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Abstract

Aims Radiofrequency catheter ablation (RFCA) is now an established therapeutic option for patients with atrial fibrillation
(AF), but the long-term recurrence rate of AF is still high. Sacubitril/valsartan (Sac/Val) is superior to valsartan in attenuating
ventricular remodelling and improving clinical outcomes in heart failure patients, but whether this additional benefit exists in
reversing atrial remodelling and reducing AF recurrence of RFCA-treated AF patients remains uncovered.
Methods and results Patients that had undergone RFCA were enrolled and randomly assigned 1:1 to valsartan (160 mg/day)
or Sac/Val (200 mg/day) treatment group, in addition to other standard treatment of AF. Patients were followed up for
24 weeks. Echocardiography and ambulatory Holter monitoring for 24 h was performed at 24 weeks after RFCA. The primary
end point was the change of atrial diameter from baseline to 24 weeks after RFCA. Second end points included the recurrence
rate of AF, all-cause hospitalization and all-cause death. A total of 64 AF patients were enrolled, 32 of which received Sac/Val
and 32 received valsartan treatment. There was no difference in the age (64.8 ± 9.8 vs. 63.7 ± 9.0, P = 0.634), gender (per cent
of male: 59.4% vs. 50.0%, P = 0.616), heart rate (84.7 ± 4.1 b.p.m. vs. 80.9 ± 2.6 b.p.m., P = 0.428), systolic (127.5 ± 15.4 mmHg
vs. 130.0 ± 17.8 mmHg, P = 0.549) or diastolic (81.7 ± 9.8 mmHg vs. 79.9 ± 12.6, P = 0.537) blood pressure upon admission
between valsartan and Sac/Val treatment groups. The percentage of persistent AF was also comparable (43.8% vs. 53.1%,
P = 0.617) in both treatment groups. Patients receiving Sac/Val treatment displayed significant decrease in the left atrial di-
ameter (4.3 ± 0.5 cm to 3.8 ± 0.5 cm, P < 0.001), volume index (48.0 ± 6.4 mL/m2 to 41.7 ± 7.0 mL/m2, P < 0.001), and right
atrial diameter (4.4 ± 0.8 cm to 3.9 ± 0.7 cm, P = 0.017) from baseline to 24 weeks after RFCA. This effect was not observed in
valsartan treatment group. There was a numerical decrease in AF recurrence rate in the Sac/Val group compared with valsar-
tan group (9.4% vs. 15.6%), although this difference did not reach a statistical significance (P = 0.708). No difference in all-
cause hospitalization rate (6.3% in each group) or all-cause death rate (0% in each group) was observed.
Conclusions Our data indicate that Sac/Val is superior to valsartan in attenuating atrial structural remodelling in catheter
ablation-treated AF patients.
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Introduction

Atrial fibrillation (AF) is a common type of arrhythmia with a
prevalence rate of 1% in general population and 6% in those
aged over 60 years.1 It dramatically increases the risk of isch-
aemic stroke, heart failure, and death. Radiofrequency

catheter ablation (RFCA) to achieve pulmonary vein isolation
(PVI) is now an established therapeutic option for patients
with symptomatic AF, especially for those who have not
responded to, or have contraindications to, anti-arrhythmic
medication. Compared with anti-arrhythmic therapy, cathe-
ter ablation demonstrates superior efficacy in reducing AF
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recurrence (relative risk reduction of 53%, absolute risk
reduction of 29%) and improving symptoms.2 However, the
success rate in maintaining sinus rhythm is around 80% at
3 years and 60% at 10 years,3 some of which have to receive
multiple procedures to achieve this. How to further reduce
AF recurrence rate in AF patients after RFCA remains an
important clinical issue.

Atrial remodelling, including electrical, structural, and au-
tonomic remodelling, is responsible for the initiation, mainte-
nance, and progression of AF.4 Notably, left atrial size and
volume are independent predictors for AF recurrence after
catheter ablation.5,6 A meta-analysis of 22 studies with
3750 patients shows that increased antero-posterior diame-
ter of the left atria is associated with more recurrence of AF
after RFCA.7 This implies the reverse of atrial structural re-
modelling may be a promising therapeutic strategy in reduc-
ing the AF recurrence after RFCA.

Sacubitril/valsartan (Sac/Val), an angiotensin
receptor-neprilysin inhibitor (ARNI), consists of the molecular
components of valsartan (angiotensin II type 1 receptor
blocker, ARB) and sacubitril (the neprilysin inhibitor).8 In addi-
tion to the function of valsartan, Sac/Val inhibits the degrada-
tion of biologically active natriuretic peptides, which in turn
stimulate natriuresis, diuresis and vasodilation. It has been
shown that Sac/Val is superior to traditional renin-angioten-
sin-aldosterone system (RAAS) inhibitors in the treatment of
cardiovascular diseases, such as reducing the incidences of
major cardiovascular events and levels of biomarkers for
heart failure in patients with heart failure (HF) and reduced
ejection fraction HF (HFrEF).9–11 Notably, several studies have
shown that Sac/Val significantly alleviated cardiac remodel-
ling in myocardial infarction or AF animal models12–14 and
AF patients.15 However, whether Sac/Val provides more ben-
eficial effects than ARBs in reversing atrial remodelling and
reducing AF recurrence after RFCA remains unclear.

Materials and methods

Patients

A cohort of 76 consecutive patients that had undergone their
first AF ablation procedure was prospectively recruited. In-
cluded individuals were ≥18 years of age, and were diag-
nosed with paroxysmal or persistent AF. Paroxysmal AF was
defined as self-terminating episodes of AF lasting <7 days.
Persistent AF was defined as AF sustained ≥7 days, and/or re-
quiring electrical or pharmacological cardioversion.16 Patients
were excluded if they had any contraindications to Sac/Val or
valsartan; were pregnant; had any contraindications to RFCA;
systolic blood pressure less than 100 mmHg; had a history of
angioedema; had experienced a stroke, myocardial infarction
(MI), or peripheral artery disease requiring intervention in

the 6 months prior to screening; hyperthyroidism; had de-
compensated heart failure or gastrointestinal bleeding within
4 weeks prior to the intervention; had life-expectancy
<12 months. This study was reviewed and approved by the
ethics committee at Union Hospital, Tongji Medical Collage,
Huazhong University of Science and Technology, and was
conducted in accordance with the Declaration of Helsinki
and its amendments. The patients/participants provided their
written informed consent to participate in this study prior to
the procedures.

Study design

This was a single-centre, randomized, open-labelled study to
compare the effects of Sac/Val with valsartan on atrial re-
modelling and AF recurrence in AF patients that had under-
gone RFCA. Information for demographic characteristics,
medical history, physical examination, routine blood test
and transthoracic echocardiography were collected at base-
line. Transesophageal echocardiography was performed to
rule out intra-cardiac thrombus. Immediately after AF abla-
tion, patients were randomized 1:1 to Sac/Val or valsartan
treatment group using an online random generator (www.
random.org), receiving Sac/Val (200 mg/day) or Valsartan
(160 mg/day) in addition to other standard treatment of AF,
respectively.

Echocardiography

Cardiac structure and function were assessed by
2-dimensional echocardiography during screening and week
24. Left and right atrial internal diameter, left atrial volume
index, left and right ventricular end-diastolic diameter and
ejection fraction were recorded or calculated. Echocardio-
grams were obtained at the cardiac imaging department ac-
cording to a standardized protocol17 and reviewed in a
blinded fashion.

Electrophysiological study and atrial fibrillation
ablation

All the procedures were performed using radiofrequency en-
ergy and a 3D navigation system (CARTO 3; Biosense-Web-
ster/NAVX; Abbott medical). The detailed procedure of AF ab-
lation was provided in the Supporting Information.

Post-ablation treatment and follow-up

Twelve-lead surface electrocardiogram (ECG) was used to
confirm sinus rhythm after RFCA. Oral anticoagulation was
started the day after RFCA. Antiarrhythmic drug therapy
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was not prescribed. After hospital discharge, all patients were
scheduled in the outpatient department at 4, 12, and
24 weeks after RFCA. They were asked for any symptoms of
AF, documented arrhythmia recurrences and current medica-
tion. Echocardiography and ambulatory Holter monitoring for
24 h were performed 24 weeks after RFCA during follow-up.
An AF episode lasting longer than 30 s outside a blanking pe-
riod of 3 months after RFCA was considered as recurrent AF.

Statistical analysis

The primary end point of this study was the change of atrial
diameter from baseline to 24 weeks after RFCA. Second and
exploratory end points included the recurrence rate of AF,
all-cause hospitalization and all-cause death. Statistical analy-
sis was performed using SPSS (Version 17.0, SPSS Inc., Chi-
cago, IL, USA). Continuous variables were expressed as
mean ± standard deviation; while categorical data were pre-
sented as absolute values and percentages. Statistically signif-
icant differences were determined using a student’s t-test or
a Chi-square test, as appropriate. A P value of 0.05 was con-
sidered as statistically significant.

Results

Characteristics of patients

A total of 76 patients were enrolled in the study, 12 of whom
was discontinued after randomization due to various reasons
(Figure 1). Among the rest 64 patients, 32 received Sac/Val

and 32 received valsartan treatment, in addition to the stan-
dard treatment of AF after ablation. The mean age of the
population was 64.3 ± 9.3 years and 54.7% were male, with
no significant differences between the two groups. The per-
centage of persistent AF was comparable between valsartan
and Sac/Val treatment groups (43.8% vs. 53.1%, P = 0.617).
There is no difference in the mean heart rate, systolic or dia-
stolic blood pressure upon admission between the two
groups (Table 1).

Atrial fibrillation ablation

Bidirectional block of PVI was achieved in all patients, and
posterior box isolation (POBI) was achieved in 83.25% (14/
17) persistent AF patients in Sac/Val group and in 78.57%
(11/14) persistent AF patients in valsartan group. In addition,
there was no significant difference between valsartan group
and Sac/Val group in the rate of mitral isthmus (MI) bidirec-
tional block or the cavotricuspid isthmus (CTI) bidirectional
block (Supporting Information, Table S1).

Atrial structural remodelling

Upon admission, the cardiac structure (including LA diameter,
LA volume index, RA diameter, as well as left and right
ventricle end-diastolic diameters) and function (ejection
fraction) were comparable between valsartan and Sac/Val
group (Table 2). Notably, in patients receiving Sac/Val
treatment, a significant decrease in the left atrial diameter
(4.3 ± 0.5 cm to 3.8 ± 0.5 cm, P < 0.001) and volume index

Figure 1 Study flowchart. AF, atrial fibrillation; RFCA, radiofrequency catheter ablation; Sac/Val, Sacubitril/Valsartan.
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(48.0 ± 6.4 mL/m2 to 41.7 ± 7.0 mL/m2, P< 0.001) from base-
line to 24 weeks after RFCA was observed. This effect was not
observed in valsartan treatment group. There is also a signif-
icant decrease in the RA diameter (from 4.4 ± 0.8 cm to
3.9 ± 0.7 cm, P = 0.017) in the Sac/Val group, but not in the
valsartan group. This indicates Sac/Val is superior to valsartan
in attenuating the atrial remodelling after AF ablation.

Atrial fibrillation recurrence

We also compared the AF recurrence rate in the Sac/Val and
valsartan only groups (Table 3). There was a numerical de-
crease in AF recurrence rate in the Sac/Val group compared

with valsartan group (9.4% vs. 15.6%), although this differ-
ence did not reach a statistical significance (P = 0.708). The
rate for all-cause hospitalization and all-cause death were
similar in both groups.

Blood pressure and side effects

The blood pressure 24 weeks after ablation was similar be-
tween Sac/Val and valsartan treatment groups (systolic:
116.9 ± 14.1 mmHg vs. 119.0 ± 13.6 mmHg, P = 0.556; dia-
stolic: 75.7 ± 12.5 mmHg vs. 78.2 ± 8.9 mmHg, P = 0.362).
Three participants in each group reported symptomatic hypo-
tension during 1-month follow-up and Sac/Val or valsartan

Table 1 Demographic and clinical characteristics of the patients at baseline

Variable Valsartan (n = 32) Sac/Val (n = 32) P value*

Demographics
Age (years) 64.8 ± 9.8 63.7 ± 9.0 0.634
Male gender (%) 19/32 (59.4) 16/32 (50.0) 0.616
BMI (kg/m2) 23.8 ± 3.8 24.3 ± 3.4 0.582

Persistent AF (%) 14/32 (43.8) 17/32 (53.1) 0.617
History

Hypertension (%) 19/32 (59.4) 20/32 (62.5) >0.999
Diabetes mellitus (%) 6/32 (18.8) 6/32 (18.8) >0.999
Hypercholesterolemia (%) 11/32 (34.4) 6/32 (18.8) 0.257
Chronic Heart Failure (%) 10/32 (31.3) 11/32 (34.4) 0.788
History of MI (%) 2/32 (6.3) 3/32 (9.4) >0.999
Prior PCI/CABG (%) 2/32 (6.3) 3/32 (9.4) >0.999
PVD (%) 17/32 (53.1) 13/32 (40.6) 0.616
Stroke (%) 5/32 (15.6) 3/32 (9.4) 0.709
COPD (%) 5/32 (15.6) 7/32 (21.9) >0.999
CKD (%) 9/32 (28.1) 8/32 (25.0) >0.999

Data on hospital admission
Heart rate (b.p.m.) 84.7 ± 4.1 80.9 ± 2.6 0.428
Systolic BP (mmHg) 127.5 ± 15.4 130.0 ± 17.8 0.549
Diastolic BP (mmHg) 81.7 ± 9.8 79.9 ± 12.6 0.537
Haemoglobin (g/L) 127.7 ± 15.1 127.3 ± 20.2 0.939
Creatinine (mg/dL) 76.5 ± 21.3 75.8 ± 15.1 0.893
eGFR (mL/min/1.73 m2) 81.9 ± 21.6 80.7 ± 22.3 0.823
Serum potassium (mmol/L) 3.8 ± 0.5 4.0 ± 0.3 0.095

b.p.m., beats per minute; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass grafting; CHF, congestive heart failure;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; MI, myocardial in-
farction; PCI, percutaneous coronary intervention; PVD, peripheral vascular disease.
*P < 0.05, valsartan group versus Sac/Val group.

Table 2 Echocardiographic parameters at baseline and 24 weeks

Parameter

Baseline 24 weeks
P

value*
P

value#
P

value$Valsartan (n = 32) Sac/Val (n = 32) Valsartan (n = 32) Sac/Val (n = 32)

LA dimeter (cm) 4.3 ± 0.5 4.3 ± 0.5 4.1 ± 0.4 3.8 ± 0.5 0.279 <0.001 0.006
RA dimeter (cm) 4.2 ± 0.6 4.4 ± 0.8 4.2 ± 0.6 3.9 ± 0.7 0.951 0.017 0.053
LAVi (mL/m2) 46.8 ± 6.5 48.0 ± 6.4 45.3 ± 5.8 41.7 ± 7.0 0.356 <0.001 0.027
LVDd (cm) 4.7 ± 0.6 4.9 ± 0.7 4.8 ± 0.5 4.9 ± 0.5 0.839 >0.999 0.460
RVDd (cm) 3.6 ± 0.5 3.7 ± 0.7 3.6 ± 0.5 3.5 ± 0.5 0.963 0.244 0.565
LVEF (%) 60.6 ± 6.8 60.9 ± 6.6 62.8 ± 3.7 63.8 ± 5.0 0.115 0.054 0.332

LA, left atrial; RA, right atrial; LAVi, left atrial volume index; LVDd, left ventricle end-diastolic diameter; LVEF, left ventricular ejection frac-
tion; RVDd, right ventricle end-diastolic diameter.
*P < 0.05, valsartan group baseline versus 24 weeks after AF ablation.
#P < 0.05, Sac/Val group baseline versus 24 weeks after AF ablation.
$P < 0.05, valsartan group versus Sac/Val group at 24 weeks after AF ablation.
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treatment was discontinued afterwards. Other side effects,
which include vertigo, asthenia, cutaneous allergy and gastro-
intestinal disorder, were not reported in any of the
participants.

Discussion

In this study, we demonstrated that Sac/Val treatment, but
not valsartan, reduced left and right atrial diameter and vol-
ume index in RFCA-treated AF patients. To the best of our
knowledge, this is the first study that showed Sac/Val was su-
perior to valsartan in reversing atrial structural remodelling in
AF patients receiving RFCA. This indicated additional clinical
benefits of the dual-acting ARB and neprilysin inhibitor in
the treatment of AF.

The upstream pharmacotherapies for AF aim to reverse or
arrest the maladaptive pathophysiological processes that
lead to atrial remodelling,18,19 which are believed to be ben-
eficial for reducing the onset or recurrence of AF. The most
widely accepted upstream pharmacotherapies so far are
RAAS inhibitors, mainly ACEIs and ARBs. While increasing ev-
idence have reported the consistent reduction in new-onset
AF with RAAS inhibitors,20,21 the role in the prevention of
AF recurrence turns out to be much less impressive. Although
some small prospective studies demonstrate that treatment
with ACEIs along22 or in combination with amiodarone23 re-
sult in a statistically significant reduction in the recurrence
of AF, the large prospective GISSI-AF clinical trial suggests
that treatment with valsartan is not associated with a reduc-
tion in the incidence of recurrent AF or the reversal of left
atrial remodelling.24,25 This is consistent with the findings in
our study, suggesting the urgent need of novel agents in
the upstream pharmacotherapies for AF.

The superior effect of Sac/Val to ACEIs or ARBs on cardiac
remodelling has been demonstrated in patients with various
cardiovascular diseases. AF patients who had received
Sac/Val treatment exhibited better left atrial function than
those with valsartan, as evidenced by the increased LA peak
systolic strain, left atrial appendage (LAA) emptying flow
velocity and LAA ejection fraction.15 In patients with hyper-
tension, Sac/Val treatment resulted in a greater reduction
LV mass index, an indicator for ventricular hypertrophy and
remodelling, as compared with olmesartan.26 This was in part
attributable to the greater reduction in blood pressure. In

patients with HFrEF, greater reductions were observed with
Sac/Val (compared with enalapril) in left atrial volume
index, left ventricular end-systolic and end-diastolic volume
indexes.27 These findings are in line with our data that
Sac/Val is superior to ARB in attenuating cardiac remodelling,
although in different cardiovascular settings.

To uncover the underlying molecular mechanisms by
which Sac/Val regulates atrial remodelling is not feasible
in clinical studies due to technical limit, but several animal
studies have provided some hints. In a rabbit rapid atrial
pacing model, Li et. al, demonstrated that Sac/Val alleviates
atrial electrical remodelling as evidenced by reduced AF in-
ducibility and restoration of atrial effective refractory pe-
riod (AERP), as compared with vehicle.12 This is likely due
to the attenuated calcium overload and alleviated current
density reduction of ICa�L in a calcineurin/NFAT dependent
way. More importantly, Sac/Val provides more beneficial ef-
fects than valsartan alone in attenuating atrial fibrosis and
susceptibility to AF.15,28 In both studies, Sac/Val treatment
group exhibited less distorted LA architecture, reduced de-
position of collagen, attenuated distribution and expression
of fibrotic protein markers, and decreased atrial arrhyth-
mias inducibility, compared with valsartan. This effect is
partly attributable to the inhibition of p-Smad2/3, p-p38
mitogen activated protein kinase (MAPK), and p-JNK path-
ways. Collectively, these data explain our clinical findings
that Sac/Val is superior to valsartan in attenuating atrial
remodelling.

Study limitation

A conclusion cannot be drawn whether Sac/Val results in a
greater reduction in the AF recurrence rate than valsartan. Al-
though there was a numerical decrease in the Sac/Val group,
a statistical significance was not reached. This may be due to
the small sample size or the relatively short follow-up period.
Further studies are needed to clarify the role of Sac/Val in re-
ducing AF recurrence.

In conclusion, Sac/Val administration significantly reversed
atrial remodelling of RFCA-treated AF patients, which was ab-
sent in the valsartan treatment group. This indicates addi-
tional clinical benefit of the dual-acting ARB and neprilysin in-
hibitor in the treatment of AF after RFCA. Further clinical
trials with large sample size are warranted to investigate

Table 3 Study end points at 24 weeks

Outcome Valsartan (n = 32) Sac/Val (n = 32) P value*

AF recurrence rate (%) 5/32 (15.6) 3/32 (9.4) 0.708
All-cause hospitalizations (%) 2/32 (6.3) 2/32 (6.3) >0.999
All-cause death (%) 0/32 0/32 N/A

AF, atrial fibrillation; N/A, not applicable.
*P < 0.05, valsartan group versus Sac/Val group.
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whether Sac/Val reduces the AF recurrence rate after
ablation.
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