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Abstract

Aims The angiotensin receptor–neprilysin inhibitor (ARNI), sacubitril/valsartan, confers additional protective effects com-
pared with angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers (ACEIs/ARBs) in terms of reversed left
ventricular (LV) remodelling and improves the prognosis of patients with heart failure (HF). However, few studies have exam-
ined the effects of ARNI on the left atrium. Accordingly, this study compared the effects of ARNI and ACEI/ARB on left atrial
(LA) remodelling in heart failure with reduced ejection fraction (HFrEF).
Methods and results This was a single-centre retrospective study of patients with HFrEF hospitalized at the First Affili-
ated Hospital of Dalian Medical University between 26 February 2016 and 8 July 2020. Patients were classified into
ARNI and ACEI/ARB groups and further subgroups based on the left atrial volume index (LAVI): mildly abnormal
(29 mL/m2 ≤ LAVI < 34 mL/m2), moderately abnormal (34 mL/m2 ≤ LAVI < 40 mL/m2), and severely abnormal
(LAVI ≥ 40 mL/m2). The primary endpoint was changes in LA parameters by echocardiography. The secondary endpoint
was all-cause mortality. A total of 336 patients (mean age: 64.11 ± 12.86, 30.06% female) were included. Except those
lost to follow-up, 274 HFrEF patients remained, with 144 cases in the ARNI group and 130 cases in the ACEI/ARB
group. Greater reductions from baseline were seen with ARNI in LA diameter (LAD) (P = 0.013, t-test), superior and LA
superior–inferior diameter (LASID) (P < 0.0001), LA transverse diameter (LATD) (P < 0.0001), LA volume (LAV)
(P < 0.0001), LAVI (P < 0.0001), and LA sphericity index (LASI) (P < 0.0001). Over a mean follow-up of 19.40 months,
97 patients (67.3%) in the ARNI group and 29 patients (22.3%) in the ACEI/ARB group showed LA reverse remodelling
(LARR). Kaplan–Meier analysis showed significantly lower overall mortality in the ARNI group compared with the
ACEI/ARB group (P = 0.048, log-rank test). The mildly abnormal LAVI group of ARNI patients showed a reduction in
mortality compared with ACEI/ARB patients (P = 0.044). However, no significant difference was observed for the
moderately abnormal (P = 0.571) or severely abnormal LAVI groups (P = 0.609), suggesting that early initiation of ARNI
was associated with a better prognosis.
Conclusions In this proof-of-concept study, ARNI use showed greater effects on LARR and was associated with a better prog-
nosis compared with ACEI/ARB use in HFrEF. Early initiation of ARNI in the HF disease process may produce greater benefit,
but this needs to be confirmed in future studies.

Keywords Sacubitril/valsartan; Left atrium remodelling; Heart failure; Mortality

Received: 16 April 2021; Revised: 25 September 2021; Accepted: 25 October 2021
*Correspondence to: Ying Liu and Gary Tse, Department of Cardiology, First Affiliated Hospital of Dalian Medical University, 222 Zhongshan Road, Dalian, Liaoning Province
116021, China. Tel: +18098875801. Email: yingliu.med@gmail.com; garytse86@gmail.com
†
These authors contributed equally to this article and are considered co-first authors.

Introduction

Adverse cardiac remodelling is an important mechanism lead-
ing to the occurrence and progression of chronic heart failure
(HF).1 However, this remodelling can occur not only in the left

ventricle (LV) but also in the left atrium (LA), which may have
additional impact on disease progression.2 Echocardiographic
indices of the LA have been increasingly recognized as an im-
portant part of HF assessment, particularly in patients with
HF with preserved ejection fraction (HFpEF) and atrial fibrilla-
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tion (AF).3,4 Indeed, a holistic approach with multimodality
imaging is important for risk stratification and optimizing pa-
tient management.5–7

Sustained activation of renin angiotensin aldosterone sys-
tem (RAAS) is involved in the pathophysiology of HF and
has led to the introduction of drugs inhibiting key compo-
nents of the RAAS.8–10 Both angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs)
have been proven to effectively reduce vascular and LV re-
modelling and decrease LV hypertrophy.11,12 Recently, a
new class termed angiotensin receptor–neprilysin inhibitor
(ARNI) has been developed to simultaneously block the RAAS
system and augment the natriuretic peptide system.13,14 To
date, sacubitril/valsartan is the first ARNI indicated for pa-
tients with HF and has shown promising efficacy in reversing
LV dysfunction, reducing HF-related hospitalizations and car-
diac mortality without significant side effects.15–17 Although
sacubitril/valsartan has shown good superiority in reversing
LV remodelling, there are relatively fewer studies looking at
its effects on LA. This study therefore compared the effects
of ARNI and ACEI/ARB on LA remodelling.

Methods

Study cohort

All procedures were conducted in accordance with the Dec-
laration of Helsinki, and the study was approved by the Insti-
tutional Review Board of Dalian Medical University. The
need for informed consent was waived by the committee
owing to the retrospective and observational nature. This
was a single-centre retrospective observational study of con-
secutive patients with heart failure with reduced ejection
fraction (HFrEF) who were hospitalized for acute decompen-
sated HF at the First Affiliated Hospital of Dalian Medical
University between 26 February 2016 and 8 July 2020. De-
compensated HF was defined the presentation with signs
and symptoms of HF and worsening HF that required intra-
venous treatment and hospital admission. Additional inclu-
sion criteria were left ventricular ejection fraction
(LVEF) < 40%, patients who are 18 years or older, and expo-
sure to either ARNI or ACEI/ARB was at least 3 months.
More patients received ACEI/ARB than ARNI over the same
period of recruitment. To reduce the impact of confounding,
1:1 matching between ARNI and ACEI/ARB users was per-
formed based on age, sex, AF, and LVEF. For age and LVEF,
a difference less than 3% was considered acceptable. The
cohort was subdivided further by left atrial volume index
(LAVI): mildly abnormal (29 mL/m2 ≤ LAVI < 34 mL/m2),
moderately abnormal (34 mL/m2 ≤ LAVI < 40 mL/m2), and
severely abnormal (LAVI ≥ 40 mL/m2) groups.

Clinical data

Patients’ demographics, comorbidities, biomarker assess-
ment, arrhythmias, and drug therapies were collected and re-
corded. The laboratory indicators were measured on
admission, which required to fast more than 8 h before ve-
nous blood collection. All subjects underwent dynamic elec-
trocardiography to record the occurrence of various
arrhythmias before discharge.

Echocardiographic data

Three novel indices of LA remodelling were examined:

1 LAVI: the European Association of Echocardiography rec-
ommended the use of the LAVI as a marker of LA size, with
LAVI correlating with other echocardiographic indices of
LV diastolic function.18

2 Left atrial sphericity index (LASI), defined as the ratio be-
tween the transverse and longitudinal diameters of the
LA, is another novel index for evaluating left atrial remod-
elling and may be altered earlier in the disease process
than LAVI.19

3 Left atrial reverse remodelling (LARR), defined as a reduc-
tion >15% in the left atrium end-systolic volume
(LAESV).20

Other echocardiographic parameters were also recorded,
such as LA diameter (LAD), LA superior–inferior diameter
(LASID), LA transverse diameter (LATD), mitral Doppler early
velocity/mitral annular early velocity (E/e0), LVEF, and left
ventricular end-diastolic dimension (LVEDD).

Follow-up and study endpoints

As per local practice, all patients hospitalized for HF were of-
fered to attend an outpatient clinic for follow-up after dis-
charge from the hospital for HF. Those who did not attend
in person were interviewed over the telephone annually.
The primary endpoint was the follow-up echocardiographic
data (outpatient or inpatient). Notably, the vast majority of
echocardiographic findings on follow-up were obtained dur-
ing episodes of HF decompensation. Follow-up data were ob-
tained in the outpatient setting only for 13 patients. The
secondary endpoint was all-cause mortality, with follow-up
of 31 December 2020 or the endpoint, whichever was earlier.

Statistical analysis

Statistical analysis was performed using Statistical Package
for Social Sciences, Version 24.0 (SPSS Inc., Chicago, IL). Cate-
gorical data were expressed as percentages (%), and
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chi-squared test was used for comparison between the
groups. Continuous data with non-normal distributions were
expressed as median (interquartile range), and the Kruskal–
Wallis test was used. Continuous variables with normal distri-
butions were expressed as mean ± standard deviation, and
Student’s t-test was used for between-group comparison.
Kaplan–Meier analysis was performed to calculate the cumu-
lative incidence of all-cause mortality, with comparisons be-
tween groups made using the long-rank test. All values
were two-tailed, and a P-value < 0.05 was considered statis-
tically significant.

Results

A flow diagram of inclusion and exclusion of subjects is
shown in Figure 1. Over the recruitment period, more pa-
tients received ACEIs/ARBs (n = 564) than ARNI (n = 168).
To reduce the imbalances between the groups and reduce
confounding, ACEIs/ARBs users were matched to users of
ARNI in a 1:1 ratio for age, sex, AF, and LVEF, yielding 168
HFrEF cases in each group. The cohort had a mean age of
64.1 ± 12.9 years old and 30.1% were female. At baseline,
most of the clinical, laboratory, and echocardiographic find-
ings were not significantly different between both groups
(Table 1). Patients who were lost to follow-up were then fur-

ther excluded. Subsequently, 274 HFrEF patients remained
(ARNI group: n = 144; ACEI/ARB group: n = 130).

Echocardiographic data and mortality on follow-
up

At follow-up, patients in the ARNI group had higher B-type
natriuretic peptide (BNP) levels than those in the ACEI/ARB
group, whereas other tests such as high-sensitivity troponin,
lipids, and glycaemic tests were similar between both groups
(Table 2). Differences in the following echocardiographic pa-
rameters between baseline and follow-up were calculated
and compared between the ARNI (n = 144) and ACEI/ARB
groups (n = 130): LAD (ARNI group: from 44.97 ± 5.75 to
44.18 ± 6.30 mm vs. ACEI/ARB group: from 46.04 ± 5.89 to
46.37 ± 7.90 mm, P = 0.013), LASID (ARNI group: from
48.47 ± 6.14 to 44.93 ± 6.28 mm vs. ACEI/ARB group: from
48.23 ± 6.17 to 48.03 ± 7.11 mm, P < 0.0001), LATD (ARNI
group: from 62.45 ± 8.17 to 53.10 ± 8.78 mm vs. ACEI/ARB
group: from 62.71 ± 8.49 to 62.82 ± 9.09 mm, P < 0.0001),
LA volume (LAV) (ARNI group: from 73.85 ± 27.41 to
57.15 ± 22.33 mm vs. ACEI/ARB group: from 75.57 ± 26.76
to 77.41 ± 34.25 mm, P < 0.0001), LAVI (ARNI group: from
40.19 ± 15.18 to 31.32 ± 13.18 mm vs. ACEI/ARB group: from
41.27 ± 14.80 to 42.27 ± 18.83 mm, P < 0.0001), LASI (ARNI
group: from 1.29 ± 0.083 to 1.19 ± 0.15 vs. ACEI/ARB group:
from 1.30 ± 0.115 to 1.31 ± 0.09, P < 0.0001), E/e0 (ARNI

Figure 1 Flowchart of the study protocol.
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group: from 14.67 ± 6.14 to 14.67 ± 7.20 vs. ACEI/ARB group:
from 15.69 ± 6.05 to 13.95 ± 5.67, P = 0.426), LVEF (ARNI
group: from 30.02 ± 8.09 to 36.26 ± 11.72 vs. ACEI/ARB
group: from 30.18 ± 8.92 to 32.48 ± 10.83, P = 0.006), and
LVEDD (ARNI group: from 61.64 ± 9.16 to 60.42 ± 9.57 mm
vs. ACEI/ARB group: from 61.78 ± 10.46 to

60.55 ± 9.69 mm, P = 0.911) (Figure 2). Moreover, 97 patients
(67.3%) in the ARNI group and 29 patients (22.3%) in the
ACEI/ARB group showed LARR (Figure 3).

The number of patients with mortality were 17 (11.8%)
and 34 (26.2%) for the ARNI and ACEI/ARB groups, respec-
tively. Kaplan–Meier analysis showed that mortality in the

Table 1 Baseline characteristics of the study cohort of patients with heart failure with reduced ejection fraction, stratified by angiotensin
receptor–neprilysin inhibitor (ARNI) and angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker (ACEI/ARB) groups

Variables ARNI group (n = 168) ACEI/ARB group (n = 168) P-value

Age (years) 62.19 ± 13.85 64.11 ± 12.88 0.190
Female (n, %) 52 (31.0) 49 (29.2) 0.721
Systolic blood pressure (mmHg) 128.27 ± 32.67 127.36 ± 20.25 0.757
Diastolic blood pressure (mmHg) 79.76 ± 14.40 80.13 ± 16.41 0.824
Heart rate (b.p.m.) 83.25 ± 21.64 82.08 ± 19.66 0.631
QRS duration (ms) 117.67 ± 38.77 116.15 ± 31.09 0.735
QTc interval (ms) 470.02 ± 72.88 479.18 ± 42.45 0.226
BSA (kg/m2) 1.85 ± 0.18 1.84 ± 0.20 0.815
NYHA class

III (n, %) 101 (60.1) 99 (58.9) 0.824
IV (n, %) 52 (31.0) 62 (36.9) 0.249

Hypertension (n, %) 99 (58.9) 80 (47.6) 0.038
Diabetes mellitus (n, %) 61 (36.3) 63 (37.5) 0.821
Coronary heart disease (n, %) 79 (47.0) 80 (47.6) 0.913
Atrial fibrillation (n, %) 54 (32.1) 50 (29.8) 0.637
Dilated cardiomyopathy 55 (32.7) 58 (34.5) 0.729
Laboratory values

BNP (pg/mL) 1019 (470, 2052) 928 (399, 2096) 0.551
hs-TnI (μg/L) 0.06 (0.02, 0.15) 0.04 (0.02, 0.09) 0.021
Glucose (mmol/L) 5.61 (4.78, 7.91) 5.44 (4.80, 7.27) 0.579
Cholesterol (mmol/L) 4.33 ± 1.25 4.28 ± 1.23 0.702
Triglyceride (mmol/L) 1.27 (0.92, 1.72) 1.16 (0.86, 1.51) 0.262
LDL-C (mmol/L) 2.31 (1.75, 3.00) 2.37 (1.83, 2.95) 0.823
HDL-C (mmol/L) 0.98 (0.76, 1.16) 1.02 (0.81, 1.16) 0.574
Urea (mmol/L) 8.55 (6.51, 11.66) 8.33 (6.21, 11.21) 0.743
Creatinine (mmol/L) 94 (79, 116) 93 (72, 108) 0.701
Uric acid (mmol/L) 533.69 ± 167.15 515.30 ± 173.97 0.325
Sodium (mmol/L) 139.61 ± 10.56 141.43 ± 4.20 0.400
Potassium (mmol/L) 4.00 ± 0.59 4.03 ± 0.54 0.641

Echocardiography findings
LVEF (%) 30.49 ± 7.88 30.02 ± 8.37 0.470
LVEDD (mm) 61.39 ± 9.13 62.49 ± 10.33 0.311
E/e0 14.73 ± 5.90 15.48 ± 5.77 0.263
Interventricular septal thickness (mm) 10.34 ± 2.09 10.12 ± 1.96 0.330
Left ventricular wall thickness (mm) 9.72 ± 1.36 9.83 ± 1.46 0.510
EDT 165.29 ± 49.47 153.24 ± 47.34 0.026
LAD (mm) 44.73 ± 5.82 45.84 ± 5.71 0.078
LASID (mm) 48.29 ± 6.14 48.18 ± 6.03 0.869
LATD (mm) 62.16 ± 8.09 62.59 ± 8.46 0.645
LAV (mL) 72.76 ± 27.16 77.05 ± 33.34 0.216
LAVI (mL/m2) 39.55 ± 15.15 40.99 ± 14.53 0.390
LASI 1.29 ± 0.08 1.30 ± 0.11 0.254

Treatments
Beta-blockers (n, %) 154 (91.6) 133 (79.1) 0.001
Calcium channel blocker (n, %) 13 (7.7) 37 (22.0) <0.0001
Spironolactone (n, %) 147 (87.5) 149 (88.6) 0.736
Digoxin (n, %) 31 (18.4) 61 (36.3) <0.0001
Loop diuretics (n, %) 147 (87.5) 140 (83.3) 0.279

Subgroup analysis
Mildly abnormal LAVI (n, %) 26 (15.5) 25 (14.9) 0.879
Moderately abnormal LAVI (n, %) 32 (19.0) 28 (16.7) 0.569
Severely abnormal LAVI (n, %) 68 (40.5) 68 (40.5) 1.000

Abbreviations: BNP, B-type natriuretic peptide; BSA, body surface area; E/e0, mitral Doppler early velocity/mitral annular early velocity; EDT,
E peak deceleration time; HDL-C, high-density lipoprotein cholesterol; hs-TNI, high-sensitivity troponin I; LAD, left atrium diameter; LASI,
left atrial sphericity index; LASID, superior and inferior diameter of left atrium; LATD, transverse diameter of left atrium; LAV, left atrial
volume; LAVI, left atrial volume index; LDL-C, low-density lipoprotein cholesterol; LVEDD, left ventricular end-diastolic dimension; LVEF,
left ventricular ejection fraction; NYHA, New York Heart Association.
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Table 2 Follow-up results for clinical, laboratory, and echocardiographic details

Variables ARNI group (n = 144) ACEI/ARB group (n = 130) P-value

Systolic blood pressure (mmHg) 118.6 ± 27.5 121.7 ± 23.4 0.435
Diastolic blood pressure (mmHg) 73.0 ± 14.7 75.3 ± 12.8 0.305
Heart rate (b.p.m.) 82.6 ± 23.1 79.6 ± 23.2 0.425
QRS duration (ms) 116.6 ± 35.1 121.2 ± 37.5 0.450
QTc interval (ms) 436.6 ± 141.6 472.6 ± 72.5 0.029
BSA (kg/m2) 1.84 ± 0.18 1.84 ± 0.19 0.745
Laboratory values

BNP (pg/mL) 1396 (507, 3723) 995 (406, 1820) 0.029
hs-TnI (μg/L) 0.06 (0.03, 0.14) 0.04 (0.02, 0.14) 0.183
Creatinine (mmol/L) 102 (87, 137) 98 (75, 125) 0.075
Uric acid (mmol/L) 537.01 ± 165.81 543.79 ± 201.06 0.790
Serum potassium (mmol/L) 4.21 ± 0.71 4.13 ± 0.70 0.360

Echocardiography findings
LVEF (%) 36.26 ± 11.72 32.48 ± 10.83 0.006
LVEDD (mm) 60.42 ± 9.57 60.55 ± 9.69 0.911
E/e0 14.67 ± 7.20 13.95 ± 5.67 0.426
Interventricular septal thickness (mm) 10.00 ± 1.87 10.05 ± 1.93 0.867
Left ventricular wall thickness (mm) 9.65 ± 1.39 9.48 ± 1.49 0.331
LAD (mm) 44.18 ± 6.30 46.37 ± 7.90 0.013
LASID (mm) 44.93 ± 6.28 48.03 ± 7.11 <0.0001
LATD (mm) 53.10 ± 8.78 62.82 ± 9.09 <0.0001
LAV (mL) 57.15 ± 22.33 77.41 ± 34.25 <0.0001
LAVI (mL/m2) 31.32 ± 13.18 42.27 ± 18.83 <0.0001
LASI 1.19 ± 0.15 1.31 ± 0.09 <0.0001

Abbreviations: BNP, B-type natriuretic peptide; BSA, body surface area; E/e0, mitral Doppler early velocity/mitral annular early velocity; hs-
TnI, high-sensitivity troponin I; LAD, left atrium diameter; LASI, left atrial sphericity index; LASID, superior and inferior diameter of left
atrium; LATD, transverse diameter of left atrium; LAV, left atrial volume; LAVI, left atrial volume index; LVEDD, left ventricular
end-diastolic dimension; LVEF, left ventricular ejection fraction.

Figure 2 Changes in echocardiographic parameters between baseline and follow-up for the ARNI and ACEI/ARB groups.
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ARNI group was significantly lower than that of the ACEI/ARB
group (Figure 4).

Subgroup analysis

In a subgroup analysis, the number of patients (percentage)
in the normal, mildly abnormal, moderately abnormal, and
severely abnormal groups of LAVI were 31 (21.5), 23 (16.0),
27 (18.8), 63 (43.7) for the ARNI group and 25 (19.2), 22
(16.9), 22 (16.9), 61 (47.0) for the ACEI/ARB group, at base-
line, respectively. On follow-up, these were 75 (52.1), 23
(16.0), 17 (11.8), 29 (20.1) for the ARNI group and 34
(26.2), 14 (10.8), 30 (23.1), 52 (40) for the ACEI/ARB group
(Figure 5). Therefore, ARNI users have greater reductions in
LAVs compared with ACEI/ARB users with HFrEF. Further-
more, the risk of all-cause mortality was reduced in the mildly
abnormal LAVI group (left panel, Figure 6; P = 0.044, log-rank
test), but not in the moderately abnormal (middle panel,

Figure 3 Left atrial reverse remodelling in the ARNI and ACEI/ARB groups.

Figure 4 Mortality outcome stratified by ARNI or ACEI/ARB use.

Figure 5 Changes in LAVI between baseline and follow-up for the ARNI and ACEI/ARB groups.
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Figure 6; P = 0.571) or severely abnormal LAVI groups (right
panel, Figure 6; P = 0.609). This suggests that early initiation
of ARNI can have a benefit on all-cause mortality.

Because LARR was defined as a reduction >15% in the
LAESV, we stratified the cohort based on LAESV: reduction
>15% group vs. reduction ≤15% group. The results indicated
that a reduction ≤15% group tended to show a higher
all-cause mortality although no statistical difference was
reached [hazard ratio (HR) 1.683, 95% confidence interval
(CI), 0.932–3.037, P = 0.084]. There was no significant differ-
ence after adjusting for age, gender, ejection fraction, and
BNP (HR 1.727, 95% CI, 0.854–3.492, P = 0.129).

Discussion

The main findings of this study are that (i) the ARNI sacubitril/
valsartan produced more significant benefits in terms of re-
versing remodelling of LA and LV, improving cardiac function,
and reducing mortality than ACEI/ARB. (ii) Early initiation of
sacubitril/valsartan may provide more benefit for HF
patients.

The PARADIGM-HF trial demonstrated that sacubitril/val-
sartan was superior to enalapril in patients with HFrEF, with
significant benefit on reducing the risk of cardiovascular
death or first hospitalization with HF by 20%.21 In our study,
patients in the ARNI group showed greater reduction in LV
size and had lower mortality compared with those in the
ACEI/ARB group. In addition, we found that the difference
of mortality between the two groups became more signifi-
cant with the prolongation of follow-up.

Recently, there has been increasing recognition of the im-
portance of evaluating the LA before clinical decision making
in HF patients. Left atrial remodelling is a time-dependent
response of cardiac myocytes to varying stressors with the
expression of structural remodelling, functional remodelling,
and electrical remodelling.22 In 2020, the term atrial failure

was proposed as a clinically relevant entity, defined as any
atrial dysfunction causing impaired heart performance, symp-
toms, and worsening quality of life or life expectancy, placing
a spotlight on the LA.23 The LAVI, which reflects the degree of
change in LV filling pressure and atrial structural remodelling,
is a powerful predictor of prognosis in HF.24–26 The results of
the EVALUATE-HF trial27 revealed that greater decreases
from baseline in LAVI were seen among HFrEF patients
assigned to sacubitril/valsartan compared with those
assigned to enalapril. The PROVE-HF28 showed that following
initiation and titration of sacubitril/valsartan, cross-sectional
improvement in cardiac remodelling parameters was seen
in those with and without diabetes mellitus. They also found
that, in addition to LVEF improvement, patients with diabetes
mellitus showed improved LAVI and diastolic function. In our
study, we found that indications for evaluating left atrial vol-
ume such as LAD, LASID, LATD, LAV, LAVI, and LASI were sig-
nificantly decreased after the treatment of sacubitril/
valsartan compared with ACEI/ARB. LARR is another impor-
tant metric of LA reverse remodelling. A prospective study re-
ported a significant increase in left ventricular reverse
remodelling (LVRR, an increase in the LVEF ≥ 10 points asso-
ciated with a decrease ≥10% in indexed LV end-diastolic di-
ameter) and LARR during treatment with sacubitril//
valsartan. Castrichini et al. analysed 77 HFrEF patients and
found that, after a median follow-up of 9 months following
initiating sacubitril/valsartan, LVRR was detected in 20 pa-
tients (26%) and LARR in 33 patients (43%). In our research,
the results also revealed that the extent of LARR was to dif-
ferent extents for ARNI and ACEI/ARB patients, with ARNI be-
ing a more effective agent.

The mechanisms of LARR are likely multifactorial. Animal
experiments have found that sacubitril/valsartan can reduce
interstitial fibrosis and the elevation of left atrial pressure,
decrease myolysis, contractile protein loss, and left atrial dys-
function, and shorten the duration of AF, which may partially
explain why ARNI can effectively reverse left atrial
remodelling.29

Figure 6 Mortality between the subgroups of left atrial volume index (LAVI): the mildly abnormal group (A), moderately abnormal group (B), and se-
verely abnormal group (C).
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Limitations

Several limitations of this study should be noted. Firstly, con-
sidering the single-centre nature of our study with relatively
few subjects, the findings may not be generalizable to other
settings and a larger multi-centre clinical study is needed.
Secondly, the indicators of assessing LA remodelling were
mainly obtained from 2D echocardiography, and data on 3D
echocardiography and cardiac magnetic resonance that can
be more precisely characterize the myocardial tissue were
only available in a small number of patients. Thirdly, most
of the follow-up were obtained during rehospitalization for
worsening HF, with a smaller number of patients at the out-
patient clinics. Fourthly, nearly half of HF patients received
sacubitril/valsartan at a dose of 50 mg twice daily, with only
~20% taking more than 100 mg twice daily. In clinical practice
of Asian populations, few patients could reach the recom-
mended target dose of 200 mg twice daily when taking ARNI.
Lastly, new-onset AF was not examined in this study, but a
longer and more detailed study would permit arrhythmic
endpoints to be explored in the future.

Conclusions

In this proof-of-concept study, we found that the ARNI sacu-
bitril/valsartan provided greater effects on LARR and progno-

sis compared with ACEI/ARB in HFrEF. Early initiation of ARNI
in the HF disease process may produce greater benefit, but
this needs to be confirmed in future studies.
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