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ABSTRACT.  Angiotensin receptor–neprilysin inhibitor (ARNI) use has become increasingly 
popular. Current guidelines recommend using ARNI therapy for heart failure with reduced 
(HFrEF) and preserved ejection fraction (HFpEF). As therapies become more widely available, 
heart failure-associated burdens such as ventricular arrhythmias and sudden cardiac death (SCD) 
will become increasingly prevalent. We conducted a systematic review and meta-analysis to assess 
the impact of ARNI therapy on HFrEF and HFpEF pertaining to arrhythmogenesis and SCD. 
We performed a search of MEDLINE (PubMed), the Cochrane Library, and ClinicalTrials.gov 
for relevant studies. The odds ratios (ORs) of SCD, ventricular tachycardia (VT), ventricular 
fibrillation (VF), atrial fibrillation/flutter (AF), supraventricular tachycardia (SVT), and implant-
able cardioverter-defibrillator (ICD) shocks were calculated. A total of 10 studies, including 6 
randomized controlled trials and 4 observational studies, were included in the analysis. A total of 
18,548 patients from all studies were included, with 9,328 patients in the ARNI arm and 9,220 
patients in the angiotensin-converting enzyme inhibitor (ACEI)/angiotensin II receptor blocker 
(ARB) arm, with a median follow-up time of 15 months. There was a significant reduction in 
the composite outcomes of SCD and ventricular arrhythmias in patients treated with ARNIs 
compared to those treated with ACEIs/ARBs (OR, 0.71; 95% confidence interval, 0.54–0.93; P 
= .01; I2 = 17%; P = .29). ARNI therapy was also associated with a significant reduction in ICD 
shocks. There was no significant reduction in the VT, VF, AF, or SVT incidence rate in the ARNI 
group compared to the ACEI/ARB group. In conclusion, the use of ARNIs confers a reduction in 
composite outcomes of SCD and ventricular arrhythmias among patients with heart failure. These 
outcomes were mainly driven by SCD reduction in patients treated with ARNIs.
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Introduction

Heart failure (HF) remains a crucial contributor to recur-
rent hospitalization and death among individuals aged 
50–89 years, with an exponential rise in prevalence over 
time.1 The American Heart Association estimates that 
>6 million people in the United States have a diagnosis 
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of HF with a projected prevalence of 8 million cases by 
the year 2030.2,3 In recent years, a definite aim to develop 
therapeutic options for individuals with HF has been 
emphasized, with growing evidence and literature sug-
gesting that novel therapies may be beneficial.

Arrhythmias are of a significant burden to those with 
HF diagnoses. The pathophysiology, as it relates to 
arrhythmogenesis, is complex but includes multifactorial 
manifestations of fibrosis, neurohormonal imbalance, and 
variability of ion channels including under- and overex-
pression, in addition to electrolyte abnormalities.4,5

One pharmacologic therapy gaining much popularity and 
enthusiasm is angiotensin receptor–neprilysin inhibitors 
(ARNIs) due to their ability to reduce the adverse mani-
festations of HF diagnoses. Proposed theories regarding 
the effect ARNIs have on the reduction of mortality and 
sudden death from an arrhythmia perspective are not 
well understood; however, circulating natriuretic pep-
tides reduce the harmful effects of the sympathetic and 
renin–angiotensin systems by decreasing myocyte death, 
hypertrophy, fibrosis, and inflammation, which have all 
been implicated in arrhythmogenesis.6

Regarding HF with reduced ejection fraction (HFrEF), 
ARNIs have demonstrated a clear survival benefit as 
demonstrated in the Prospective Comparison of ARNI 
with ACEI to Determine Impact on Global Mortality 
and Morbidity in HF (PARADIGM-HF) trial and is now 
further used in the treatment of HF with preserved ejec-
tion fraction (HFpEF) due to results from the Prospective 
Comparison of ARNI with ARB Global Outcomes in HF 
with Preserved Ejection Fraction (PARAGON-HF) trial.7,8

The effect of ARNIs on sudden cardiac death (SCD) has 
been widely reported, and while meta-analyses on outcomes 
such as primary total mortality and HF endpoints have been 
reported, little data exist regarding their effect on arrhyth-
mia.9–11 Given such a positive effect on reducing morbidity 
and mortality in HF patients, we aimed to emphasize the 
additional importance of reducing the burden of arrhyth-
mia in this patient population using ARNI therapy.

Methods

Data sources and search strategies

We conducted a systematic review using MEDLINE 
(PubMed), the Cochrane Library, and ClinicalTrials.gov from 
inception to January 10, 2022. We used the terms “LCZ696” 
or “LCZ 696” or “LCZ-696” or “entresto” or “sacubitril” or 
“sacubitril valsartan” or “sacubitril–valsartan” or “angio-
tensin receptor–neprilysin inhibitor” and “heart failure” 
for the search strategy. The meta-analysis was conducted 
and performed using the Preferred Reporting Items for 
Systematic Reviews and Meta-analysis guidelines.12

Inclusion and exclusion criteria

We included studies that incorporated the following 
characteristics: (1) enrolled adult patients >18 years of age 

with a diagnosis of HFrEF or HFpEF, (2) compared ARNI 
therapy to an active control group or placebo, (3) were 
randomized controlled trials (RCTs) or observational 
cohort studies, and (4) included arrhythmia endpoints. 
We excluded studies with duplicate data or no data of 
interest from an arrhythmia perspective.

Data extraction and quality assessment

Two reviewers independently performed data extraction 
and quality assessments of the included studies. The data 
reported include the type of study, baseline characteris-
tics of the patients, intervention, control, randomization, 
follow-up duration, and sample size. The outcomes of 
interest included SCD, ventricular tachycardia (VT), ven-
tricular fibrillation (VF), atrial fibrillation/flutter (AF), 
supraventricular tachycardia (SVT), and implantable 
cardioverter-defibrillator (ICD) shocks. All the stud-
ies considered appropriate for the meta-analysis had 
their full text analyzed by 2 reviewers. In addition, data 
from ClinicalTrials.gov and supplemental sections were 
reviewed if they included the arrhythmia endpoints of 
our interest.

Risk of bias assessment

All included RCTs were graded for bias using the Cochrane 
Handbook for Systematic Reviews of Interventions.13 
The observational studies were graded for bias using the 
Newcastle–Ottawa scale.14 Two reviewers assessed the 
risk of bias for each included study.

Statistical analysis

Summary odds ratios (ORs) with 95% confidence inter-
vals (CIs) were calculated using a random-effects model. 
The random-effects model incorporates heterogeneity 
between trials and usually gives wider and more con-
servative CIs. The 95% CIs were estimated using a bino-
mial distribution. Heterogeneity across all studies was 
assessed using the chi-squared and I2 tests. According 
to published guidelines, it is accepted that an I2 value of 
25%–49% indicates low heterogeneity, 50%–74% indicates 
moderate heterogeneity, and >75% indicates high heter-
ogeneity.15 P < .10  was used as an indicator for signifi-
cance regarding heterogeneity, and P  < .05 was used to 
indicate significance for the arrhythmia outcomes. A 
subgroup analysis was performed for studies with at 
least moderate or significant heterogeneity. The anal-
ysis was performed using Review Manager (RevMan) 
version 5.3 (The Nordic Cochrane Centre, The Cochrane 
Collaboration, Copenhagen, Denmark).

Results

Baseline characteristics

A total of 6 RCTs7,8,16–19 and 4 observational studies20–23 
published between 2014–2021  met the inclusion crite-
ria for this meta-analysis (Figure 1 and Table  1). All 6 
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RCTs were double-blinded, while observational studies 
included 3 prospective cohort studies and 1 retrospective 
cohort study. The follow-up period in all studies ranged 
from 3–36  months, with mean and median follow-up 
times of 18.2 and 15 months, respectively. A total of 18,548 
patients from all the studies were included, of whom 9,328 
(50.3%) patients were on ARNIs and 9,220 (49.7%) were 
on angiotensin-converting enzyme inhibitors (ACEIs)/
angiotensin II receptor blockers (ARBs). The mean age 
of the studied population was 66.7 ± 9.27 years, with the 
majority of patients (72.7%) being men. All studies except 
2 RCTs included HFrEF patients. The PARAGON-HF and 
Randomized, Double-blind Controlled Study Comparing 
LCZ696 to Medical Therapy for Comorbidities in HFpEF 
Patients (PARALLAX) trials involved HFpEF patients. 
The mean left ventricular ejection fraction among all stud-
ied groups was 33.3% ± 8.01%. The majority of patients 
(60.2%) had ischemic cardiomyopathy. Most patients had 
New York Heart Association functional class II symptoms 

(67.3%). In addition to ACEIs/ARBs and ARNIs, most 
participants reported taking ≥1 additional guideline-di-
rected medical therapy, including β-blockers (87.6% of 
patients) and mineralocorticoid antagonists (60.7% of 
patients) (Table 2). Quality and bias assessments of the 
RCTs and observational studies are included in Tables 3 
and 4, respectively.

Outcomes

The composite endpoint of sudden cardiac death 
and ventricular arrhythmias.  There were a total of 
312 events in the ARNI group and 414 events in ACEI/
ARB groups of SCD events and ventricular arrhythmias 
including VT and VF, which was statistically significant 
(OR, 0.71; 95% CI, 0.54–0.93; P = .01; I2 = 17%; P = .29) 
(Figure 2A). The PARADIGM-HF trial included a 49.7% 
weight of the sample size. A sensitivity analysis was per-
formed by excluding the observational studies, resulting 

Figure 1: The Preferred Reporting Items for Systematic Reviews and Meta-analysis diagram showing the number of studies 
screened, number of studies excluded, and number of studies included in this meta-analysis.

H. Mujadzic, G. S. Prousi, R. Napier, et al.
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in the resolution of heterogeneity. ARNIs showed a sig-
nificant reduction in the composite of SCD events and 
ventricular arrhythmias compared to ACEIs/ARBs in the 
6 RCTs (OR, 0.80; 95% CI, 0.68–0.94; P = .005; I2 = 0%; P = 
.89) (Figure 2B).

SCD and ventricular arrhythmias were also analyzed in 
patients with HFrEF only, which revealed a total of 280 
events in the ARNI group compared to 374 events in the 
ACEI/ARB group (OR, 0.63; 95% CI, 0.40–0.98; P = .04; 
I2 = 35%; P = .15) (Figure 3A). A sensitivity analysis was 
performed, excluding the observational studies, which 
continued to show a significant reduction in the end-
points of SCD and ventricular arrhythmias without any 
heterogeneity between the groups. A significant reduc-
tion in the composite of SCD and ventricular arrhythmia 
events was observed in the ARNI group compared to 
the ACEI/ARB group in the 4 RCTs with only HFrEF 
patients (OR, 0.80; 95% CI, 0.68–0.95; P = .009; I2 = 0%; P 
= .65) (Figure 3B).

Sudden cardiac death.  SCD outcomes were only avail-
able from the 6 RCTs. Most of the events reported were 
from only 1 trial (PARADIGM-HF with 87.8% weight). A 
total of 181 SCD, cardiac arrest, or sudden death events 
were reported in the ARNI group versus 237 events 
reported in the ACEI/ARB group. SCD was significantly 
reduced in patients treated with ARNIs compared to 
ACEIs/ARBs (OR, 0.76; 95% CI, 0.63–0.93; P = .007; I2 = 
0%; P = .69) (Figure 4).

Ventricular tachycardia.  There were 103 VT events 
reported in the ARNI group versus 143 events reported 
in the ACEI/ARB group. There was no statistically signif-
icant difference between the 2 groups (OR, 0.72; 95% CI, 
0.42–1.21; P = .21; I2 = 47%; P = .06) (Figure 5A). A sensi-
tivity analysis was performed by excluding the observa-
tional studies from the analysis, which showed resolution 
of the 47% heterogeneity between the groups. However, 
ARNIs did not lead to a significant reduction in VT com-
pared to ACEIs/ARBs in the 5 RCTs (OR, 1.15; 95% CI, 
0.66–2.00; P = .61; I2 = 25%; P = .26) (Figure 5B).

Ventricular fibrillation.  VF outcomes were only avail-
able from 3 RCTs. Most of the events reported were from 
only 1 trial (PARADIGM-HF with 81.3% weight). There 
were 28 VF events reported in the ARNI group versus 34 
events reported in the ACEI/ARB group. There was no 
significant reduction in the incidence of VF in the ARNI 
group compared to the ACEI/ARB group (OR, 0.82; 95% 
CI, 0.50–1.36; P = .45; I2 = 0%; P = .67) (Figure 6).

Implantable cardioverter-defibrillator shocks.  Data 
on appropriate ICD shocks were available only from 
the 3 observational studies. There were 10 appropriate 
ICD shocks in the ARNI group versus 41 in the ACEI/
ARB group. The number of ICD shocks was significantly 
reduced in patients treated with ARNIs compared to Ta

b
le

 1
: C

h
ar

ac
te

ri
st

ic
s 

o
f 

In
cl

u
d

ed
 S

tu
d

ie
s 

En
ro

lli
n

g
 P

at
ie

n
ts

 w
it

h
 H

ea
rt

 F
ai

lu
re

 w
it

h
 R

ed
u

ce
d

 E
je

ct
io

n
 F

ra
ct

io
n

 o
r 

Pr
es

er
ve

d
 E

je
ct

io
n

 F
ra

ct
io

n
 T

re
at

ed
 w

it
h

 A
n

g
io

te
n

si
n

 
R

ec
ep

to
r–

N
ep

ri
ly

si
n

 In
h

ib
it

o
rs

 V
er

su
s 

A
n

g
io

te
n

si
n

-c
o

n
ve

rt
in

g
 E

n
zy

m
e 

In
h

ib
it

o
rs

/A
n

g
io

te
n

si
n

 II
 R

ec
ep

to
r 

B
lo

ck
er

s

St
u

d
y 

(y
ea

r)
St

u
d

y 
Pe

ri
o

d
 (

m
o

n
th

s)
St

u
d

y 
D

es
ig

n
C

o
n

tr
o

l
R

an
d

o
m

iz
at

io
n

In
te

rv
en

ti
o

n
/C

o
n

tr
o

l
St

u
d

y 
Po

p
u

la
ti

o
n

PA
R

A
D

IG
M

-H
F 

(2
01

4)
35

R
an

d
o

m
iz

ed
, d

o
u

b
le

 b
lin

d
A

R
B

1:
1

4,
18

7/
4,

21
2

A
g

e 
≥ 

18
 y

ea
rs

, N
Y

H
A

 ≥
 II

, E
F 

≤ 
35

%

O
U

TS
TE

P-
H

F 
(2

01
8)

3
R

an
d

o
m

iz
ed

, d
o

u
b

le
 b

lin
d

A
C

EI
1:

1
31

0/
31

1
A

g
e 

≥ 
18

 y
ea

rs
, N

Y
H

A
 ≥

 II
, E

F 
≤ 

40
%

PA
R

A
G

O
N

-H
F 

(2
01

9)
27

R
an

d
o

m
iz

ed
, d

o
u

b
le

 b
lin

d
A

R
B

1:
1

2,
40

7/
2,

38
9

A
g

e 
≥ 

50
 y

ea
rs

, N
Y

H
A

 ≥
 II

, E
F 

≥ 
45

%

PI
O

N
EE

R
-H

F 
(2

01
9)

36
R

an
d

o
m

iz
ed

, d
o

u
b

le
 b

lin
d

A
C

EI
1:

1
44

0/
44

1
A

g
e 

≥ 
18

 y
ea

rs
, E

F 
≤ 

40
%

EV
A

LU
A

TE
-H

F 
(2

01
9)

3
R

an
d

o
m

iz
ed

, d
o

u
b

le
 b

lin
d

A
C

EI
1:

1
23

1/
23

3
A

g
e 

≥ 
50

 y
ea

rs
, N

Y
H

A
 I–

III
, E

F 
≤ 

40
%

PA
R

A
LL

A
X

 (
20

21
)

6
R

an
d

o
m

iz
ed

, d
o

u
b

le
 b

lin
d

A
C

EI
/A

R
B

1:
1

1,
28

0/
1,

28
1

A
g

e 
≥ 

45
 y

ea
rs

, N
Y

H
A

 ≥
 II

, E
F 

≥ 
40

%

d
e 

D
ie

g
o

 e
t 

al
. (

20
18

)20
18

O
b

se
rv

at
io

n
al

, p
ro

sp
ec

ti
ve

 c
o

h
o

rt
A

C
EI

/A
R

B
N

/A
12

0/
12

0
EF

 ≤
 4

0%
, N

Y
H

A
 ≥

 II
, I

C
D

M
ar

te
n

s 
et

 a
l. 

(2
01

9)
21

12
R

et
ro

sp
ec

ti
ve

 c
o

h
o

rt
A

C
EI

/A
R

B
N

/A
15

1/
15

1
EF

 ≤
 3

5%
, N

Y
H

A
 ≥

 II
, I

C
D

 o
r 

C
R

T

G
o

n
ça

lv
es

 e
t 

al
. (

20
19

)22
6

Pr
o

sp
ec

ti
ve

 c
o

h
o

rt
A

C
EI

N
/A

35
/3

5
N

Y
H

A
 ≥

 II
, E

F 
≤ 

40
%

R
u

ss
o

 e
t 

al
. (

20
20

)23
36

Pr
o

sp
ec

ti
ve

 c
o

h
o

rt
A

C
EI

/A
R

B
N

/A
16

7/
16

7
EF

 ≤
 4

0%
, N

Y
H

A
 II

, I
C

D

A
b

b
re

vi
at

io
n

s:
 A

C
EI

, a
n

g
io

te
n

si
n

-c
o

n
ve

rt
in

g
 e

n
zy

m
e 

in
h

ib
it

o
r;

 A
R

B
, a

n
g

io
te

n
si

n
 II

 r
ec

ep
to

r 
b

lo
ck

er
; E

F,
 e

je
ct

io
n

 f
ra

ct
io

n
; C

R
T,

 c
ar

d
ia

c 
re

sy
n

ch
ro

n
iz

at
io

n
 t

h
er

ap
y;

 IC
D

, 
im

p
la

n
ta

b
le

 c
ar

d
io

ve
rt

er
-d

efi
b

ri
lla

to
r;

 N
/A

, n
o

t 
ap

p
lic

ab
le

; N
Y

H
A

, N
ew

 Y
o

rk
 H

ea
rt

 A
ss

o
ci

at
io

n
.

Impact of ARNIs on Arrhythmias in Patients with HF

The Journal of Innovations in Cardiac Rhythm Management, September 2022� 5167



Ta
b

le
 2

: B
as

el
in

e 
C

h
ar

ac
te

ri
st

ic
s 

o
f 

th
e 

St
u

d
y 

Po
p

u
la

ti
o

n

N
Y

H
A

 F
u

n
ct

io
n

al
 C

la
ss

, n
o

. (
%

)
Is

ch
em

ic
 

C
ar

d
io

m
yo

p
at

h
y,

 
n

o
. (

%
)

C
R

T,
 

n
o

. 
(%

)

IC
D

, 
n

o
. 

(%
)

A
tr

ia
l 

Fi
b

ri
lla

ti
o

n
, 

n
o

. (
%

)

A
C

EI
 o

r 
A

R
B

, 
n

o
. (

%
)

M
in

er
al

o
co

rt
ic

o
id

 
A

n
ta

g
o

n
is

t,
 n

o
. 

(%
)

D
ig

it
al

is
, 

n
o

. (
%

)
D

iu
re

ti
cs

, 
n

o
. (

%
)

β-
B

lo
ck

er
, 

n
o

. (
%

)
M

ea
n

 E
F 

(%
) 

± 
SD

W
h

it
e,

 
n

o
. 

(%
)

M
al

e,
 

n
o

. 
(%

)

M
ea

n
 

A
g

e 
± 

SD
 

(y
ea

rs
)

St
u

d
y

IV
III

II
I

33
  

(0
.8

)
96

9 
 

(2
3.

1)
2,

99
8 

 
(7

1.
6)

18
0 

 
(4

.3
)

2,
50

9 
(5

9.
9)

29
2 

 
(7

.0
)

62
3 

 
(1

4.
9)

1,
51

7 
(3

6.
2)

3,
26

6 
 

(7
8)

2,
27

1 
(5

4.
2)

1,
22

3 
 

(2
9.

2)
3,

36
3 

 
(8

0.
3)

3,
89

9
29

.6
 ±

  6
.1

2,
76

3 
 

(6
6.

0)
3,

30
8 

 
(7

8.
9)

63
.8

 ±
 1

1.
5

PA
RA

D
IG

M
-H

F

2 
 

(0
.6

5)
14

6 
 

(4
7.

25
)

16
1 

 
(5

2.
10

)
0

17
7 

(5
7.

28
)

N
A

N
/A

14
7 

(4
7.

57
)

30
9 

 
(9

7.
7)

19
9 

(6
4.

4)
0

24
0 

 
(7

7.
7)

28
0 

(9
0.

6)
N

A
29

8 
 

(9
6.

4)
23

8 
 

(7
7.

02
)

66
.9

 ±
 1

0.
7 

O
U

TS
TE

P-
H

F

8 
 

(0
.3

)
45

8 
 

(1
9.

0)
1,

86
6 

 
(7

7.
5)

73
  

(3
.0

)
89

9 
(3

7.
4)

N
//A

N
/A

77
5 

(3
2.

2)
2,

07
4 

 
(8

6.
2)

59
2 

(2
4.

6)
N

/A
2,

29
4 

 
(9

5.
3)

1,
92

2 
(7

9.
9)

57
.6

 ±
  7

.8
1,

96
3 

 
(8

1.
6)

1,
23

9 
 

(4
8.

4)
72

.7
 ±

 8
.3

 
PA

R
A

G
O

N
-H

F

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

20
8 

 
(4

7.
3)

48
 (

10
.9

)
41

  
(9

.3
)

29
2 

 
(6

6.
3)

26
2 

(5
9.

5)
24

26
2 

 
(5

9.
3)

32
7 

 
(7

2.
1)

61
 ±

 1
4

PI
O

N
EE

R
-H

F

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

1,
11

2 
 

(8
6)

1,
27

1 
 

(4
9.

3)
72

.6
 ±

 8
.5

PA
R

A
LL

A
X

0
10

0 
 

(2
1.

5)
31

3 
 

(6
7.

3)
61

  
(1

3.
1)

28
3 

(6
0.

9)
N

/A
N

/A
N

/A
39

1 
 

(8
4)

11
5 

(2
4.

7)
N

/A
25

8 
 

(5
5.

4)
40

0 
(8

6)
33

.5
 ±

 1
0

34
1 

 
(7

3.
5)

35
5 

 
(7

6.
5)

67
.3

 ±
 9

.1
EV

A
LU

A
TE

-H
F

N
/A

N
/A

N
/A

N
/A

98
 (

82
)

52
.8

  
(4

4)
57

.2
  

(5
6)

17
 (

14
)

11
6 

 
(7

5)
11

6 
(9

7)
N

/A
90

  
(7

5)
11

7 
(9

8)
30

.4
 ±

 4
N

A
91

  
(7

6)
69

 ±
 8

d
e 

D
ie

g
o

 
et

 a
l.20

3 
 

(1
.3

)
46

  
(3

0.
7)

10
2 

 
(6

8)
0

69
10

5 
 

(6
9.

6)
46

  
(3

0.
4)

63
 (

41
)

15
1 

 
(1

00
)

13
0 

(8
6)

13
  

(9
)

73
  

(4
8)

14
3 

(9
5)

29
 ±

 9
N

A
12

3 
 

(8
2)

67
.7

 ±
 9

.9
M

ar
te

n
s 

et
 a

l.21

N
/A

N
/A

N
/A

N
/A

15
 (

42
.9

)
7 

 
(2

0)
30

  
(8

5.
6)

14
 (

40
)

35
  

(1
00

)
33

 (
94

.3
)

9 
 

(2
5.

7)
N

/A
35

 (
10

0)
29

.3
 ±

 6
.4

N
A

29
  

(8
2.

9)
58

.6
 ±

 1
1.

1
G

o
n

ça
lv

es
 

et
 a

l.22

0
55

  
(3

3)
11

2 
 

(6
7)

0
86

.8
 (

52
.1

)
N

/A
N

/A
34

 (
20

)
16

7 
 

(1
00

)
15

0 
(9

0)
N

/A
16

7 
 

(1
00

)
16

4 
(9

8)
28

.1
 ±

 3
.2

N
A

14
0 

 
(8

4.
5)

68
.1

 ±
 1

1.
6

R
u

ss
o

 e
t 

al
.23

A
b

b
re

vi
at

io
n

s:
 A

C
EI

, a
n

g
io

te
n

si
n

-c
o

n
ve

rt
in

g
 e

n
zy

m
e 

in
h

ib
it

o
r;

 A
R

B
, a

n
g

io
te

n
si

n
 II

 r
ec

ep
to

r 
b

lo
ck

er
; C

R
T,

 c
ar

d
ia

c 
re

sy
n

ch
ro

n
iz

at
io

n
 t

h
er

ap
y;

 E
F,

 e
je

ct
io

n
 f

ra
ct

io
n

; I
C

D
, 

im
p

la
n

ta
b

le
 c

ar
d

io
ve

rt
er

-d
efi

b
ri

lla
to

r;
 N

/A
, n

o
t 

ap
p

lic
ab

le
; n

o
., 

n
u

m
b

er
; N

Y
H

A
, N

ew
 Y

o
rk

 H
ea

rt
 A

ss
o

ci
at

io
n

; S
D

, s
ta

n
d

ar
d

 d
ev

ia
ti

o
n

.

H. Mujadzic, G. S. Prousi, R. Napier, et al.

5168� The Journal of Innovations in Cardiac Rhythm Management, September 2022



Table 3: Quality Assessment of Bias for Included Randomized Controlled Trials

Study Random Sequence 
Generation

Allocation 
Concealment

Blinding of Participants 
and Personnel

Blinding of Outcome 
Assessment

Incomplete 
Outcome Data

Selective 
Reporting

PARADIGM-HF Low risk Low risk Low risk Low risk Low risk Low risk

OUTSTEP-HF Low risk Low risk Low risk Low risk Low risk Low risk

PARAGON-HF Low risk Low risk Low risk Low risk Low risk Low risk

PIONEER-HF Low risk Low risk Low risk Low risk Low risk Low risk

PARALLAX- Low risk Low risk Low risk Low risk Low risk Low risk

EVALUATE-HF Low risk Low risk Low risk Low risk Low risk Low risk

Table 4: Quality Assessment of Bias for Included Observational Studies

Study Type of Study Selection Comparability Outcome
de Diego et al.20 Prospective cohort   

Martens et al.21 Retrospective cohort  N/A  

Russo et al.23 Prospective cohort   

Gonçalves et al.22 Prospective cohort   

Abbreviation: N/A, not applicable. Possible maximum of 4 stars for selection, 2 stars for 
comparability, and 3 stars for outcome, respectively.

Figure 2: Composite outcome of sudden cardiac death and ventricular arrhythmias among heart failure patients treated with 
angiotensin receptor–neprilysin inhibitors versus angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers in all 
included studies (A) and in only randomized controlled trials (B). Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, 
angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; CI, confidence interval; M–H, Mantel–Haenszel.
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ACEIs/ARBs (OR, 0.23; 95% CI, 0.11–0.47; P < .0001; I2 = 
0%; P = .77) (Figure 7).

Atrial fibrillation/flutter and supraventricular tachy
cardia.  There was no significant difference in the inci-
dence of AF events between the ARNI group and the 
ACEI/ARB group (OR, 0.87; 95% CI, 0.65–1.17; P =  .37; 
I2  =  51%; P  =  .05) (Figure 8A). A subgroup analysis 
was performed between the RCTs and observational 
studies due to a moderate heterogeneity of 51%. The 

observational studies showed a significant reduction 
in AF in the ARNI group (OR, 0.56; 95% CI, 0.38–0.83; 
P = .004; I2 = 0%; P = .46) (Figure 8B), which was not evi-
dent among the RCTs (OR, 1.05; 95% CI, 0.88–1.26; P = .57; 
I2 = 5%; P = .38) (Figure 8C). The RCTs also included data 
on the incidence of SVT. There were a total of 49 events 
reported in the ARNI group and 59 events in the ACEI/
ARB group. There was no significant difference between 
the groups in terms of SVT events (OR, 0.82; 95% CI, 0.56–
1.20; P = .31; I2 = 0%; P = .73) (Figure 8D).

Figure 3: Composite outcome of sudden cardiac death and ventricular arrhythmias among heart failure with reduced ejec-
tion fraction patients treated with angiotensin receptor–neprilysin inhibitors versus angiotensin-converting enzyme inhibitors/
angiotensin II receptor blockers in all included studies (A) and in only randomized controlled trials (B). Abbreviations: ACEI, 
angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibi-
tor; CI, confidence interval; M–H, Mantel–Haenszel.

Figure 4: Sudden cardiac death among heart failure patients treated with angiotensin receptor–neprilysin inhibitors ver-
sus angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers. Abbreviations: ACEI, angiotensin-converting 
enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; CI, confidence interval; 
M–H, Mantel–Haenszel.
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Figure 5: Ventricular tachycardia among heart failure patients treated with angiotensin receptor–neprilysin inhibitors versus 
angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers in all included studies (A) and in only randomized 
controlled trials (B). Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, 
angiotensin receptor–neprilysin inhibitor; CI, confidence interval; M–H, Mantel–Haenszel.

Figure 7: Appropriate implantable cardioverter-defibrillator shocks among heart failure patients treated with angiotensin 
receptor–neprilysin inhibitors versus angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers. Abbreviations: 
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin 
inhibitor; CI, confidence interval; M–H, Mantel–Haenszel.

Figure 6: Ventricular fibrillation among heart failure patients treated with angiotensin receptor–neprilysin inhibitors versus 
angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers. Abbreviations: ACEI, angiotensin-converting 
enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; CI, confidence inter-
val; M–H, Mantel–Haenszel.

Impact of ARNIs on Arrhythmias in Patients with HF

The Journal of Innovations in Cardiac Rhythm Management, September 2022� 5171



Figure 8: Atrial fibrillation among heart failure patients treated with angiotensin receptor–neprilysin inhibitors (ARNIs) 
versus angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin II receptor blockers (ARBs) in all included studies (A), 
observational studies (B), and randomized controlled trials (C). Supraventricular tachycardia among patients treated with 
ARNIs versus ACEIs/ARBs in randomized controlled trials (D). Abbreviations: ACEI, angiotensin-converting enzyme inhib-
itor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; CI, confidence interval; M–H, 
Mantel–Haenszel.
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Figure 9: The odds ratios of arrhythmia endpoints for angio-
tensin receptor–neprilysin inhibitors versus angiotensin-con-
verting enzyme inhibitors/angiotensin II receptor block-
ers in all included studies for patients with heart failure. 
Abbreviations: ACEI, angiotensin-converting enzyme inhib-
itor; ARB, angiotensin II receptor blocker; ARNI, angiotensin 
receptor–neprilysin inhibitor; CI, confidence interval; M–H, 
Mantel–Haenszel.

Finally, Figure 9 summarizes the ORs of all arrhythmia 
endpoints in this meta-analysis for ARNIs and ACEIs/
ARBs in all included studies for patients with HF.

Discussion
This systematic review and meta-analysis demonstrates 
that patients with HFrEF and HFpEF treated with ARNIs 
had a lower incidence of the composite endpoint of ven-
tricular arrhythmias (including VT and VF), SCD, and 
ICD shocks. There were no significant differences in the 
incidence of AF and SVT between patients treated with 
ARNIs and those treated with ACEIs/ARBs. The reduc-
tion in the composite of ventricular arrhythmias and SCD 
was mainly driven by the reduction in SCD events as 
there was no significant difference in isolated VT or VF 
events. SCD events were only reported in the RCTs, while 
data regarding ICD therapy were only reported in the 
observational studies. Significant heterogeneity between 
the groups was further analyzed using subgroup and 
sensitivity analyses, and much of the heterogeneity was 
due to the differences in the type of studies (RCT vs. 
observational study).

Clinical manifestations of HF are vast, with arrhythmias 
being one of the most common. Ventricular remodeling 
resulting in clinical pump failure has been implicated in 
SCD and strongly correlates with arrhythmia.24–26 ARNIs’ 
theorized effect on arrhythmias involves structural and 
electrical remodeling on a cardiomyocyte level. In normal 
hearts, contraction and conformational changes result 
from membrane depolarization in which calcium (Ca2+) 
enters the cell, resulting in a cascade of events mitigated 
by the sarcoplasmic reticulum and ryanodine recep-
tor type 2 (RYR2).25 Further downstream regulation via 
sodium (Na+)/Ca2+ exchanger and Ca2+ ATPase pumps 
results in the sequestration of Ca2+, which contributes 
to diastasis and relaxation.27,28 In patients with HF, ven-
tricular myocytes have an upregulated Ca2+ removal via 

the Na+/Ca2+ exchanger and RYR2  malfunction, which 
results in calcium leakage, remodeling, and oxidative 
stress.29,30 Ultimately, profound Ca2+ imbalance triggers 
delayed afterdepolarization, resulting in ventricular 
arrhythmias.31 ARNIs have demonstrated the reduction 
in cardiac remodeling and translational modifications 
associated with Ca2+ homeostasis, which in turn mitigates 
delayed afterdepolarization, thus reducing ventricular 
arrhythmias related to SCD.32,33

Additional mechanisms of reducing ventricular arrhyth-
mias and SCD via ARNI therapy pertain to the dep-
osition of extracellular matrix proteins and fibrosis 
associated with electrical inhomogeneity and reentrant 
ventricular arrhythmias.34,35 Studies have demonstrated 
the reduction in profibrotic markers and myocardial 
fibrosis in patients after the initiation of ARNI therapy 
compared to ACEIs/ARBs, in addition to reduction of 
angiotensin II-mediated cardiac fibrosis and remodeling, 
which is mitigated by ARNI therapy.36–38 The renin–angi-
otensin–aldosterone system (RAAS), natriuretic peptide, 
and sympathetic nervous system play essential roles in 
the progression of HF and ventricular arrhythmogene-
sis.39,40 The inhibition of angiotensin receptors and nepri-
lysin results in the inactivation of RAAS and the natriu-
retic peptide system, which are overactivated in patients 
with HF. Neprilysin, a membrane metalloendopeptidase 
enzyme, is responsible for the degradation of multiple 
vasoactive peptides and reduces preload and ventricular 
remodeling.41,42 Additionally, ARB blocks the receptor 
type-1 and decreases the effects of angiotensin II, which 
prevents vasoconstriction, water retention, and myocar-
dial hypertrophy.43,44

To the best of our knowledge, we are the first to con-
duct a meta-analysis on the outcomes of arrhythmia and 
SCD in patients with both HFrEF and HFpEF treated 
with ARNI therapy. This study included an analysis of 
the composite incidence of ventricular arrhythmias and 
SCD from RCTs and observational studies.7,8,16–23 While 
composite outcomes of ventricular arrhythmia and SCD 
were statistically significant, the interpretation of VT and 
VF separately showed no statistically significant differ-
ence. The under-reporting or inaccurate identification 
of ventricular arrhythmic events may be responsible for 
the lack of significant statistical outcomes, which is one 
of the limitations of this study. All studies demonstrated 
adverse outcomes of tachycardia; however, specification 
as to whether it was explicitly ventricular was lacking. 
This inconsistent terminology may be responsible for 
outcomes favoring a reduction in SCD, but not demon-
strating a statistically significant reduction in individual 
arrhythmias. Additionally, studies did not separate the 
events in terms of sustained or non-sustained VT, which 
could be helpful in subgroup analysis. Another limita-
tion of this study includes observational studies with the 
possible presence of ascertainment bias. Regarding the 
use of guideline-directed medical therapy, nearly 80% of 
patients enrolled were on β-blocker therapy, and the use 
of anti-arrhythmic therapy was not reported in all stud-
ies, which could have influenced the results. Thus, further 

Impact of ARNIs on Arrhythmias in Patients with HF

The Journal of Innovations in Cardiac Rhythm Management, September 2022� 5173



prospective studies are needed to confirm whether such 
benefits of ARNIs exist.

References
1.	 Ho KK, Pinsky JL, Kannel WB, Levy D. The epidemiology 

of heart failure: the Framingham Study. J Am Coll Cardiol. 
1993;22(4 Suppl A):6A–13A.

2.	 Virani SS, Alonso A, Benjamin EJ, et al. Heart disease and 
stroke statistics; 2020 update: a report from the American 
Heart Association. Circulation. 2020;141(9):e139–e596.

3.	 Heidenreich PA, Albert NM, Allen LA, et al. Forecasting the 
impact of heart failure in the United States. Circ Heart Fail. 
2013;6:606–619.

4.	 Alvarez CK, Cronin E, Baker WL, Kluger J. Heart failure as 
a substrate and trigger for ventricular tachycardia. J Interv 
Card Electrophysiol. 2019;56(3):229–247.

5.	 Tomaselli GF, Zipes DP. What causes sudden death in heart 
failure? Circ Res. 2004;95(8):754–763.

6.	 Hubers SA, Brown NJ. Combined angiotensin recep-
tor antagonism and neprilysin inhibition. Circulation. 
2016;133:1115–1124.

7.	 McMurray JJ, Packer M, Desai AS, et  al. Angiotensin-
neprilysin inhibition versus enalapril in heart failure. N Engl 
J Med. 2014;371(11):993–1004.

8.	 Solomon SD, McMurray JJV, Anand IS. et al. Angiotensin-
neprilysin inhibition in heart failure with preserved ejection 
fraction. N Engl J Med. 2019;381(17):1609–1620.

9.	 Desai AS, McMurray JJV, Packer M, et al. Effect of the angio-
tensin-receptor-neprilysin inhibitor LCZ696 compared with 
enalapril on mode of death in heart failure patients. Eur 
Heart J. 2015;36(30):1990–1997.

10.	 Zhang H, Huang T, Shen W, et  al. Efficacy and safety of 
sacubitril-valsartan in heart failure: a meta-analysis of 
randomized controlled trials. ESC Heart Fail. 2020;7(6): 
3841–3850.

11.	 Lin J, Zhou J, Xie G, Liu J. Efficacy and safety of sacubi-
tril-valsartan in patients with heart failure: a systematic 
review and meta-analysis of randomized clinical trials. 
Medicine. 2021;100(52):e28231.

12.	 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA state-
ment for reporting systematic reviews and meta-analyses of 
studies that evaluate healthcare interventions: explanation 
and elaboration. BMJ. 2009;339:b2700.

13.	 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane 
Collaboration’s tool for assessing risk of bias in randomised 
trials. BMJ. 2011;343:d5928.

14.	 Zeng X, Zhang Y, Kwong JS, et al. The methodological quality 
assessment tools for preclinical and clinical studies, system-
atic review and meta-analysis, and clinical practice guide-
line: a systematic review. J Evid Based Med. 2015;8(1):2–10.

15.	 Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ. 2003;327(7414):557–560.

16.	 Piepoli MF, Hussain RI, Comin-Colet J, 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(1):127–135.

17.	 Velazquez EJ, Morrow DA, DeVore AD, et al. Angiotensin-
neprilysin inhibition in acute decompensated heart failure. 
N Engl J Med. 2019;380(6):539–548.

18.	 Desai AS, Solomon SD, Shah AM, et  al. Effect of sacubi-
tril-valsartan vs enalapril on aortic stiffness in patients with 
heart failure and reduced ejection fraction: a randomized 
clinical trial. JAMA. 2019;322(11):1077–1084.

19.	 Pieske B, Wachter R, Shah SJ, et  al. Effect of sacubi-
tril/valsartan vs standard medical therapies on plasma 
NT-proBNP concentration and submaximal exercise capac-
ity in patients with heart failure and preserved ejection 
fraction: the PARALLAX randomized clinical trial. JAMA. 
2021;326(19):1919–1929.

20.	 de Diego C, González-Torres L, Núñez JM, et  al. Effects 
of angiotensin-neprilysin inhibition compared to angio-
tensin inhibition on ventricular arrhythmias in reduced 
ejection fraction patients under continuous remote moni-
toring of implantable defibrillator devices. Heart Rhythm. 
2018;15(3):395–402.

21.	 Martens P, Nuyens D, Rivero-Ayerza M, et  al. Sacubitril/
valsartan reduces ventricular arrhythmias in parallel with 
left ventricular reverse remodeling in heart failure with 
reduced ejection fraction. Clin Res Cardiol. 2019;108(10): 
1074–1082.

22.	 Gonçalves AV, Pereira-da-Silva T, Galrinho A, et  al. 
Antiarrhythmic effect of sacubitril-valsartan: cause or con-
sequence of clinical improvement? J Clin Med. 2019;8(6):869.

23.	 Russo V, Bottino R, Rago A, 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 defi-
brillator. J Clin Med. 2020;9(4):1111.

24.	 Cheng S, Vasan RS. Advances in the epidemiology of 
heart failure and left ventricular remodeling. Circulation. 
2011;124(20):e516–e519.

25.	 Mann DL, Bristow MR. Mechanisms and models in heart 
failure: the biomechanical model and beyond. Circulation. 
2005;111(21):2837–2849.

26.	 Saxon LA, Bristow MR, Boehmer J, et al. Predictors of sud-
den cardiac death and appropriate shock in the compari-
son of medical therapy, pacing, and defibrillation in heart 
failure (COMPANION) trial. Circulation. 2006;114(25): 
2766–2772.

27.	 Balke C, Shorofsky SR. Alterations in calcium handling 
in cardiac hypertrophy and heart failure. Cardiovasc Res. 
1998;37(2):290–299.

28.	 Verkerk AO, Veldkamp MW, Baartscheer A, et al. Ionic mech-
anism of delayed after depolarizations in ventricular cells 
isolated from human end-stage failing hearts. Circulation. 
2001;104(22):2728–2733.

29.	 Hobai IA, O’Rourke B. Decreased sarcoplasmic reticu-
lum calcium content is responsible for defective excita-
tion-contraction coupling in canine heart failure. Circulation. 
2001;103(11):1577–1584.

30.	 Dridi H, Kushnir A, Zalk R, Yuan Q, Melville Z, Marks AR. 
Intracellular calcium leak in heart failure and atrial fibrilla-
tion: a unifying mechanism and therapeutic target. Nat Rev 
Cardiol. 2020;17(11):732–747.

31.	 Coronel R, Wilders R, Verkerk AO, Wiegerinck RF, Benoist 
D, Bernus O. Electrophysiological changes in heart fail-
ure and their implications for arrhythmogenesis. Biochim 
Biophys Acta. 2013;1832(12):2432–2441.

32.	 Eiringhaus J, Wünsche CM, Tirilomis P, et  al. Sacubitrilat 
reduces pro-arrhythmogenic sarcoplasmic reticulum Ca2+ 
leak in human ventricular cardiomyocytes of patients 
with end-stage heart failure. ESC Heart Fail. 2020;7(5): 
2992–3002.

33.	 Iborra-Egea O, Gálvez-Montón C, Roura S, et al. Mechanisms 
of action of sacubitril/valsartan on cardiac remodeling: a 
systems biology approach. NPJ Syst Biol Appl. 2017;3:12.

34.	 Davis J, Sapp J. The risk and prevention of sudden death 
in patients with heart failure with reduced ejection fraction. 
Curr Opin Cardiol. 2020;35(2):138–144.

H. Mujadzic, G. S. Prousi, R. Napier, et al.

5174� The Journal of Innovations in Cardiac Rhythm Management, September 2022



35.	 Piek A, de Boer RA, Silljé HH. The fibrosis-cell death axis in 
heart failure. Heart Fail Rev. 2016;21(2):199–211.

36.	 Zile MR, O’Meara E, Claggett B, et al. Effects of sacubitril/
valsartan on biomarkers of extracellular matrix regula-
tion in patients with HFrEF. J Am Coll Cardiol. 2019;73(7): 
795–806.

37.	 von Lueder TG, Wang BH, Kompa AR, et  al. Angiotensin 
receptor neprilysin inhibitor LCZ696 attenuates cardiac 
remodeling and dysfunction after myocardial infarction by 
reducing cardiac fibrosis and hypertrophy. Circ Heart Fail. 
2015;8(1):71–78.

38.	 Wang BH, von Lueder TG, Kompa AR, et  al. Combined 
angiotensin receptor blockade and neprilysin inhibition 
attenuates angiotensin-II mediated renal cellular collagen 
synthesis. Int J Cardiol. 2015;186:104–105.

39.	 D’Elia E, Iacovoni A, Vaduganathan M, Lorini FL, Perlini S, 
Senni M. Neprilysin inhibition in heart failure: mechanisms 
and substrates beyond modulating natriuretic peptides. Eur 
J Heart Fail. 2017;19(6):710–717.

40.	 Packer M. Neurohormonal antagonists are preferred to an 
implantable cardioverter-defibrillator in preventing sudden 
death in heart failure. JACC Heart Fail. 2019;7(10):902–906.

41.	 Jhund PS, McMurray JJV. The neprilysin pathway in heart 
failure: a review and guide on the use of sacubitril/valsar-
tan. Heart. 2016;102(17):1342–1347.

42.	 King JB, Bress AP, Reese AD, Munger MA. Neprilysin inhi-
bition in heart failure with reduced ejection fraction: a clini-
cal review. Pharmacotherapy. 2015;35(9):823–837.

43.	 U.S. Food and Drug Administration. ENTRESTO (sacubitril 
and valsartan). Highlights of prescribing information. (cited 
01 April 2017). Available at: http://www.accessdata.fda.
gov/drugsatfda_docs/label/2015/207620Orig1s000lbl.pdf. 
Accessed January 28, 2022.

44.	 Mangiafico S, Costello-Boerrigter LC, Andersen IA, 
Cataliotti A, Burnett JC. Neutral endopeptidase inhi-
bition and the natriuretic peptide system: an evolv-
ing strategy in cardiovascular therapeutics. Eur Heart J. 
2013;34(12):886–893.

Impact of ARNIs on Arrhythmias in Patients with HF

The Journal of Innovations in Cardiac Rhythm Management, September 2022� 5175

http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/207620Orig1s000lbl.pdf 
http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/207620Orig1s000lbl.pdf 

