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Background: Atrial fibrillation (AF) is a frequent occurrence in patients with hypertrophic cardiomyopathy
(HCM). It is associated with worsening symptoms, cardiovascular events, and mortality. We conducted a
meta-analysis of studies reporting on mortality in patient with HCM and AF.

Methods: We searched PubMed, Medline, Embase, Ovid and Cochrane for studies which reported
cardiovascular events and mortality in patients with HCM and AF. Outcome was a composite of cardiac
mortality and/or all-cause mortality. Mantel Haenszel odds ratio (OR) or hazard ratio (HR) were calculated
using random-effects meta-analysis for the prespecified outcome. Heterogeneity was assessed using I’
statistics.

Results: Six studies met the inclusion criteria. There were 6,858 patients; 1,314 (19%) had history of AF.
During a mean follow up that ranged between 4 and 8 years, 405 (30.8%) patients with AF died as compared
to 1,011 (18.2%) patients without AF (OR =2.49, 95% CI: 1.85-3.35, P<0.00001, I’=57%). Results persisted
with inclusion of studies only reporting specifically on cardiac mortality (OR =2.80, 95% CI: 1.79-4.39,
P<0.00001, ’'=56%). Also, the mortality difference persisted after exclusion of deaths secondary to stroke in
both groups (2 studies, 1,398 patients, OR =2.57, 95% CI: 1.57-4.20, P=0.0002, I’'=31%). In three studies
(5,857 patients); the presence of AF was associated with a pooled HR of 1.66 (95% CI: 1.29-2.13, P<0.0001,
’=41%).

Conclusion: Patients with HCM who develop AF have higher risk of mortality and cardiac deaths as
compared to HCM patients without AF.
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Introduction

Hypertrophic cardiomyopathy (HCM) is the most
commonly inherited cardiomyopathy (1). It is associated
with sudden cardiac death (SCD) and progressive
ventricular dysfunction (2,3). It is a complex syndrome with
variable cardiac pathology including atrial and ventricular

arrhythmias, systolic and diastolic dysfunction, mitral valve
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disorders, left ventricular (LV) hypertrophy, left ventricular
outflow tract (LVOT) obstruction (4,5). Atrial fibrillation
(AF) is a common occurrence in patients with HCM, with
a recently published meta-analysis of 33 studies reporting
a prevalence of 22.45% (6). AF is associated with adverse
outcomes in HCM patients with a varied phenotypic
and clinical profile as compared to those in normal sinus
rhythm (7-13). This is thought mainly to be related to
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stroke risk, worsening heart failure symptoms and poor
functional capacity. However, there is a suggestion that
there is an increased risk of SCD after excluding underlying
stroke and heart failure related deaths (7,8), with the
mechanism remaining largely unknown. Currently there
are no prospective studies or randomized controlled trials
in patients with HCM who have or develop AF. However,
multiple observational studies examined the association
between the development of AF in HCM patients and
increased risk of death (7-14,15). Given the individual
differences among these studies and the mixed nature of the
HCM population evaluated, we performed a meta-analysis
of all studies reporting on the mortality in HCM patients
with and without AF to further understand the relationship
between AF in HCM and mortality.

Methods

We conducted a meta-analysis of observational studies
following MOOSE (Meta-analysis of Observational Studies
in Epidemiology) guidelines (16).

Literature review

We searched five databases including PubMed, Medline,
Embase, Ovid and Cochrane for relevant studies (Jan 1980—
August 2015). This search was independently conducted
by two investigators (A.M and M.Y.D). Key terms used
were “atrial fibrillation in hypertrophic cardiomyopathy”,
“atrial fibrillation outcomes hypertrophic cardiomyopathy”,
and “hypertrophic cardiomyopathy outcome”. The search
parameters were limited to English language only. Abstracts
and full texts of potential studies were reviewed.

Study selection and inclusion criteria

Studies evaluating AF in HCM were reviewed. Studies were
selected on the basis of reporting on HCM patients with
and without AF, comparing mortality (cardiac mortality, all-
cause mortality, or both) and outcomes in both groups.

Exclusion criteria

(I) Studies reporting on patients without HCM; (II)
Absence of mortality as an outcome; (III) Duplicate studies
either from the same author, same institution or similar
patient population studied.
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Data extraction

Relevant information was collected independently by
two investigators (A.M and M.Y.D). This included (but
not limited to): age, gender, comorbidities, symptoms,
medications, family history of SCD, LVOT obstruction,
left atrium volume index (LAVI), left atrial dimensions, LV
thickness, LV ejection fraction (LVEF), % of patients in New
York Heart Association (NYHA) class ITI/IV, presence of an
internal cardiovertor-defibrillator (ICD), and percentage of
patients undergoing invasive approach with either myectomy
(+/- other surgeries) or alcohol septal ablation.

Outcome

Primary outcome was mortality across all studies over the
follow up period (including aborted SCD if reported).
Multiple secondary analyses were performed, including
(I) cardiac mortality; (II) cardiac mortality related to heart
failure or SCDj; (III) cardiac mortality excluding stroke
related mortality; (IV) meta-analysis of adjusted hazard
ratios (HR) was reported when available

Statistical analysis

Continuous variables are expressed as mean and/or median
and compared using Student’s #-test. Categorical data are
expressed as percentage. We used Mantel Haenszel odds
ratio (OR) utilizing DerSimonian and Laird’s random-
effect models (17). When combing hazard ratios, study-
specific estimates were combined using inverse variance-
weighted averages of logarithmic HR in random-effects
model. Statistical significance was set at a P value <0.05
(2-tailed). We assessed heterogeneity among studies using
the inconsistency index (I°) statistic (range from 0% to
100%, I’>60% designate significant heterogeneity (18).
Potential publication bias was evaluated by Begg’s funnel
plot method (19). In order to estimate the total number
of events in each group when not reported, annual rate of
event was multiplied by the mean of follow up.

In order to further analyze our results and detect any
potential heterogeneity contributed by an individual study,
we performed one study removed meta-analysis; where each
time the analysis is done by removing one study at a time
and evaluating the change in the measured effect and the
reported heterogeneity. All analyses performed using Review
Manager (version 5.3, The Cochrane Collaboration, Oxford,
USA) and SPSS version 11.5 (SPSS Inc., Chicago, IL, USA).
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Figure 1 Diagram showing the search strategy, exclusion steps, and included articles.

Results
Study selection

Initial search yielded 660 studies, after screening titles and/
or abstracts, 32 full texts were reviewed. We included 6
studies (all observational studies; Figure 1). Search did not
yield any randomized trials.

Characteristics of included studies

Baseline characteristics of individual studies are summarized
in Table 1. There were 6,858 patients with history of
HCM; 1,314 (19%) had coexistent AF either at baseline
or developed during follow up. Mean follow up duration
ranged between 4 and 8 years. Four studies directly
evaluated the relationship between developing AF in HCM
and outcomes (7,9,10,15). The other two studies looked at
HCM epidemiology and reported mortality in patients with
AF as compared to those without (8,14).

Outcomes

The individual study breakdown of number of events and
mode of death in patients with HCM with or without AF
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are outlined in 7able 2. Two studies (10,15) reported only
all-cause mortality, while the other four studies reported on
cardiac mortality (7-9,14).

(I) Combining all studies (all-cause mortality and
cardiac mortality): Out of 6,858 patients, 1,416
(20.6%) patients died. 405 or 30.8% of patients
with AF died as compared to 1,011 or 18.2% of
patients without AF (OR =2.49; 95% CI: 1.85-3.35,
P<0.00001, I’=57%) (Figure 2). Funnel plot for the
included studies is shown in Figure 3;

(II) Cardiac mortality (excluding studies reporting
only all-cause mortality): Out of 3,011 patients,
298 (10%) died during follow up. 113 or 18%
of patients with AF died from cardiac cause as
compared to 185 or 8% of patients without AF
(OR =2.8; 95% CI: 1.79-4.39, P<0.00001, ’=56%)
(Figure 4). Funnel plot is shown in Figure 5. Cardiac
mortality (excluding deaths related to stroke). Two
studies reported on the specific mode of cardiac
death (7,8). Out of 1398 patients, 116 (8.3%)
patients died. 46 or 14% of patients with AF died
from cardiac cause other than stroke-related deaths
as compared to 70 (6.4%) patients without AF
(OR =2.57; 95% CI: 1.57-4.20, P=0.0002, ’=31%)
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HCM with AF HCM without AF Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Robinson 1990 22 52 28 122 11.9% 2.46[1.23,4.92] 1990 - =
Higashikwa 1997 1 19 5 64 1.7% 0.66 [0.07, 5.98] 1997 *
Maron 1999 41 153 45 591 18.5% 4.44[2.78,7.10] 1999 —
Tian 2013 22 158 28 496 14.5% 2.70[1.50, 4.88] 2013 -
Siontis 2014 270 650 798 3023 30.8% 1.98 [1.66, 2.36] 2014 -
Desai 2015 49 282 107 1248 22.6% 2.24[1.55, 3.23] 2015 -
Total (95% CI) 1314 5544 100.0% 2.49 [1.85, 3.35] D
Total events 405 1011
Heterogeneity: Tau? = 0.07; Chi2 = 11.70, df = 5 (P = 0.04); 12 = 57% 012 015 2 5
Test for overall effect: Z = 6.06 (P < 0.00001) HCM with AF HCM without AF
Figure 2 Forrest plot of all-cause mortality among all six studies.
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Figure 3 Funnel plot for studies reporting on combined all-cause Figure 5 Funnel plot for studies reporting on cardiac mortality.

and cardiac mortality.

HCM with AF HCM without AF Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Higashikwa 1997 1 19 ] G4 3.8% 066 [0.07, 5.98] 1997 +
Maron 2000 11 1463 45 581 32.2% 4.44[2.78,7.10] 2000 —
Tian 2013 22 158 28 486 26.7% 2.70[1.50,4.88] 2013 [ —
Desai 2015 49 282 107 1248 374% 224 1.55,3.23] 2015 —
Total (95% CI) 612 2399 100.0% 2.80 [1.79, 4.39] ~ el
Total events 113 185
Heterageneity: Taw®=0.10; Chi*= 6.80, df= 3 (P = 0.08), F= 56% o ) o' % i e

Testfor overall effect 2= 4.52 (P = 0.00001)

Figure 4 Forest plot of cardiac mortality only.

(1)

V)

(Figure 6);

Meta-analysis of adjusted hazard ratios predicting
the outcome of mortality (all-cause/cardiac). Three
studies (5,857 patients) reported on HR for the
presence of AF in HCM patients as compared to
absence of AF; the weighted HR was 1.66 (95% CI:
1.29-2.13, P<0.0001, I’=41%) (Figure 7);
Sensitivity analysis. A one study removed Sensitivity
analysis was performed (after removal of 1 study,
Maron et al. (8) on the primary outcome (i.e.,
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Favours [HCM with AF]  Favours [HCM without AF]

combined all-cause mortality and cardiac mortality
among all 6 studies) to examine the contribution of
each study and to examine sources of heterogeneity.
Results of the estimated effect persisted with the
removal of one study at a time across all analyses (six
total analyses were performed). Exclusion of one
study by Maron et 4/. (8) resulted in similar results
but improved homogeneity and narrower CI (OR
=2.07; 95% CI: 1.79-2.41, P<0.00001, ’=0%).
Removal of the largest study by Siontis resulted

Cardiovasc Diagn Ther 2017;7(1):36-44
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HCM with AF HCM without AF Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events  Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI
Maron 2000 31 143 44 591 59.4% 316 [1.92,521] 2000 ——
Tian 2013 15 158 26 496 40.6% 1.80[0.98, 368] 2013 —
Total (95% CI) 31 1087 100.0% 2.57 [1.57,4.20] el
Total events 48 7o
Heterogeneity: Tau®= 0.04; Chi*=1.46,df=1 (P=0.23); F= 31% DI2 DIS 2

Test for overall effect 2= 3.76 (F = 0.0002)

|
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Figure 6 Forest plot of cardiac mortality excluding stroke related mortality.
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Hazard Ratio
IV, Random, 85% CI
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Siontis 201 4 056 0.08 62.2%  1.75[1.50,2.08] 2014 —-
Desai 2015 064 019 285%  1.90[1.31,2.75] 2015 —
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Heterogeneity Tau?= 0.02; Chi*= 3.40, df= 2 (P = 0.18); F= 41% Pi— e

Testfor averall effect: £=3.82 (P = 0.0001)

HCM without AF - HCM with AF

Figure 7 Forest plot of adjusted hazard ratios to predict the outcome of any mortality.

in similar results (OR =2.76, 95% CI: 1.94-3.93,
P<0.00001, I’=42%).

Discussion

In this current systematic review and meta-analysis of the
impact of development or presence of AF on outcomes
in patients with HCM, we show that in a large cohort of
patients with HCM, AF was common, with a prevalence of
19%, and was associated with more cardiac events/mortality
as compared to HCM patients without AF. This finding
persisted even after the inclusion of studies reporting on
cardiac mortality only.

In terms of the magnitude of effect on mortality posed
by the development of AF in HCM, few studies examined
the presence of AF as a predictor of mortality. A recently
published study by our group that is included in this meta-
analysis (14), showed that AF is a predictor of cardiac
mortality and ICD shocks in multivariate analysis with HR
of 1.90 (95% CI: 1.32-2.72, P<0.001). Similarly, a study
from Mayo Clinic reported that AF is a predictor of all-
cause mortality with HR of 1.76 (95% CI: 1.51-2.03) (10),
with the association persisted after adjusting for age, sex,
family history of SCD, NYHA class III/IV, and obstructive
phenotype. We attempted to do a meta-analysis of reported
HR across studies. However, only 3 studies (5,857 patients)
reported on HR for the presence of AF; weighted HR of 1.66
(95% CI: 1.29-2.13, P<0.0001, P=41%).

AF in HCM is common, with a prior meta-analysis
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of 7,381 HCM patients showing an overall prevalence
of 22.45% (6). Currently, there are no randomized trials
in patients with HCM with or without AF. Prior meta-
analyses published evaluated the prevalence/incidence of
AF in HCM, LA size, and risk of thromboembolism in that
group (6). However, since these analyses included a wide
range of studies with broad selection criteria, no analysis on
mortality outcome was reported. In this current analysis,
our main goal was to analyze mortality among published
studies, thus limiting the number of included studies but
still with a large cohort of patients.

The optimal management strategy in HCM patients
with concomitant AF is yet to be determined. Some studies
looked at the use of antiarrhythmic (primarily Amiodarone)
(15,20-22), while others evaluated more invasive strategies
such as catheter based AF ablation or surgical based
intervention (23-26). It remains poorly understood why
HCM patients with AF undergoing ablation (either
catheter based or surgical) have higher rates of recurrence
as compared to AF in non-HCM patients (23-27). A recent
met-analysis have shown how it is feasible to perform
catheter ablation for HCM patients with AF, but with a
32.9% single procedure success without anti-arrhythmics,
that rose to 50.4% with multiple procedures (28).
Currently, there is not enough data evaluating incidence of
cardiovascular events or mortality in patients with HCM
and AF undergoing invasive interventions to eliminate AF
as compared to those receiving medications only (for either
rhythm or rate control). It would be prudent to evaluate

Cardiovasc Diagn Ther 2017;7(1):36-44
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these strategies in a prospective and/or randomized fashion
to see if they have an effect on mortality or morbidity of
HCM patients.

HCM is a complex syndrome, with risk of SCD through
ventricular arrhythmias (1,3). AF initially was not thought
to be associated of excess mortality in HCM patients (15).
However, since then, many reports from various parts of
the world have shown worse prognosis with the presence
of AF even after adjusting for various risk factors (7-14).
Mortality related to AF could be explained by various
pathophysiological mechanisms that occur in patients with
AF without underlying HCM, which is usually related to
thromboembolism (stroke or systemic embolism), related
to side effects of warranted anticoagulation, particularly
intracranial bleed, or related to the development of systolic
dysfunction and progressive heart failure (27). However, in
HCM patients, some studies have shown AF to be associated
with increased risk of SCD after excluding underlying
stroke and heart failure related deaths (7,8), with the
mechanism remaining largely unknown. In some reports, it
was theorized that AF might trigger ventricular arrhythmias
(29,30), reduce ventricular tissue refractory period (30),
pro-arrhythmia through the short-long-short cycle length
sequence (31) and it affects cardiac output through loss
of atrial kick (32), Also, AF could be a sign of increased
catecholamines that also would be an underlying stimulus
for ventricular tachycardia (33). In the current analysis, only
2 studies in 1,398 patients (7,8) reported on the specific
cause of cardiac death, and after excluding stroke-related
deaths, AF was still associated with increased mortality
(OR =2.57;95% CI: 1.57-4.2, P=0.0002, I’=31%). However,
from the perspective of ICD recommendations, based on
current guidelines (1,3), presence of AF is not considered to
be a major risk factor for SCD. However, based on results
of the current meta-analysis and above reported data (11-13),
it appears that there might be an association between AF
and SCD. If so, then such patients (especially those with
permanent AF) might need to be evaluated for an ICD.
However, these findings require prospective validation.

Limitations

As with any meta-analysis of studies reporting on
uncommon diseases, there was a lack of randomized trials.
Even though HCM is relatively common, all published
literature is observational in nature, but it represents the
basis of most guidelines’ driven recommendations in HCM
patients and current best practice. Hence, our aim was
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to evaluate the published literature and thus all included
studies were observational in nature. Another limitation is
that we included only six studies. This is related to having
a strict inclusion criteria looking specifically at mortality in
patients with HCM and AF as compared to HCM patients
without AF. Also, we excluded studies reporting on the same
patient population, or studies published from same hospital
or the same research group. This led to us being very
restrictive in terms of study inclusion since most published
literature on HCM comes from few centers around the
world. However, those six studies included a large number
of patients to analyze, and with varied geographical
distribution, making them a very good representative
cohort. Given the observational nature of the included
studies, data on the mode of death if it was sudden cardiac
death secondary to ventricular arrhythmias were limited;
thus we used cardiac and all-cause mortality in the primary
outcome. Also, the use of ICDs was not universal across
studies, so reporting on the benefit of ICDs in modulating
the risk of mortality associated with AF in HCM population
is not possible and beyond the scope of this manuscript.
Finally, studies varied in the reporting on known co-existent
risk factors for mortality or SCD in HCM patients. So there
could be confounding in reporting on HCM patients with
AF. However, the largest studies examined in a multivariate
model the association between AF and mortality after
adjusting for known risk factors and the association between
AF and mortality remained significant (10,14).

Conclusions

Patients with HCM who develop AF have higher risk of all-
cause mortality and cardiac deaths as compared to HCM
patients without AF, with an increased incidence of sudden
cardiac death, heart failure related deaths, and stroke
related deaths. There is a need for a clinical trial comparing
the current various treatment strategies for AF in HCM;
to determine which strategy would best modulate the
increased risk of death in this population.
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