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Abstract \\\\
Background: Owing to reports of recurrent cardiac events in some catecholaminergic polymorphic ventricular tachycardia (CPVT) |
patients using B-blockers, safer alternatives are being investigated. Flecainide is an alternative adjunctive anti-arrhythmic agent
known to provide incomplete protection to CPVT patients.

Methods: To investigate the efficacy and tolerability of flecainide, we searched 4 databases for retrospective cohort studies (RCs)
and randomized controlled trials (RCTs) investigating the efficacy and safety of flecainide for CPVT patients. Data were extracted and
analyzed (risk ratio [RR] or mean difference [MD]) using RevMan software. Seven RCs and 1 RCT (333 CPVT patients; 152 patients
treated with flecainide) were identified.

Results: Flecainide monotherapy was superior to standard therapy in alleviating the risk of arrhythmic events (RR=0.46,
confidence interval [Cl]=[0.38, 0.56], P<.00001) and exercise-induced arrhythmia scores (MD=-0.39, Cl=[-0.74, —0.05],
P=.03). Combination therapy of flecainide and B-blockers was superior to B-blocker monotherapy in reducing the risk of arrhythmic
and symptomatic events (RR=0.29, CI=[0.13, 0.69], P=.005; RR=0.36, Cl=[0.20, 0.62], P=.0003, respectively), peak heart rate
(MD=-16.81, Cl=[-28.21, —5.41], P=.004), and exercise-induced arrhythmia scores (MD=—1.87, Cl=[—2.71, 1.04], P < .0001).
Flecainide did not increase the risk of all side effects (RR=0.76, Cl=[0.42, 1.40], P=.38) compared to that with B-blockers alone. No
deaths were reported among patients treated with flecainide.

Conclusions: Flecainide is an effective and safe anti-arrhythmic agent, and its use as a monotherapy might be a good alternative
for CPVT patients with B-blocker intolerance. Combination therapy was superior to B-blocker monotherapy. More randomized
clinical trials are required to explore the long-term efficacy and safety of flecainide in these patients.

Abbreviations: CPVT = catecholaminergic polymorphic ventricular tachycardia, MD = mean difference, RC = retrospective
cohort, RCT = randomized controlled trial, RR = risk ratio, RyR2 = cardiac ryanodine receptor, SCD = sudden cardiac death.
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1. Introduction

Catecholaminergic polymorphic ventricular tachycardia (CPVT)
is a rare inherited arrhythmogenic disorder, and is a common
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cause of sudden cardiac death (SCD) in young and otherwise
healthy patients.!""?! Its exact prevalence is unknown, but has
been estimated to affect 1 in 10,000 individuals.”*! Mutations in
the RyR2gene encoding the cardiac ryanodine receptor Ca**
release channel are the leading cause of this condition.!*>! CPVT
arrhythmic patterns can be reproduced using exercise stress
tests,'®! and therefore, exercise testing is the most helpful clinical
tool to diagnose CPVT.®! Genetic testing is recommended for
families affected by CPVT, as knowledge that someone in the
family has a mutation can help to manage the disease better.”!
Currently, no treatment is completely effective or without risks
for patients with CPVT. B-blockers reduce CPVT-induced
ventricular arrhythmias and are indicated for use in all patients
for symptom relief and the prevention of SCD as a first-line
treatment. Previously, Leren et al revealed that nadolol, an
unselective B-blocker, might be superior to B;-selective B-block-
ers in preventing arrhythmias in patients with CPVT.!®!
Unfortunately, treatment failure is frequent, and side effects
associated with B-blockade result in 8% of patients being taken
off the drug or given a reduced subtherapeutic dose."”! Flecainide
is approved for use and works by blocking RyR2 channels,
thereby preventing RyR2-mediated premature Ca®* release, a
clear trigger for ventricular arrhythmias. Studies describing the
monotherapeutic use of flecainide have reported that it is at least
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as effective as B-blockers.>*! At present, the use of flecainide and
B-blockers as a combined therapy has been tentatively reported
to further reduce ventricular arrhythmias in CPVT patients
compared to that using B-blockers alone, but definitive evidence
is still lacking. To date, B-blocker monotherapy is still defined as
standard therapy for CPVT. In addition, previous studies have
also reported the use of B-blockers in conjunction with
verapamil-type calcium channel antagonists for CPVT patients
as standard therapy sometimes.'”! Data and the analysis of
flecainide in CPVT are limited at the current time. In this study,
we aimed to systematically review the published retrospective
cohort studies (RCs) and randomized controlled trials (RCTs)
and perform meta-analysis on the data.

2. Methods

The review was conducted and reported according to the
preferred reporting items for systematic reviews and meta-
analyses statement. An ethical approval was not necessary since
meta-analysis was based on secondary data and not involved
individual patients.

2.1. Eligibility criteria
Inclusion criteria were as follows:

(1) RCs or RCTs;

(2) baseline characteristics of patients with CPVT;

(3) intervention of flecainide monotherapy or combination
therapy at all doses;

(4) controls of B-blocker monotherapy or standard therapy with
head-to-head comparisons;

(5) long-term follow-up and outcomes including efficacy and
safety parameters related to the treatment.

The primary efficacy outcomes were arrhythmic events,
symptomatic events, exercise-test results, and exercise-induced
arrhythmia scores. Safety outcomes were defined as side effects or
death events.

Exclusion criteria were as follows:

) animal, cell, or molecular studies,
) lack of a control group,
) incomplete data, or

) non-English publication.

2.2. Search strategy

A comprehensive literature search was performed for records
published before February 1, 2019 using the Cochrane Library,
PubMed, Embase, and Web of Science. Combinations of medical
subject headings and free terms were used as a search strategy,
including “CPVT,” “flecainide and CPVT,” “clinical manage-
ment,” “therapeutic strategies.” All manuscripts were published in
English. The most updated/inclusive data on each study were used
for abstraction. Reference lists of relevant studies were also scanned.

2.3. Data extraction

Data were extracted by 2 independent reviewers. Extracted data
included the following:

(1) the main characteristics of the study design,
(2) baseline data of enrolled patients,
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(3) risk of bias, and
(4) study outcomes.

The events and total number of patients were extracted as
dichotomous data within study groups, whereas continuous data
were extracted as mean, standard deviations, and numbers of
patients within study groups. Discrepancies were solved by
discussion and consensus between reviewers. Figure 1 shows a
flowchart for the study selection process.[’*19!

2.4. Quality assessment

Quality assessment was performed by 2 independent reviewers
according to the Newcastle-Ottawa Scale,™®! which can be used
for RCs (Fig. 2). Quality scores were assigned to each study after
discussion and consensus among the reviewers. Seven cohort
studies chosen for this meta-analysis were given quality scores
above 6, constituting high methodological quality. The quality
assessment of Kannankeril 2017 was conducted using QUADAS-
2 tool criteria due to the presence of a RCT. A risk of bias
assessment was also carried out for the work by Kannankeril
2017, and the study showed “low risk” as shown in Figure 2.
Together, therefore, an independent evaluation of all pooled
studies confirmed a low risk of bias.

2.5. Data analysis

Dichotomous data were pooled as risk ratios using the Mantel—-
Haenszel method. Continuous data were pooled as mean
differences (MDs) using the inverse-variance method. Missing
or unreported standard deviations were calculated from the
standard error or 95% confidence interval (CI) according to the
Cochrane handbook for systematic review of interventions. The
cut-off value for statistical significance was P <.05. We used
Review Manager (RevMan version 5.3.5 for Windows) to
conduct meta-analyses and generate forest plots.

2.6. Assessment of heterogeneity

Heterogeneity was first assessed by visual inspection of the forest
plots and then measured using I-square and Chi-square tests. We
assessed and interpreted heterogeneity according to the recom-
mendations of the Cochrane Handbook for Systematic Reviews
of Interventions (Chapter 9). When significant heterogeneity was
present (I-square >50% and Chi-square P<.1), we performed
the analysis under the random effect model. Otherwise, the fixed-
effect model was adopted (I-square <50% and Chi-square
P>.1). Subgroup analysis was performed based on therapeutic
strategies, symptomatic events, and side effects to reduce
heterogeneity, and 4 subgroups were divided from included
studies. In addition, to identify the heterogeneity caused by
different methods of scoring, we performed sensitivity analysis
using the leave-one-out method.

2.7. Publication bias

Funnel plots were constructed to assess publication bias,
and none of the subgroups showed significant bias (Fig. 3).
According to the Egger regression test, publication
bias assessment is not reliable for fewer than 10 pooled studies
per outcome.!'”! Therefore, we could not conduct the Egger
test.
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Figure 1. Study selection flowchart.

3. Results

A total of 7 RCs and 1 RCT met the eligibility criteria and were
included for quantitative analysis. The clinical characteristics of
patients with CPVT are shown in Table 1. A total of 333 CPVT
patients and 161 patients with RyR2 mutations were included
and the majority were severely symptomatic and genotype RyR2-
positive young female patients (<20 years of age) treated with
B-blockers, which might have been associated with the secretion
of sex hormones. In addition, a total of 152 CPVT patients
treated with flecainide were identified, as shown in Table 2. The
qualitative scoring system proposed by Van der Werf et al was
applied to quantify exercise-induced ventricular arrhythmias.'"!
Exercise-induced arrhythmic events were analyzed and scored
using the following predefined parameters: 0=no ventricular

ectopy; 1=isolated premature ventricular contractions (<10 per
minute); 2=bigeminal and/or frequent premature ventricular
contractions (>10 per minute); 3=a single couplet or couplets;
4=nonsustained bidirectional and/or polymorphic ventricular
tachycardia. We quantified all exercise-induced results and listed
them in Table 3.

First, our meta-analysis was directed towards measuring the
efficacy of flecainide. According to the subgroup analysis,
flecainide monotherapy was associated with a significant
decrease in the risk of arrhythmic events (RR=0.46, Cl=
[0.38,0.56], P <.00001) unlike standard therapy, as was the case
with combination therapy (RR=0.29, CI=[0.13, 0.69], P=.005)
(Fig. 4). In addition, flecainide monotherapy reduced the risk of
arrhythmic events compared to that with standard therapy in
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Study Selection Comparabiity Outcome Quality score Risk of bias
Van der Werf 2011 3 2 3 8 Low risk
Watanabe 2013 3 2 3 8 Low risk
Khoury 2013 3 2 2 7 Low risk
Roses-Noguer 2014 3 2 2 7 Low risk
Padfield 2015 3 2 1 6 Low risk
Roston 2015 3 2 2 7 Low risk
Wangtiemert 2017 3 2 3 8 Low risk

A Quality score of low risk=5, and high risk=4.

Other bias

® OO S e e | :ozusueuey

B

Random sequence generation (selection bias)

Allocation concealment (selection hias)

Blinding of paricipants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (aftrition bias)

Selective reporting (reporting bias)

Figure 2. Quality assessment of the included studies using the NOS and QUADAS-2 tool criteria in A and B, respectively. NOS = Newcastle-Ottawa Scale.

CPVT patients with and without genetic mutations (RR=0.435,
CI=[0.36,0.57], P <.00001; P=.0001) (see Fig. 1, Supplemental
Content, http:/links.lww.com/MD/D195, which illustrates the
comparison between flecainide monotherapy and standard
therapy for the risk of arrhythmic events in CPVT patients with
genetic mutations and without genetic mutations). However,
there was no significant difference between the efficacy of
combination therapy and flecainide monotherapy (P=.7).
Analysis of the incidence of symptomatic events showed that
there was a significant difference between combination therapy
and B-blocker monotherapy (RR=0.36, CI=[0.20, 0.62],
P=.0003) (Fig. 5). Especially, combination therapy could
obviously reduce the incidence of symptomatic events compared
to that with B-blocker monotherapy in patients with genetic
mutations (RR=0.13, CI=[0.02, 0.92], P=.04) (see Fig. 2,
Supplemental Content, http:/links.lww.com/MD/D195, which
illustrates the comparison between combination therapy and
B-blocker monotherapy for the risk of symptomatic events in
CPVT patients with genetic mutations and without genetic
mutations).

In the exercise test results, mean peak heart rates were lower
with combination therapy than with B-blocker monotherapy
(MD=-16.81, CI=[-28.21, —5.41], P=.004) (Fig. 6B). How-
ever, there was no significant difference in resting heart rate in

patients treated with combination therapy compared to that with
B-blocker monotherapy (MD=-1.68, CI=[-8.13, 4.78], P
=.61). The same was true of the sinus rate at the onset of
ventricular arrhythmias (MD=0.16, CI=[-14.96, 15.27], P
=.98) (Fig. 6A and C). In comparing patients treated by flecainide
monotherapy versus standard B-blocker monotherapy, there was
no significant different in the resting heart rates (MD =3.38, CI=
[-1.18, 7.93], P=.15), peak heart rates (MD=-5.53, CI=
[-12.36, 1.30], P=.11), or sinus rates at onset of ventricular
arrhythmias (MD=3.75, CI=[-4.93, 12.44], P=.40) (Fig. 7).

Significant heterogeneity was observed in only 2 outcomes
upon subgroup analysis (I-square=75% and Chi-square P=.02;
I-square=91% and Chi-square P<.00001) (Fig. 8A, C).
Analysis of these outcomes was therefore conducted using the
random-effects model. After sensitivity analysis, it was decided
that the heterogeneity would be best resolved by removing the
studies by Khoury 2013 and Wangiiemert 2017. After their
removal, the effect estimate remained significant in the 2
outcomes.

Next, we measured the MD in exercise-induced arrhythmia
scores, and our analysis showed that combination therapy was
favored over B-blocker monotherapy (MD=-1.87, CI=[-2.71,
1.04], P<.0001) (Fig. 8B). The same was true of flecainide
monotherapy, which was favored over standard therapy


http://links.lww.com/MD/D195
http://links.lww.com/MD/D195

Wang et al. Medicine (2019) 98:34

www.md-journal.com

04 SE(log[RR]) n 0‘_9E(|DEIHRD i
,’(? %
R ¢ Y
0.21 iy P X
P ost b BN
i ' \ |
§ :
0.41 | \ P '
| ; :
| T :
0.6 : |
H ) ]
| \ i
{ \ 3 :
! \ 15t / :
087 ! 1
{ H \ 1
! | \ ) \
! : \ ; 3
i i H N
o 1 RR : ! RR
1 + + { } } e |
0.01 01 10 00 0m 0.1 1 10 100
A B
- SE0aIRR] - ﬂ‘,EE(IunrRRD -
L1 i
bix |
LN a
- ; .1
0st q 05t lg0
" | 1
! ;
! :
11 | 11 1
/ 1 ; :
¥ I / !
1 H
| H
! H
o O | ,r’ H \‘
15T L i 15T i
' o }
| H
i |
e s
L i i RR - .y 4 RR,
i 01 10 wo Bot 01 1 10 100
o} D

Figure 3. Funnel plots showing no significant publication bias in the different subgroups. (A) Arrhythmic events: flecainide monotherapy versus standard therapy;
(B) arrhythmic events: combination therapy versus B-blocker monotherapy; (C) symptomatic events: combination therapy versus B-blocker monotherapy; (D) side
effects: flecainide versus B-blocker.

Baseline characteristics of patients with catecholaminergic polymorphic ventricular tachycardia in the included studies.

Van der Watanabe Khoury Roses-Noguer Padfield Roston Wangiiemert Kannankeril
Study Werf 2011 2013 2013 2014 2015 2015 2017 2017
Total (n) 33 12 10 13 8 226 18 13
Proband (n) 15 6 NA 9 NA 170 5 NA
Family member (n) 18 6 NA 4 NA 56 13 NA
Male gender (n) 9 6 6 4 NA 111 10 7
Female (n) 24 6 4 9 NA 115 8 6
Age at first symptom yr 13 (1-56) 15+11 NA NA NA 10.8 (6.8-13.2) NA NA
Age at diagnosis, yr 18 (3-57) 22+11 17+4 17.5 (9.1-41.1) NA 11.3 (6.8-15.9) 28.3+16.1 16 (15-22.5)
<10 (n) 6 1 0 2 NA NA 0 0
11-20 (n) 14 6 8 9 NA NA NA NA
>21 (n) 13 5 2 2 NA 0 NA NA
Severest symptoms (n) 22 11 7 13 4 176 NA NA
Syncope 16 7 6 6 4 122 NA NA
Cardiac arrest 4 4 1 7 2 86 NA 4
Palpitations or near syncope 2 2 0 0 0 13 NA NA
Asymptomatic (n) 11 1 3 0 4 43 NA NA
3-blockers 31 12 10 13 7 205 17 13
Mutation (n) 33 0 10 9 8 NA 17 11
RYR2 32 0 0 5 8 89 17 10
CASQ2 1 0 10 3 0 NA 0 1
Others 0 0 0 1 0 NA 0 0
Not analyzed 0 0 0 0 0 44 0 0
Negative 0 0 0 4 0 NA 1 2

Data are mean =+ standard deviation, or median

(range).
NA=not applicable.
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Clinical characteristics of catecholaminergic polymorphic ventricular tachycardia patients treated with flecainide in the included studies.

Study Van der Werf ~ Watanabe Khoury Roses-Noguer Padfield Roston Wangiiemert  Kannankeril
2011 2013 2013 2014 2015 2015 2017 2017

Design Retrospective ~ Retrospective  Retrospective Retrospective Retrospective Retrospective Retrospective Randomized

cohort study cohort study cohort study cohort study cohort study cohort study cohort study controlled trial

Recruitment period, yr 2009-2010 NA NA NA NA 2012-2014 2007-2015 2011-2015

Number of patients 33 12 10 7 8 51 18 13
with flecainide (n)

Age yr (n)
<10 6 1 0 1 NA NA 0 0
>11 and <20 14 6 8 5 NA NA NA NA
>21 13 5 2 1 NA 0 NA NA
Female (n) 24 6 4 4 NA NA 8 6
Male (n) 9 6 6 3 NA NA 10 7
Combined with 31 12 10 7 7 43 17 13
B-blocker (n)

Combined with ICD (n) 12 NA 8 7 NA NA 14 13
Daily flecainide 150 (100-300) 165+46 200 (150-300) 160 (133-247) 150 (100-200) NA 159.38 300 (200-400)
dosage, mg
Follow-up, mo 20 (12-40) 48 +94 15.5 (2-29) 85.8 (20.4-151.2)  37.1 (1.4-755) 156 (10.8-32.4) 31.6+15.4 18
Side effects (n) 6 0 0 NA 1 5 0 0
Cardiac events (n) 1 2 2 2 0 8 2 2
Deaths (n) 0 0 0 0 0 0 0 0

Mutation (n)

RYR2 32 0 10 3 8 NA 12 10
CASQ2 1 0 0 2 0 NA 0 1
Negative 0 12 0 2 0 NA 6 2
Not analyzed 0 0 0 0 0 NA 0 0

Data are mean =+ standard deviation, or median (range).
NA=not applicable.

(MD=—-0.39, Cl=[—0.74, —0.05], P=.03) (Fig. 8D). There was
no significant difference between combination therapy and
flecainide monotherapy (P=.67) (Fig. 8E). Further, flecainide did
not increase the risk of side effects (RR=0.76, CI=[0.42, 1.40],
P=.38) compared to that with B-blockers, as shown in Figure 9.
No deaths were reported in CPVT patients treated with
flecainide, as shown in Table 2.

4. Discussion

In this systematic review and meta-analysis, we investigated the
efficacy and safety of flecainide, a class 1c anti-arrhythmic agent,
for CPVT patients. Major findings included the following:

(1) in accordance with previous studies, genotype RyR2-positive
young patients with severe symptoms have an increased risk
of arrhythmic events;

(2) flecainide monotherapy, compared with B-blocker mono-
therapy, reduces the risk of arrhythmic events as measured by
arrhythmia scores from exercise testing, including patients
with and without genetic mutations;

(3) combination therapy is superior to B-blocker monotherapy in
reducing the risk of arrhythmic as well as symptomatic
events, especially in patients with genetic mutations;

(4) the effectiveness of flecainide might partially be due to a
marked reduction in peak heart rates during exercise, but no
other metrics in the exercise test were altered;

(5) there is no significant difference between flecainide and
B-blockers in terms of drug safety.

Pharmacologic treatment of CPVT is often unavoidably
lifelong.[®! B-blockers have long been used effectively and remain
the first-line therapy, but problems do exist. The most important
problems associated with B-blocker treatment in CPVT are
frequently observed sinus bradycardia, noncompliance at high
doses of B-blockers, and inadequate therapy where the dose is
reduced to prevent side effects."®! Current clinical practice with
regards CPVT treatment is to use flecainide as an adjunct therapy
in cases where incomplete protection is evident at optimal doses
of B-blockers. Based on current literature, the use of flecainide as
monotherapy should also be recommended for CPVT patients
intolerant to B-blockers. Flecainide exerts anti-arrhythmic effects
independent of B-blockade and has particular advantages in this
regard, as it exerts a lesser effect on sinus rate during exercise
testing. Importantly, flecainide is effective for CPVT patients with
or without genetic mutations, suggesting that spontaneous
calcium release from ryanodine channels plays a role in
arrhythmia susceptibility."'*! In our study, none of the reported
serious adverse events were found to be related to flecainide, and
the side-effects of flecainide were found to be mild. According to
clinical guidelines, flecainide has a 2a recommendation for CPVT
patients with breakthrough arrhythmias who are already
receiving active B-blocker treatment.[*”!

Flecainide has a dual effect, influencing both Na* and Ca** ion
channels. Compelling preclinical evidence indicates that flecai-
nide suppresses delayed afterdepolarizations responsible for
ventricular arrhythmias in CPVT. Experimental studies also
demonstrate successful suppression of atrial activity and atrial
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Figure 4. Forest plots of comparisons (A) between flecainide monotherapy and standard therapy, (B) between combination therapy and B-blocker monotherapy,
and (C) between flecainide monotherapy and combination therapy for the risk of arrhythmic events.
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Figure 6. Forest plots of the comparison between combination therapy and B-blocker monotherapy in terms of mean differences in (A) resting heart rate, (B) peak
heart rate, and (C) sinus rate at the onset of ventricular arrhythmias during exercise testing.
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Figure 8. Forest plots of the comparisons of mean differences in exercise-induced arrhythmia scores. (A, B) show combination therapy and B-blocker

monotherapy; (C, D) show flecainide monotherapy and standard therapy; (E) shows combinatiol

n therapy and flecainide monotherapy.
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the benefits of replacing or supplementing flecainide with

B-blockers.
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