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Background: Sacubitril/valsartan therapy reduced the risks of death and of
hospitalization for heart failure (HF). HF and cardiac arrhythmias have shared
physiological mechanisems. Therefore, sacubitril/valsartan may exhibit anti-
arrhythmic properties in HF. The purpose of this study was to evaluate the
effect of sacubitril/valsartan on the occurrence of cardiac arrhythmias and
the risk of sudden cardiac death (SCD) in HF.

Methods: This meta-analysis was performed according to PRISMA guidelines.
We searched PubMed and Embase (from inception up to 6 February 2022) to
identify randomized control trials (RCTs) on the effect of sacubitril/valsartan
on the occurrence of cardiac arrhythmias and the risk of SCD in HF. Primary
outcomes were the occurrence of atrial arrhythmias, ventricular arrhythmias,
and SCD. Risk ratios (RRs) with 95% confidence intervals (Cls) were pooled
using a random-effects model for meta-analysis.

Results: We included 9 RCTs (published between 2012 and 2021) with 18,500
patients (9,244 sacubitril/valsartan vs. 9,256 active control). Enalapril and
valsartan were used as active control in six and two studies, respectively.
Follow-up ranged from 2 to 35 months. The cumulative occurrence of
events was 76, 13, and 48 per 1,000 patient-years for atrial arrhythmias,
ventricular arrhythmias and SCD, respectively. There was no significant
association between sacubitril/valsartan therapy and the occurrence of atrial
arrhythmias (RR 1.06; 95% Cl: 0.97-1.17; P = 0.19) and ventricular arrhythmias
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(RR 0.86; 95% CI 0.68-1.10; P = 0.24). However, sacubitril/valsartan therapy
significantly reduced the risk of SCD (RR 0.79; 95% CI 0.70-0.90; P = 0.03)
compared with control.

Conclusion:

No association between sacubitril/valsartan therapy and

the occurrence of atrial and ventricular arrhythmias was found, but
sacubitril/valsartan therapy significantly reduced the risk of SCD.

sacubitril/valsartan, cardiac arrhythmia, sudden cardiac death, heart failure, meta-

analysis

Introduction

Heart failure (HF) is associated with substantial morbidity
and mortality. Cardiac arrhythmias are common in HE and
HF predisposes cardiac arrhythmias and vice versa (1). Cardiac
arrhythmias, including atrial arrhythmias and ventricular
arrhythmias, are important causes of adverse outcomes in HF
patients (1-3). Sudden cardiac death (SCD) is also a major
cause of mortality among HF patients and is commonly related
to ventricular arrhythmias, particularly ventricular tachycardia
(VT) and ventricular fibrillation (VF) (4). The management of
cardiac arrhythmias in HF depends on the type and etiology
of arrhythmia, the severity of HE and the range from medical
therapy to cardiac implantable electronic devices (CIEDs) (2,
4). Previous studies suggest that drugs blocking the rennin-
angiotensin-aldosterone system (RAAS) and natriuretic peptide
(NP) system have various beneficial effects on arrhythmia
mechanisms (4, 5).

Sacubitril/valsartan, an angiotensin receptor-neprilysin
inhibitor (ARNI), has been shown to reduce the risk of
cardiovascular death or HF hospitalization in patients
with HF compared with enalapril (6). The advantages of
sacubitril/valsartan are likely to result from reduced cardiac
remodeling, improved left ventricular ejection fraction (LVEF),
and increased NP availability (7). Therefore, sacubitril/valsartan
may exhibit anti-arrhythmic properties and modulate the risk
of cardiac arrhythmias in HF.

Two recent meta-analyses on the similar topic have been
published (8, 9). The meta-analysis by Fernandes et al. found
that ARNI therapy was associated with a reduction in SCD
and ventricular arrhythmias compared with control in HF
with reduced ejection fraction (HFrEF) (8). However, the
role of sacubitril/valsartan in HF with preserved ejection
fraction (HFpEF) remains unclear. Another meta-analysis
by Liu et al. found that sacubitril/valsartan was similar to
control in preventing the occurrence of atrial fibrillation
(AF) in HF (9). The effect of sacubitril/valsartan on the
risks of ventricular arrhythmias and SCD was not evaluated.
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Recently, several randomized controlled trials (RCTs) (10-
12) involving more evidence have been published. Thus, a
comprehensive evaluation of the effect of sacubitril/valsartan
on this topic is needed. The purpose of this meta-analysis
was to evaluate the effect of sacubitril/valsartan on the
occurrence of cardiac arrhythmias and risk of SCD in
patients with HF.

Methods

This meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines (13).

Search strategy

PubMed and Embase were searched from inception
up to 6 February 2022. Search terms included “sacubitril’
“sacubitril/valsartan,” “LCZ696,” “neprilysin,” and “randomized
No
References of included trials and previous reviews were

controlled trial.” language restriction was applied.

checked for potentially eligible trials.

Study selection and eligibility criteria

Two authors independently reviewed the titles and
of all identified,
inclusion criteria. Disagreements

abstracts articles
to the

by discussion.

initially according

were resolved

Studies were included if they met the following criteria:
(1) randomized controlled trials; (2) adult patients older
than 18 years; (3) presented of a control group (either
placebo or active controlled); and (4) reported the outcomes
of interest as an endpoint or adverse events (AEs). The
outcomes included the occurrence of atrial arrhythmias [AF,
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FIGURE 1

Flow diagram of search strategy

atrial flutter (AFL), and atrial tachycardia (AT)], ventricular
arrhythmias [VE ventricular flutter (VFL), and VT], and
SCD (sudden cardiac death, sudden death, and cardiac
arrest).

Data extraction

Two authors independently extracted the following data
from the included trials: first author, publication vyear,
ClinicalTrials.gov unique identifier, study characteristics, and
outcomes of interest. When multiple publications of the
same trial were found, data from the most complete dataset
were extracted for analysis. If no outcomes of interest were
reported in the manuscript, we searched the supplementary
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material and the adverse event of the trial on ClinicalTrials.gov.
Disagreements were resolved by discussion.

Assessment of risk of bias

The risk of bias of included trials was assessed by using the
Reviews Manager 5.4.1, which included the following sections:
selection bias, performance bias, detection bias, attrition bias,
reporting bias, and other bias. Trial with one or more key
domains at high risk of bias was judged to high risk of bias;
trial with all key domains at low risk of bias was judged to low
risk of bias; otherwise it was judged to unclear risk of bias (14).
The results were presented as a risk of bias graph and a risk of
bias summary figure.
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TABLE 1 Baseline characteristics of the included trials.

PARAMOUNT, 2012 PARADIGM-HE, 2014 PARAGON-HE 2019 EVALUATE-HE 2019 PIONEER-HE 2019 OUTSTEP-HE 2019
Sac/Val Valsartan Sac/Val Enalapril Sac/Val Valsartan Sac/Val Enalapril Sac/Val Enalapril Sac/Val Enalapril
(n=149) (n=152) (n=4203) (n=4229) (n=2419) (n=2,402) (n=231) (n=233) (n=439) (n=1436) (n=309) (n=310)
NCT 00887588 01035255 01920711 02874794 02554890 02900378
Follow-up 36 weeks 27 months 35 months 12 weeks 8 weeks 12 weeks
duration
Does of Sac/Val ~ Started with 50 mg bid 200 mg bid during Target dose of Sac/Val Started with 50 mg Target dose of Sac/Val Started with 50 mg bid or
for 1-2 weeks, then double blind treatment during the double blind bid,and titrated every was 200 mg bid 100 mg bid, then
uptitrated to 100 mg bid period period was 200 mg bid 2 weeks to 200 mg bid uptitrated to a target
for 1-2 weeks, and dose of 200 mg bid
thereafter, uptitrated to
200 mg bid.
Age (years) 70.9(9.4) 71.2(8.9) 63.8(11.5) 63.8(11.3) 72.7(8.3) 72.8(8.5) 67.8 (9.8) 66.7 (8.5) 61 median 63 67.2(11.0) 66.6(10.5)
Women 57% 56% 21.0% 22.6% 51.6% 51.8% 26% 21% 25.7% 30.2% 23.0% 19.7%
BMI 30.1(5.5) 29.8(6.1) 28.1(5.5) 28.2(5.5) 30.2(4.9) 30.3(5.1) 30.0(5.7) 30.1(5.8) 30.5 med 30.0 29.3(4.7) 29.3(4.7)
Serum NA NA 1.13 (0.3) 1.12 (0.3) NA NA NA NA 1.28 1.27 NA NA
creatinine
(mg/dl)
eGFR 67 (19) 64 (21) NA NA 63 (19) 62 (19) 70 (22) 69 (20) 58.4 58.9 NA NA
NYHA
functional class
I 1% 1% 4.3% 5.0% 3% 2.7% 14% 12% 0.9% 1.1% 0% 0%
11 81% 78% 71.6% 69.3% 77.5% 77.0% 66% 69% 22.7% 27.7% 52.1% 52.3%
1II 19% 21% 23.1% 24.9% 19.0% 19.8% 20% 19% 64.3% 61.0% 47.3% 47.1%
v 0% 0% 0.8% 0.6% 0.3% 0.5% 0% 0% 8.9% 8.2% 0.6% 0.6%
Hypertension 95% 92% 70.9% 70.5% 95.7% 95.4% NA NA NA NA 68.9% 65.5%
Diabetes 41% 35% 34.7% 34.6% 43.5% 42.5% NA NA NA NA NA NA
AF or AFL 40% 43% AF 36.2 37.4% 32.2% 32.5% NA NA NA NA 47.6% 39.4%
MI 21% 20% 43.4% 43.1% 23.3% 21.9% NA NA NA NA 44.3% 46.8%
Stroke NA NA 8.5% 8.8% 11.1% 10.1% NA NA NA NA 7.1% 8.1%
Medical therapy
at
randomization
B-blocker 79% 80% 93.1% 92.9% 79.9% 79.5% 85% 88% 59.5% 59.6% 90.6% 92.6%
MRA 19% 23% 54.2% 57.0% 24.6% 27.1% 25% 25% 10.9% 9.1% 64.4% 69.4%
Diuretic 100% 100% 80.3% 80.1% 95.3% 95.9% 56% 55% 59.5% 54.4% 77.7% 75.5%
(Continued)
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TABLE 1 (Continued)

ACTIVITY-HE, 2021 PARALLAX, 2021 PARALLEL-HE, 2021
Sac/Val Enalapril Sac/Val IMT Sac/Val Enalapril
(n=103) (n=98) (n=1280) (n=1284) (n=111) (n=112)
NCT 02768298 03066804 02468232
Follow-up 12 weeks 24 weeks 33.9 months
duration
Does of Sac/Val 100 mg bid for Target dose of Started with 50 mg
2 weeks followed by Sac/Val was 200 mg bid, then uptitrated
200 mg bid for bid to a target dose of
10 weeks. 200 mg bid.
Age (years) 66.1(10.8) 67.6(10.0) 72.9 (8.4) 72.4 (8.6) 69.0 (9.7) 66.7 (10.9)
Women 16.5% 21.4% 50.2% 51.2% 13.5% 14.3%
BMI (kg/m?) 29.2(4.6) 29.6(4.3) 30.6 (5.0) 30.5 (4.8) 23.8 (4.0) 25.1 (4.2)
Serum creatinine NA NA NA NA NA NA
(mg/dl)
eGFR NA NA 62.5(20.2) 62.7 (19.6) 58.3(17.6) 57.6 (14.7)
(ml/min/1.73 m?)
NYHA functional
class
I 0% 0% 0.1% 0.3% 3.6% 3.6%
1 0% 1% 67.0% 68.2% 91.0% 92.9%
I 100% 99.0% 32.5% 31.2% 5.4% 3.6%
v 0% 0% 0.4% 0.3% 0% 0%
Hypertension NA NA 96.9% 97.4% 64.0% 73.2%
Diabetes NA NA 44.2% 45.8% 46.8% 46.4%
AF or AFL NA NA 54.6% 53.9% 32.4% 35.7%
MI 56.3% 55.1% 23.0% 23.8% 46.0% 41.1%
Stroke NA NA NA NA 9.9% 8.9%
Medical therapy at
randomization
B-blocker 92.2% 96.9% 83.7% 83.0% 94.6% 96.4%
MRA 78.6% 75.5% 32.7% 30.5% 57.7% 61.6%
Diuretic 76.7% 76.5% 99.8% 99.8% 82.0% 84.8%

Data are mean (standard deviation); AF, atrial fibrillation; AFL, atrial flutter; BMI, body mass index; eGFR, estimated glomerular filtration rate; IMT, individualized medical therapy; MI,
myocardial infarction; MRA, mineralocorticoid receptor antagonist; NA, data not available; NYHA, New York Heart Association; Sac/Val, sacubitril/valsartan.

Statistical analysis Results

Risk ratios (RRs) with 95% confidence intervals (CIs)
were used to calculate the pooled effects. Meta-analyses

Study search

were conducted using a random-effects model regardless A total of 410 articles were initially identified, of which
9 RCTs (6, 10-12, 16-20) were included in the meta-analysis,

comprising a total of 18,500 patients, of whom 9,244 were in the

of heterogeneity. Statistical heterogeneity across studies was
assessed by the I? statistic (15). An 1% value greater than

50% indicates significant heterogeneity. Publication bias was sacubitril/valsartan group and 9,256 in the control group. The

not performed because the number of included trials was search strategy is presented in Figure 1.
too small (<10) to detect an asymmetric funnel. Subgroup

analyses were pre-specified according to the type of HF (HFrEF

vs. HFpEF), control agent used, follow-up duration (<1 year
vs. >1 year). A two-sided P-value < 0.05 was considered
statistically significant. All analyses were performed using
Review Manager Software (RevMan version 5.4; The Nordic
Cochrane Centre, Cochrane Collaboration).
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Characteristics of eligible studies

The of the
are summarized in Table 1. All trials were randomized,

baseline characteristics included studies

double-blind, and active-control. The trials were published
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FIGURE 2
Assessment of risk of bias. (A) Risk of bias graph, (B) risk of bias summary.

between 2012 and 2021. Among the included trials, 6 trials
(6,10, 12,17, 19, 20) used enalapril as a comparator, 2 (16, 18)
used valsartan as a comparator, and 1 (11) used individualized
medical therapy (IMT) as a comparator. Of included nine trials,
6 trials (6, 10, 12, 17, 19, 20), including 1 (19) enrolled patients
with acute decompensated HF, enrolled patients with HFrEF the
others (11, 16, 18) enrolled patients with HFpEF. The sample
size ranged from 201 to 8,432. The mean age ranged from
62 to 72.8 years, and the percentage of women ranged from
13.9 to 56.5%, with a mean follow-up duration between 2 and
35 months. All included trials did not describe the definition of
cardiac arrhythmias and the methods used to document cardiac
arrhythmias. All included trials were funded by industry.
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Assessment of risk of bias

Details of risk of bias assessment are summarized in
Figure 2. Eight trials (6, 10, 11, 16-21) were judged to be
at low risk of bias, and one trial (12) was judged to be at
unclear risk of bias.

Atrial arrhythmias
Atrial arrhythmias were reported in 9 RCTs (6, 10-12, 16-

20), of which 6 compared sacubitril/valsartan with enalapril, 2
with valsartan, and 1 with IMT. During an average follow-up of

frontiersin.org
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Sacubitrilivalsartan Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M.-H, Random, 95% CI
1.1.1 Atrial fibrillation
PARAMOUNT, 2012 3 149 9 152 0.5% 0.34 [0.09,1.23] 2012 T | i
PARADIGM-HF, 2014 267 4203 250 4229 31.2% 1.07 [0.91,1.27) 2014 -
PIONEER, 2018 4 439 3 436 0.4% 1.32(0.30,5.88) 2019
EVALUATE-HF, 2019 2 23 0 233 01% 5.04 (0.24,104.48] 2019 *
OUTSTEP-HF, 2019 8 309 4 310 06% 2.01[0.61,6.59] 2019 7
PARAGON-HF, 2019 410 2419 384 2402 538% 1.06 [0.93,1.20] 2019
ACTIMITY-HF, 2021 2 103 1 98  0.2% 1.90[0.18, 20.65] 2021 >
PARALLAX, 2021 57 1280 60 1284 6.9% 0.95[0.67,1.36) 2021 T
PARALLEL-HF, 2021 4 111 4 112 05% 1.01 [0.26, 3.93] 2021 "
Subtotal (95% Cl) 9244 9256 94.2% 1.06 [0.96, 1.16] 4
Total events 757 715
Heterogeneity: Tau®= 0.00; Chi*=5.81, df=8 (P = 0.67), F= 0%
Test for overall effect: Z=1.14 (P = 0.25)
1.1.2 Atrial flutter
PARADIGM-HF, 2014 1 4203 18 4229  1.6% 0.61[0.29,1.30] 2014 [
OUTSTEP-HF, 2019 0 309 2 310 01% 0.20 [0.01,4.16) 2019 *
PIONEER, 20189 2 439 1 436 0.2% 1.99[0.18,21.83] 2019 ig
PARAGON-HF, 2019 31 2419 23 2402 3.0% 1.34[0.78,2.29] 2019 |
ACTIMITY-HF, 2021 103 1 98  01% 0.32(0.01,7.70) 2021 *
PARALLAX, 2021 4 1280 2 1284 03% 2.01[0.37,10.93] 2021
Subtotal (95% Cl) 8753 8759 5.2% 1.02 [0.65, 1.60] -
Total events 48 47
Heterogeneity: Tau®= 0.02; Chi*=5.27, df=5 (P = 0.38), F= 5%
Test for overall effect. Z=0.08 (P = 0.93)
1.1.3 Atrial tachycardia
PARADIGM-HF, 2014 7 4203 1 4229  0.2% 7.04 [0.87,57.22) 2014 >
PARAGON-HF, 2019 7 2419 2 2402 04% 3.48[0.72,16.71] 2019
PARALLAX, 2021 0 1280 1 1284 01% 0.33[0.01,8.20] 2021 *
Subtotal (95% Cl) 7902 7915 0.6% 3.02[0.78, 11.63] e ——
Total events 14 4
Heterogeneity: Tau®= 0.29; Chi*= 2.47, df= 2 (P = 0.29), F=19%
Test for overall effect: Z=1.60 (P=0.11)
Total (95% Cl) 1.06 [0.97, 1.17] 4
Total events 819 766 5 5 "
i 12— . s = - - R = T T T Jl
Heterogeneity: Tau®= 0.00; Chi*=16.92, df=17 (P = 0.46); F=0% 0.05 02 3 20

Test for overall efiect: Z=1.30 (P =0.19)

FIGURE 3

Sacubitrilivalsartan Control

Forest plot comparing the occurrence of atrial arrhythmias between sacubitril/valsartan and control

1.13 years, the cumulative occurrence of atrial arrhythmias was
78 per 1,000 patient-years in the sacubitril/valsartan group and
73 per 1,000 patient-years in the control group. The occurrence
of atrial arrhythmias was not significantly different between the
sacubitril/valsartan and control group (RR 1.06; 95% CI: 0.97-
1.17; P = 0.19; Figure 3). There was no heterogeneity across
the studies (I> = 0%, P = 0.46). The pooled effects of 3 pre-
specified components of atrial arrhythmias (AF, AFL, AT) were
individually presented in Figure 3.

To assess the effect of sacubitril/valsartan therapy in HFrEF
and HFpEE, we conducted corresponding subgroup analyses.
However, neither HFrEF (RR 1.08; 95% CI: 0.92-1.26; P = 0.33)
nor HFpEF (RR 1.00; 95% CI: 0.78-1.30; P = 0.98) showed a
significant association.

In subgroup analysis based on comparator used,
sacubitril/valsartan therapy was associated with no significant
difference in the occurrence of atrial arrhythmias compared
with enalapril (RR 1.08; 95% CI: 0.92-1.26; P = 0.33) or

valsartan (RR 0.73; 95% CI: 0.25-2.16; P = 0.57).
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Regarding the follow-up duration, we defined two
subgroups, shorter duration (<1 years; RR 0.98; 95% CI:
0.73-1.33; P = 0.90) and longer duration (>1 years; RR 1.08;
95% CI:0.98-1.19; P = 0.12), and neither affected the occurrence
of atrial arrhythmias.

Ventricular arrhythmias

Ventricular arrhythmias were reported in 7 RCTs (6,
10, 12, 17-20), of which 6 compared sacubitril/valsartan
with enalapril, and 1 with valsartan. A total of 262
events of ventricular arrhythmias were reported as AEs.
During an average follow-up of 1.27 years, the cumulative
occurrence of ventricular arrhythmias was 12 per 1,000
patient-years in the sacubitril/valsartan group and 14 per
1,000 patient-years in the control group. The occurrence
of ventricular arrhythmias was not significantly different
between the sacubitril/valsartan and control group (RR

frontiersin.org
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Sacubitrilivalsartan Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M.-H, Random, 95% ClI
1.2.1 Ventricular fibrillation
PARADIGM-HF, 2014 22 4203 28 4228 191% 0.79[0.45,1.38] 2014 )
OUTSTEP-HF, 2019 2 309 0 310  0.6% 5.02(0.24,104.06] 2019 >
PARAGON-HF, 2019 4 2419 5 2402 3.4% 0.79(0.21,2.95) 2019 ——
PIONEER, 2018 0 439 0 436 Not estimable 2018
EVALUATE-HF, 2019 1 231 0 233 06% 3.03[0.12,73.80] 2018
PARALLEL-HF, 2021 3 111 4 112 27% 0.76[0.17,3.30] 2021 P
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FIGURE 4

Sacubitrilivalsartan Control

Forest plot comparing the occurrence of ventricular arrhythmias between sacubitril/valsartan and control.

0.86; 95% CI 0.68-1.10; P = 0.24; Figure 4). There was
(2 = 0%,
P = 0.75). The 3 pre-specified components of ventricular
arrhythmias (VE VFL, VT) were individually presented in
Figure 4.

no significant heterogeneity across studies

To assess the effect of sacubitril/valsartan therapy
in HFrEF and HFpEE, we conducted corresponding
subgroup analyses. However, neither HFrEF (RR 0.89;
95% CI. 0.60-1.33; P = 0.58) nor HFpEF (RR 1.43;
95% CI: 0.61-3.35; P = 0.40) showed a significant
association.

In subgroup analysis based on comparator used,

sacubitril/valsartan therapy was associated with no significant
difference in the occurrence of ventricular arrhythmias
compared with enalapril (RR 0.89; 95% CI: 0.60-1.33; P = 0.58)
or valsartan (RR 1.43; 95% CI: 0.61-3.35; P = 0.40).

Regarding the follow-up duration, we defined two
subgroups, shorter duration (<1 years; RR 1.91; 95% CL
0.56-6.47; P = 0.30) and longer duration (>1 years; RR 0.83;
95% CI: 0.65-1.07; P = 0.16), and neither affected the occurrence
of ventricular arrhythmias.
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Sudden cardiac death

Sudden cardiac death was reported in 6 RCTs (6, 11, 17-
20). During an average follow-up of 1.06 years, the cumulative
occurrence of SCD was 43 per 1,000 patient-years in the
sacubitril/valsartan group and 54 per 1,000 patient-years in
the control group. The overall analysis of the composite SCD
outcome demonstrated a 21% reduction when compared with
control (RR 0.79; 95% CI 0.70-0.90; P = 0.03; Figure 5). The
3 pre-specified components of SCD (sudden cardiac death,
sudden death, and cardiac arrest) were individually presented
in Figure 5.

Discussion

this
comprehensive meta-analysis that evaluates the association

To our knowledge, is the largest and most
between sacubitril/valsartan and the risk of arrhythmic
events. Our meta-analysis found no association between

sacubitril/valsartan therapy and the occurrence of atrial and
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FIGURE 5

Sacubitrilvalsartan Control

Forest plot comparing the risk of sudden cardiac death between sacubitril/valsartan and control.

ventricular arrhythmias. But it significantly reduced the risk of
SCD in patients with HF.

Two previous meta-analyses on the similar topic have been
published. One meta-analysis of six RCTs by Liu et al. showed
no association between sacubitril/valsartan therapy and the
occurrence of AF in patients with HF compared with control (9).
In comparison, this meta-analysis added three latest published
trials (10-12) and evaluated the effect of sacubitril/valsartan
on the occurrence of ventricular arrhythmias and the risk of
SCD in HF. Similar to previous meta-analysis, no significant
association between sacubitril/valsartan and the occurrence of
atrial arrhythmias, including AF, was observed. Another meta-
analysis by Fernandes et al. concluded that ARNI therapy was
associated with lower SCD events and ventricular arrhythmias
compared with control in HFrEF (8). However, the finding was
underpowered limited to the included observational studies.
Observational studies are highly subject to selection bias. If
only RCTs were included in their meta-analysis, there was
no significant difference between groups regarding of the
occurrence of ventricular arrhythmias. Besides, the association
between sacubitril/valsartan and the risk of cardiac arrhythmias
in HFpEF was not evaluated. In contrast with the previous ones,
our meta-analysis is the latest and the most comprehensive.
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It is well known that HF is associated with increased risk
of cardiac arrhythmias and SCD, which is related to multiple
potential mechanisms, including the RAAS and NP system
(4, 5). The RAAS and NP system play important role in
the development of structural and electrical remodeling (5),
potentially explaining the occurrence of cardiac arrhythmias.
Sacubitril/valsartan has been shown positive results on
patients’ outcome, particularly in those with HF (22). In the
PARAMOUNT study, sacubitril/valsartan therapy resulted
in greater reduction in NT-proBNP at 12 weeks and greater
reduction in left atrial size after 36 weeks compared with
valsartan (16). In the PARADIGM-HF study, the further
reduction of cardiovascular mortality, including SCD, observed
in HFrEF received sacubitril/valsartan is likely due to a
combined protective effect against death from HF and fatal
ventricular arrhythmias (6, 23, 24). A retrospective study
demonstrated sacubitril/valsartan therapy was associated
with
including LVEE pulmonary atrial pressure and cardiac

improvements in echocardiographic parameters,
valvular insufficiency, in patients with HFrEF (25). To
date, increasing evidence suggests that sacubitril/valsartan
may have anti-arrhythmic properties, either by limiting

pro-arrhythmic remodeling or through direct anti-arrhythmic
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FIGURE 6

Potential mechanisms regarding the anti-arrhythmic effects of sacubitril/valsartan. AT1R, angiotensin Il typel receptor; LVEF, left ventricular

ejection fraction; NEP, neprilysin.

effects on cardiomyocytes (Figure 6) (5, 26-28). Although these
mechanisms of sacubitril/valsartan are potential contributors
to the observed in vivo anti-arrhythmic effects, there is no
conclusive mechanism regarding sacubitril/valsartan mediated
cardiac arrhythmia suppression in patients.

Based the of
sacubitril/valsartan therapy does not reduce the occurrence

on results our meta-analysis,
of cardiac arrhythmias in patients with HF. One possible
explanation is that all included RCTs were active-control
trials. The renin-angiotensin system inhibitions are associated
with reduction in cardiac arrhythmias (2, 29-31), and the
incremental benefit of sacubitril/valsartan therapy for this
outcome may have been minimal. Another possible explanation
is that all included RCTs were not designed to evaluate the
effect of sacubitril/valsartan on cardiac arrhythmias and the
actual occurrence of cardiac arrhythmias may have been
underestimated since not all patients underwent continuous

rhythm monitoring. In HFrEF patients with CIEDs, previous
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studies have suggested that sacubitril/valsartan could decrease
atrial arrhythmia burden and reduce the recurrence of atrial
arrhythmias in patients with non-permanent AF (32, 33).
Diego et al. found that sacubitril/valsartan could decrease
ventricular arrhythmias in HFrEF patients under continuous
monitoring of ICD compared with angiotensin inhibition
(34). Furthermore, appropriate ICD shocks were significantly
reduced. However, a study presented that sacubitril/valsartan
does not reduce the risk of ventricular arrhythmias in HFrEF
patients over 12 months of follow-up (35). In addition,
another retrospective study reported that male and previous
episodes of ventricular arrhythmias could be associated with
an increased risk of sustained ventricular arrhythmias after
Overall,
suggest sacubitril/valsartan might reduce the risk of cardiac

sacubitril/valsartan initiation (36). most studies
arrhythmias in HF patients.
Sudden cardiac death is the leading cause of mortality in HF

(37). In most cases, SCD is triggered by ventricular arrhythmias
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(38). Implantable cardioverter defibrillator (ICD) and wearable
cardioverter defibrillator (WCD) are recommended for the
prevention of SCD in selected populations (39, 40). Our
meta-analysis showed that there was a 21% reduction in the risk
of SCD. A post-hoc analysis of PARADIGM-HF demonstrated
that sacubitril/valsartan reduced SCD risk regardless of ICD use
(HR 0.49; 95% CI 0.25-0.99) or eligibility criteria (HR 0.81; 95%
CI 0.67-0.98) in HFrEF (23). Given this outstanding advantage,
sacubitril/valsartan is recommended to reduce SCD in HFrEF
(2).

could lead to reverse cardiac remodeling and attenuation of

The possible explanation is that sacubitril/valsartan

myocardial fibrosis (17, 41), both of which may reduce the risk
of ventricular arrhythmias.

Because of the potential adverse outcomes of HF patients
who develop cardiac arrhythmias, an upstream therapy with
sacubitril/valsartan may prevent or delay the development of
cardiac arrhythmias. According to our meta-analysis, it is
premature to recommend sacubitril/valsartan solely for the
prevention of cardiac arrhythmias, but our findings raise
the possibility of an added benefit in HF patients receiving
ARNI therapy. For selected patients, WCD in addition to
sacubitril/valsartan treatment of HF is a possible approach to
bridge the time until improvement of LVEF.

There are several potential limitations to our meta-analysis.
First, events of cardiac arrhythmias and SCD in the included
RCTs were reported as adverse events, and not as pre-specified
endpoints. Although the number of cardiac arrhythmias was
coded by reported adverse events, it is difficult to exclude the fact
that some of the patients had asymptomatic arrhythmias that
converted spontaneously. Second, there were no standardized
definition and routine monitoring for the cardiac arrhythmias
in the included RCTs, which may lead to reporting bias. It is not
known whether the sudden death and cardiac arrest represented
death from an arrhythmia or from another mechanism. Third,
cardiac arrhythmias were not described in terms of sustained
or non-sustained, fast or slow. Forth, data have shown a
possible different effects of sacubitril/valsartan according to
the HF etiology and age (42, 43). Due to lack of data, the
effects of sacubitril/valsartan on the risk of cardiac arrhythmias
and SCD according to HF etiology and age remain unclear.
Finally, no cardiac MRI was done to correlate arrhythmias
with fibrosis. These limitations should be considered when
interpreting our findings.

References

1. Correa A, Rochlani Y, Aronow WS. Current pharmacotherapeutic strategies
for cardiac arrhythmias in heart failure. Expert Opin Pharmacother. (2020) 21:339-
52. doi: 10.1080/14656566.2019.1703950

2. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant W], Callans DJ, Curtis
AB, et al. 2017 AHA/ACC/HRS guideline for management of patients with
ventricular arrhythmias and the prevention of sudden cardiac death: a report

Frontiers in Cardiovascular Medicine

11

10.3389/fcvm.2022.943377

Conclusion

No association between sacubitril/valsartan therapy and the
occurrence of atrial and ventricular arrhythmias was found,
but it significantly reduced the risk of SCD. On the basis of
our findings, we suggest that future RCTs systematically detect
cardiac arrhythmias with routine ambulatory monitoring and
define them as primary endpoints.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Author contributions

X-HL, G-LW, and QX conceived the study, participated in
the design, data collection, and statistical analysis. X-HL drafted
the manuscript. LZ participated in the design. H-JL conceived
the study, participated in the design, and critical revision of the
manuscript. All authors read and approved the final manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

of the American college of cardiology/American heart association task force on
clinical practice guidelines and the heart rhythm society. ] Am Coll Cardiol. (2018)
72:€91-220. doi: 10.1016/j.jacc.2017.10.054

3. El-Battrawy I, Cammann VL, Kato K, Szawan KA, Di Vece D, Rossi A, et al.
Impact of atrial fibrillation on outcome in takotsubo syndrome: data from the
international takotsubo registry. ] Am Heart Assoc. (2021) 10:e014059.

frontiersin.org


https://doi.org/10.3389/fcvm.2022.943377
https://doi.org/10.1080/14656566.2019.1703950
https://doi.org/10.1016/j.jacc.2017.10.054
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Liu et al.

4. Masarone D, Limongelli G, Rubino M, Valente F, Vastarella R, Ammendola E,
et al. Management of arrhythmias in heart failure. ] Cardiovasc Dev Dis. (2017) 4:3.

5. Sutanto H, Dobrev D, Heijman J. Angiotensin receptor-neprilysin inhibitor
(ARNI) and cardiac arrhythmias. Int ] Mol Sci. (2021) 22:8994.

6. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al.
Angiotensin-neprilysin inhibition versus enalapril in heart failure. N Engl ] Med.
(2014) 371:993-1004. doi: 10.1056/NEJMo0a1409077

7. Grabowski M, Ozieranski K, Balsam P, Dabrowski R, Farkowski MM,
Gackowski A, et al. The effect of sacubitril/valsartan on the occurrence of
ventricular arrhythmia and the risk of sudden cardiac death in patients with chronic
heart failure with reduced left ventricular ejection fraction. Expert opinion of the
heart rhythm and heart failure sections of the polish cardiac society. Kardiol Pol.
(2019) 77:987-93. doi: 10.33963/kp.14972

8. Fernandes ADEF, Fernandes GC, Ternes CMP, Cardoso R, Chaparro SV,
Goldberger JJ. Sacubitril/valsartan versus angiotensin inhibitors and arrhythmia
endpoints in heart failure with reduced ejection fraction. Heart Rhythm O2. (2021)
2(6Part. B):724-32. doi: 10.1016/j.hr0o.2021.09.009

9.Liu X, Liu H, Wang L, Zhang L, Xu Q. Role of sacubitril-valsartan in
the prevention of atrial fibrillation occurrence in patients with heart failure: a
systematic review and meta-analysis of randomized controlled trials. PLoS One.
(2022) 17:¢0263131. doi: 10.1371/journal.pone.0263131

10. Halle M, Schobel C, Winzer EB, Bernhardt P, Mueller S, Sieder C, et al. A
randomized clinical trial on the short-term effects of 12-week sacubitril/valsartan
vs. enalapril on peak oxygen consumption in patients with heart failure with
reduced ejection fraction: results from the ACTIVITY-HF study. Eur ] Heart Fail.
(2021) 23:2073-82. doi: 10.1002/ejhf.2355

11. Pieske B, Wachter R, Shah SJ, Baldridge A, Szeczoedy P, Ibram G, et al.
Effect of sacubitril/valsartan vs standard medical therapies on plasma NT-proBNP
concentration and submaximal exercise capacity in patients with heart failure and
preserved ejection fraction: the parallax randomized clinical trial. JAMA. (2021)
326:1919-29. doi: 10.1001/jama.2021.18463

12. Tsutsui H, Momomura SI, Saito Y, Ito H, Yamamoto K, Sakata Y, et al. Efficacy
and safety of sacubitril/valsartan in japanese patients with chronic heart failure and
reduced ejection fraction - results from the PARALLEL-HF Study. Cir J. (2021)
85:584-94. doi: 10.1253/circj.cj-20-0854

13. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. BM]J. (2009)
339:b2535. doi: 10.1136/bmj.b2535

14. Higgins JP, Savovi¢ ], Page M]J, Elbers RG, Sterne JA. Assessing risk of
bias in a randomized trial. In: Higgins PT, Thomas ], Chandler J, Cumpston
M, Li T, Page M], et al. editors. Cochrane Handbook for Systematic Reviews of
Interventions. New Jersey, NJ: Wiley Online Library (2019). p. 205-28. doi: 10.1002/
9781119536604.ch8

15. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med. (2002) 21:1539-58. doi: 10.1002/sim.1186

16. Solomon SD, Zile M, Pieske B, Voors A, Shah A, Kraigher-Krainer E,
et al. The angiotensin receptor neprilysin inhibitor LCZ696 in heart failure with
preserved ejection fraction: a phase 2 double-blind randomised controlled trial.
Lancet. (2012) 380:1387-95. doi: 10.1016/s0140-6736(12)61227-6

17. Desai AS, Solomon SD, Shah AM, Claggett BL, Fang JC, Izzo J, et al. Effect of
sacubitril-valsartan vs enalapril on aortic stiffness in patients with heart failure and
reduced ejection fraction: a randomized clinical trial. JAMA. (2019) 322:1077-84.
doi: 10.1001/jama.2019.12843

18. Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, et al.
Angiotensin-Neprilysin inhibition in heart failure with preserved ejection fraction.
N Engl ] Med. (2019) 381:1609-20. doi: 10.1056/NEJMo0al1908655

19. Velazquez EJ, Morrow DA, DeVore AD, Duffy CI, Ambrosy AP, McCague
K, et al. Angiotensin-Neprilysin inhibition in acute decompensated heart failure. N
Engl ] Med. (2019) 380:539-48. doi: 10.1056/NEJMoal812851

20. Piepoli MF, Hussain RI, Comin-Colet J, Dosantos R, Ferber P, Jaarsma T,
et al. OUTSTEP-HF: randomised controlled trial comparing short-term effects
of sacubitril/valsartan versus enalapril on daily physical activity in patients with
chronic heart failure with reduced ejection fraction. Eur J Heart Fail. (2021)
23:127-35. doi: 10.1002/ejhf.2076

21. Pfeffer MA, Claggett B, Lewis EF, Granger CB, Kober L, Maggioni AP, et al.
Angiotensin receptor-neprilysin inhibition in acute myocardial infarction. N Engl J
Med. (2021) 385:1845-55. doi: 10.1056/NEJMo0a2104508

22. Abumayyaleh M, El-Battrawy I, Behnes M, Borggrefe M, Akin I. Current
evidence of sacubitril/valsartan in the treatment of heart failure with reduced
ejection fraction. Future Cardiol. (2020) 16:227-36. doi: 10.2217/fca-2020-0002

23. Rohde LE, Chatterjee NA, Vaduganathan M, Claggett B, Packer M, Desai
AS, et al. Sacubitril/Valsartan and sudden cardiac death according to implantable
cardioverter-defibrillator use and heart failure cause: a PARADIGM-HF analysis.
JACC Heart Fail. (2020) 8:844-55. doi: 10.1016/j.jchf.2020.06.015

Frontiers in Cardiovascular Medicine

12

10.3389/fcvm.2022.943377

24. Vecchi AL, Abete R, Marazzato ], lacovoni A, Mortara A, De Ponti R, et al.
Ventricular arrhythmias and ARNI: is it time to reappraise their management in
the light of new evidence? Heart Fail Rev. (2022) 27:103-10. doi: 10.1007/5s10741-
020-09991-3

25. Abumayyaleh M, Demmer J, Krack C, Pilsinger C, El-Battrawy I, Behnes
M, et al. Hemodynamic effects of sacubitril/valsartan in patients with reduced left
ventricular ejection fraction over 24 months: a retrospective study. Am J Cardiovasc
Drugs. (2022). doi: 10.1007/s40256-022-00525-w [Epub ahead of print].

26. Tsai YN, Cheng WH, Chang YT, Hsiao YW, Chang TY, Hsieh YC,
et al. Mechanism of angiotensin receptor-neprilysin inhibitor in suppression of
ventricular arrhythmia. J Cardiol. (2021) 78:275-84. doi: 10.1016/j.jjcc.2021.04.011

27.Li LY, Lou Q, Liu GZ, Lv JC, Yun FX, Li TK, et al. Sacubitril/Valsartan
attenuates atrial electrical and structural remodelling in a rabbit model of atrial
fibrillation. Eur ] Pharmacol. (2020) 881:173120. doi: 10.1016/j.¢jphar.2020.173120

28. Chang PC, Wo HT, Lee HL, Lin SE Chu Y, Wen MS, et al. Sacubitril/valsartan
attenuates atrial electrical and structural remodelling in a rabbit model of atrial
fibrillation. J Card Fail. (2020) 26:527-37. doi: 10.1016/j.cardfail.2020.03.007

29. Schneider MP, Hua TA, Bohm M, Wachtell K, Kjeldsen SE, Schmieder RE.
Prevention of atrial fibrillation by renin-angiotensin system inhibition a meta-
analysis. ] Am Coll Cardiol. (2010) 55:2299-307. doi: 10.1016/j.jacc.2010.01.043

30. Ducharme A, Swedberg K, Pfeffer MA, Cohen-Solal A, Granger CB, Maggioni
AP, et al. Prevention of atrial fibrillation in patients with symptomatic chronic heart
failure by candesartan in the Candesartan in heart failure: assessment of reduction
in mortality and morbidity (CHARM) program. Am Heart J. (2006) 151:985-91.
doi: 10.1016/j.ahj.2005.06.036

31. Yusuf S, Sleight P, Pogue ], Bosch J, Davies R, Dagenais G. Effects
of an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients. N Engl ] Med. (2000) 342:145-53. doi: 10.1056/
nejm200001203420301

32. Guerra E, Pimpini L, Flori M, Contadini D, Stronati G, Gioacchini F, et al.
Sacubitril/Valsartan reduces atrial fibrillation and supraventricular arrhythmias in
patients with HFrEF and remote monitoring: preliminary data from the save the
rhythm. Eur Heart J. (2020) 41(Suppl. 2):ehaa946.0926.

33. De Vecchis R, Paccone A, Di Maio M. Favorable effects of sacubitril/valsartan
on the peak atrial longitudinal strain in patients with chronic heart failure and a
history of one or more episodes of atrial fibrillation: a retrospective cohort study. J
Clin Med Res. (2020) 12:100-7. doi: 10.14740/jocmr4076

34. Russo V, Bottino R, Rago A, Papa AA, Liccardo B, Proietti R, et al.
The effect of sacubitril/valsartan on device detected arrhythmias and electrical
parameters among dilated cardiomyopathy patients with reduced ejection fraction
and implantable cardioverter defibrillator. J Clin Med. (2020) 9:1111. doi: 10.3390/
jem9041111

35. El-Battrawy I, Pilsinger C, Liebe V, Lang S, Kuschyk J, Zhou X, et al. Impact
of sacubitril/valsartan on the long-term incidence of ventricular arrhythmias in
chronic heart failure patients. J Clin Med. (2019) 8:1582. doi: 10.3390/jcm8101582

36. Vicent L, Méndez-Zurita E, Vifiolas X, Alonso-Martin C, Arbos CM, Pamies
J, et al. Clinical characteristics of patients with sustained ventricular arrhythmias
after sacubitril/valsartan initiation. Heart Vessels. (2020) 35:136-42. doi: 10.1007/
s00380-019-01454-6

37. Rosanio S, Schwarz ER, Vitarelli A, Zarraga IG, Kunapuli S, Ware DL, et al.
Sudden death prophylaxis in heart failure. Int J Cardiol. (2007) 119:291-6. doi:
10.1016/j.ijcard.2006.11.021

38. Masarone D, Limongelli G, Ammendola E, Verrengia M, Gravino R, Pacileo
G. Risk stratification of sudden cardiac death in patients with heart failure: an
update. ] Clin Med. (2018) 7:436. doi: 10.3390/jcm7110436

39. El-Battrawy I, Kovacs B, Dreher TC, Klein N, Rosenkaimer S, Roger S, et al.
Real life experience with the wearable cardioverter-defibrillator in an international
multicenter registry. Sci Rep. (2022) 12:3203. doi: 10.1038/s41598-022-06007-y

40. Roger S, Rosenkaimer SL, Hohneck A, Lang S, El-Battrawy I, Rudic B,
et al. Therapy optimization in patients with heart failure: the role of the wearable
cardioverter-defibrillator in a real-world setting. BMC Cardiovasc Disord. (2018)
18:52. doi: 10.1186/s12872-018-0790-8

41. Zile MR, O’Meara E, Claggett B, Prescott MF, Solomon SD, Swedberg K, et al.
Effects of sacubitril/valsartan on biomarkers of extracellular matrix regulation in
patients with HFrEF. ] Am Coll Cardiol. (2019) 73:795-806. doi: 10.1016/j.jacc.
2018.11.042

42. Abumayyaleh M, Pilsinger C, El-Battrawy I, Kummer M, Kuschyk J,
Borggrefe M, et al. Clinical outcomes in patients with ischemic versus non-ischemic
cardiomyopathy after angiotensin-neprilysin inhibition therapy. J Clin Med. (2021)
10:4989. doi: 10.3390/jcm10214989

43. Abumayyaleh M, El-Battrawy I, Kummer M, Pilsinger C, Sattler K, Kuschyk
], et al. Comparison of the prognosis and outcome of heart failure with reduced
ejection fraction patients treated with sacubitril/valsartan according to age. Future
Cardiol. (2021) 17:1131-42. doi: 10.2217/fca-2020-0213

frontiersin.org


https://doi.org/10.3389/fcvm.2022.943377
https://doi.org/10.1056/NEJMoa1409077
https://doi.org/10.33963/kp.14972
https://doi.org/10.1016/j.hroo.2021.09.009
https://doi.org/10.1371/journal.pone.0263131
https://doi.org/10.1002/ejhf.2355
https://doi.org/10.1001/jama.2021.18463
https://doi.org/10.1253/circj.cj-20-0854
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1002/9781119536604.ch8
https://doi.org/10.1002/9781119536604.ch8
https://doi.org/10.1002/sim.1186
https://doi.org/10.1016/s0140-6736(12)61227-6
https://doi.org/10.1001/jama.2019.12843
https://doi.org/10.1056/NEJMoa1908655
https://doi.org/10.1056/NEJMoa1812851
https://doi.org/10.1002/ejhf.2076
https://doi.org/10.1056/NEJMoa2104508
https://doi.org/10.2217/fca-2020-0002
https://doi.org/10.1016/j.jchf.2020.06.015
https://doi.org/10.1007/s10741-020-09991-3
https://doi.org/10.1007/s10741-020-09991-3
https://doi.org/10.1007/s40256-022-00525-w
https://doi.org/10.1016/j.jjcc.2021.04.011
https://doi.org/10.1016/j.ejphar.2020.173120
https://doi.org/10.1016/j.cardfail.2020.03.007
https://doi.org/10.1016/j.jacc.2010.01.043
https://doi.org/10.1016/j.ahj.2005.06.036
https://doi.org/10.1056/nejm200001203420301
https://doi.org/10.1056/nejm200001203420301
https://doi.org/10.14740/jocmr4076
https://doi.org/10.3390/jcm9041111
https://doi.org/10.3390/jcm9041111
https://doi.org/10.3390/jcm8101582
https://doi.org/10.1007/s00380-019-01454-6
https://doi.org/10.1007/s00380-019-01454-6
https://doi.org/10.1016/j.ijcard.2006.11.021
https://doi.org/10.1016/j.ijcard.2006.11.021
https://doi.org/10.3390/jcm7110436
https://doi.org/10.1038/s41598-022-06007-y
https://doi.org/10.1186/s12872-018-0790-8
https://doi.org/10.1016/j.jacc.2018.11.042
https://doi.org/10.1016/j.jacc.2018.11.042
https://doi.org/10.3390/jcm10214989
https://doi.org/10.2217/fca-2020-0213
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Effect of sacubitril/valsartan on the occurrence of cardiac arrhythmias and the risk of sudden cardiac death in heart failure: A meta-analysis of randomized controlled trials
	Introduction
	Methods
	Search strategy
	Study selection and eligibility criteria
	Data extraction
	Assessment of risk of bias
	Statistical analysis

	Results
	Study search
	Characteristics of eligible studies
	Assessment of risk of bias
	Atrial arrhythmias
	Ventricular arrhythmias
	Sudden cardiac death

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


