 events, was 1.99 (95%
CI 1.39 to 2.86) (Fig. 2). The sensitivity analysis shows similar pooled
RR using Carter continuity correction methods (2.01, 1.40 to 2.89)
(Supplementary Fig. 4), TACC continuity correction methods (2.05, 1.51
to 2.79), (Supplementary Fig. 5) and Pettigrew continuity correction
methods (1.99, 1.39 to 2.87), (Supplementary Fig. 6).

3.3. Diagnostic tests

A total of 26 studies (among the 60 eligible, see Supplementary Fig.
1) reported the results of the most common diagnostic tests used in the
management of unexplained syncope (see Supplementary Table 3). The
pooled findings are reported in Table 2. Surprisingly, no study reported
data on carotid sinus massage, stress echocardiography or implantable
loop recorder (ILR) despite these tests are considered among the most
useful for the assessment of syncope [68].

4. Discussion

From this overview, several considerations can be drawn that are
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SYNCOPE IN HCM PTS

21791 pts from 57 studies

No syncope

18339 (84.2%)

Unexplained
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Suspected LV obstruction
Suspected NMS

Suspected V tachiarrhythmias
—1 0,8 Suspected A tachiarrhythmias

91 0,1 Suspected AV block

Fig. 1. Prevalence of syncope in HCM population and its aetiology.
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Fig. 2. Relative risk for syncope patient estimated by the random effect model using Haldane continuity correction for 0 events. Studies with a mean follow-up less
than 4 years were analysed separately from those with a follow-up longer than 4 years.

useful for a better understanding of the cause and management of syn-
cope in patients with HCM and future research planning.

4.1. Syncope in HCM and in the general population

In HCM syncope is reported in nearly 16% of the patients and
therefore it seems to be no more frequent than in the general population
which is approximately 25% in the age range of HCM patients of this
study [68]. However, the very low rate of reflex aetiology raises the
suspicion of an under-reporting of this aetiology.

4.2. Syncope as risk factor for sudden cardiac death

In the present study, SCD events were twice more frequent in HCM
patients with syncope, compared with those without (7.7% versus 3.6%
respectively) and syncope was associated with almost a double risk of
life-threatening arrhythmias (RR 1.99, 95%CI 1.39 to 2.86). These
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results confirm and validate unexplained syncope as an important risk
factor, which is included both in the HCM Risk-SCD calculator [1,2] and
in the algorithm for ICD patient selection of the recent 2020 AHA/ACC
HCM guidelines [69].

Surprisingly, syncope was reported as unexplained in the vast ma-
jority of patients (91%). It is likely that the cause of syncope in many
such cases was under-diagnosed. This point has obvious practical im-
plications A more precise diagnosis of syncope should have been useful
to better stratify the risk, ruling out the risk of arrhythmic events in some
and increasing the risk estimate in others. Moreover, the absence of an
established diagnosis raises the question whether syncope has a direct
causal effect on SCD or it is only an indirect risk marker which reflects a
more severe cardiac disease [70].

4.3. Unexplained syncope

The fact that syncope remained unexplained in a such a high
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Table 1

Raw data of life-threatening arrhythmic events in 14 HCM studies that reported data for patients with and without a history of syncope.
Reference Pts FU (years) Mean age No syncope Syncope

Patients Events Patients Events

Rowin et al., 2020 146 5,8 16 129 9 17
O’Mabhony et al., 2014 3703 5,9 52 3229 56 474 17
Adler et al., 2017 168 1,3 59 154 0 14 0
O’Mabhony et al., 2018 3675 5,7 48 3168 146 507 52
Finocchiaro et al., 2012 84 8,5 43 50 6 34 3
Furushima et al., 2010 66 0,8 55 55 14 11 0
Efthimiadis et al., 2009 123 2,9 52 106 0 17 2
Spirito et al., 2009 1511 5,6 46 1306 61 205 13
D’Andrea et al., 2006 123 4 39 99 10 24 2
Barletta et al.,2004 28 0,75 44 20 0 8 2
Kawasaki et al., 2003 73 2,3 52 63 0 10 0
Isobe et al., 2003 58 10,4 51 50 3 8 2
Zhu et al., 1998 53 3,9 42 40 0 13 3
Dilsizian et al., 1993 23 0,4 17 8 0 15 8
Total 9834 5,6 49 8477 305 (3.6%) 1357 105 (7.7%)

Table 2

Diagnostic yield of most frequent tests performed in 26 HCM studies that reported data on syncope assessment.

Test Patients Sustained VT/ Non-sustained Low output Angina/ Sick sinus AV conduction Reflex syncope
tested FV VT states ischemia syndrome disease response
1-7 day ECG 384 2 (0.5%) 118 (31%) 1 (0%)
monitoring
Exercise test 360 3(0.8%) 2 (1%) 6 (1.7%) 49 (14%)
EPS 229 72 (31%) 9 (3.9%) 34 (15%) 27 (12%)
Tilt testing 81 21 (26%)
Coronary 37 0 (0%)
angiography

ECG = electrocardiogram; EPS = electrophysiology study; VT = ventricular tachycardia; VF = ventricular fibrillation; AV = atrio-ventricular.

percentage warrants further consideration. There are several possible
explanations:

i

iii.

Physicians were well aware of the multifactorial mechanisms that
may lead to syncope in patients with HCM. The precise mecha-
nism may not be identified despite the use of multiple diagnostic
tests. Thus, they prudentially preferred to classify syncope as
unexplained.

. Scarce availability of most necessary tests for syncope evaluation

might be considered especially in older studies.

Physicians were concerned on the low sensitivity and specificity
of the diagnostic tests. They refrained to perform an extensive
diagnostic assessment, which, even when described, very rarely
showed a cause-effect relationship. The documentation of a sus-
tained VT was uncommon and was frequently associated with left
ventricular apical aneurysm [71]. Syncope due to severe LVOT
obstruction was induced during exercise test in only 1% of pa-
tients (Table 2). Stress echocardiography may be able to repro-
duce LVOT obstruction [72], but it has never been reported in the
assessment of patients with unexplained syncope. In the absence
of a causal relationship, most diagnosis remained uncertain. Non-
sustained VT is a known risk factor, and it could be documented
by ambulatory ECG monitoring in about one third of patients, but
its prevalence was similar in patients with and without syncope,
making uncertain a direct causal relationship [45]. Although by
tilt testing, reflex syncope was identified in about one fourth of
the patients, its role is also debated [1,19,49,73-75]. Owing to its
supposed low specificity, tilt testing was considered not superior
to clinical history for the diagnosis of reflex syncope. The pres-
ence of asymptomatic sinus node dysfunction [76], conduction
abnormalities [77-79] or atrial tachyarrhythmias [80,81] was
rarely reported and it was not necessarily considered the cause of
syncope.
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iv. HCM physicians mainly focused on SCD prevention, with a minor
interest in performing a comprehensive evaluation aimed to un-
derstand the exact mechanism of syncope or to prevent syncopal
recurrences and atrial tachyarrhythmias [80,81].

v. Surprisingly, no study reported data on ILR and on carotid sinus
massage in HCM patients with syncope, despite these tests are
considered among the most useful for the diagnosis of syncope
[66]. Admittedly, the studies were predominantly done prior to
the widespread use of ILRs. ILR was actually used in two case
reports [82,83]; in both ILR was able to demonstrate a causal
relationship between symptoms and arrhythmia and to guide the
mechanism-specific therapy. ILR was also recently used in 25
HCM patients who had a combination of symptoms (e.g., recur-
rent presyncope, palpitations), presence of myocardial fibrosis
and/or an intermediate risk for SCD (5-year risk of SCD > 4 to
<6%) [84]. During a mean of 17 months of follow-up, ILR
detected atrial fibrillation and supraventricular arrhythmias in 5
patients, sinus node dysfunction leading to pacemaker implan-
tation in one patient and non-sustained VT leading to implanta-
tion of ICD for primary prevention in 2 patients.

In non-HCM patients aged >40 years who had syncope compatible
with a reflex mechanism, carotid sinus syndrome accounted for 8.8% of
its causes [68]. In non-HCM patients with unexplained syncope, pro-
longed ECG monitoring by means of an ILR was able to provide a
diagnosis in 35% - 46% of cases [68]. Both the 2014 ESC HCM guidelines
[1] and the 2018 ESC guidelines on syncope [68] recommend ILR in
patients with HCM and recurrent episodes of unexplained syncope (class
IIa, LoE C).

4.4. Syncope recurrence and quality of life

Recurrence of syncope is a clinical and social problem especially in
older patients as it is usually more severe than in younger people. It may
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significantly impact individuals’ quality of life, functional autonomy,
and prognosis. Data regarding syncopal recurrences during follow-up
are scarce. ICD follow-up studies are mainly focused on SCD and ICD
appropriate or non-appropriate discharge, and syncopal recurrences are
rarely reported during follow-up. There is an urgent need to increase
diagnostic capabilities and collect follow-up data.

5. Conclusions

The assessment of the causes of syncope in HCM is often a challenge
for clinicians and cardiologists as misdiagnosis may have serious con-
sequences. In the current practice, the cause of syncope remained un-
explained in most patients affected by HCM. It seems that the
management of syncope in HCM was mainly driven by risk stratification
of SCD. While ESC 2014 HCM guidelines [1] gave suggestions and rec-
ommendations for the assessment of syncope, the most recent 2020
AHA/ACC HCM guidelines [69] consider unexplained syncope as a risk
factor for SCD and ICD selection, being less focused on etiological
diagnosis.

Syncope is likely to recur and may impact on quality of life and
morbidity even if it is not caused by a life-threatening arrhythmia.
Therefore, understanding its mechanism is a pre-requisite for preventing
recurrences. In the current practice of HCM patients, diagnostic assess-
ment identified a mechanism in a minority of subjects, while the positive
findings of diagnostic tests were poorly correlated with SCD or ICD
discharge.

Therefore, we feel there is a need of precise instructions how to apply
the recommendations of current guidelines to this disease, which tests
are indicated and how to interpret their findings. In part II, an ad hoc
consensus of experts in HCM and in syncope will propose a practical
algorithm tailored for the diagnosis and management of syncope in
patients with HCM.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2022.03.028.
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