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Objective: There is increasing evidence supporting the efficacy of
sacubitril/valsartan for treating left heart failure, but few studies have
investigated its effects on right ventricular (RV) dysfunction. This study
aimed to explore the effects of sacubitril/valsartan on RV dysfunction
among patients with heart failure with reduced ejection fraction (HFrEF).

Methods: A total of 93 patients with HFrEF with RV dysfunction
who were hospitalized from January 2018 through June 2019 were
included in this retrospective observational study. All patients
received their first sacubitril/valsartan treatment as in patients during
the study period. We excluded 11 patients who were lost to follow-
up or had incomplete heart echocardiography data. After 6 months of
follow-up, we re-evaluated New York Heart Association Functional
Classification and performed echocardiography to identify changes
in relevant variables after treatment.

Results: At baseline, 24% of the patients had an initial sacubitril/
valsartan regimen of 12/13 mg twice daily and 76% of the patients had an
initial dose of 24/26 mg twice daily. During follow-up, 27% of patients
increased their dosage to 49/50 mg twice daily, 68% of patients were
taking 24/26 mg twice daily, and 5% of the patients were still taking 12/
13 mg twice daily. We found that sacubitril/valsartan treatment was

associated with significant improvements in the following RV function
indicators: tricuspid annular plane systolic excursion, tricuspid annular s0

peak velocity (S0), RV fractional area change, and pulmonary artery
systolic pressure (PASP). Crude linear regression analysis revealed that
a tricuspid annular plane systolic excursion improvement was positively
correlated with a change in left ventricular ejection fraction (LVEF) and
negatively correlated with a change in left ventricular end-systolic volume
(LVESV). However, these correlations were nonexistent after adjusting
for multiple echocardiographic variables.

Conclusions: In patients with RV dysfunction and HFrEF,
sacubitril/valsartan may improve RV remodeling. This influence
may be independent of left cardiac remodeling.
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INTRODUCTION
Sacubitril/valsartan, an angiotensin receptor–

neprilysin inhibitor, has attracted considerable attention
in heart failure (HF) therapeutics. Aside from inhibiting the
renin–angiotensin–aldosterone system, it can also increase
the concentration of neprilysin to exert positive effects on
human metabolism, diuresis, natriuresis, and vasodilation.1

Many large multicenter randomized studies have demon-
strated the superiority and substitutability of this drug in
the treatment of HF with reduced ejection fraction
(HFrEF). For patients with HFrEF, compared with
angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin receptor blockers (ARBs), sacubitril/valsartan
can clearly decrease the risk of cardiovascular death and
all-cause death, reduce rehospitalization rates, reverse
cardiac remodeling, and improve quality of life.2–6

Right ventricular (RV) dysfunction frequently occurs
secondary to decompensation of left cardiac function. Reduced
RV ejection has been associated with decreased survival among
patients with chronic HF and an increased risk of HF rehospi-
talization.7,8 Unfortunately, there remains a lack of clear evidence
of the benefits of a specific treatment for RV dysfunction.

Despite a wealth of high-quality evidence regarding the
advantages of sacubitril/valsartan for left heart remodeling,
data on the effects of sacubitril/valsartan on RV function are
still lacking. Thus, we aimed to explore the feasibility and
effects of sacubitril/valsartan for treating right heart insuffi-
ciency in patients with HFrEF.

Received for publication August 17, 2021; accepted September 25, 2021.
From the *Department of Cardiology, Key Laboratory of Cardiovascular

Intervention and Regenerative Medicine of Zhejiang Province, Sir Run
Run Shaw Hospital, Zhejiang University School of Medicine, Hangzhou,
China; †Department of Cardiology, HwaMei Hospital, University of the
Chinese Academy of Sciences, Ningbo Cardiovascular Center, Ningbo,
China; and ‡Shaoxing University School of Medicine, Shaoxing, China.

Supported by Medical Health Science and Technology program of Zhejiang
Province (2018KY492 and 2020KY165), Clinical research fund project
of Zhejiang Medical Association (2018ZYC-A13), and Natural Science
Foundation of Zhejiang Province (LY21H020006).

The authors report no conflicts of interest.
Y. Yang and C. Shen authors contributed to the work equally and should be

regarded as cofirst authors. Y. Yang, C. Shen, J. Lu, and C. Xiong designed
the study and drafted the manuscript. Y. Yang and G. Fu participated in
revising the manuscript. All authors approved the final manuscript.

Correspondence: Ying Yang, MD, Department of Cardiology, Sir Run Run
Shaw Hospital, College of Medicine, Zhejiang University, No. 3 Qingchun
East Rd, Hangzhou, Zhejiang 310016, China (e-mail: yylong@zju.edu.cn).

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.
0 (CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in any
way or used commercially without permission from the journal.

J Cardiovasc Pharmacol� � Volume 79, Number 2, February 2022 www.jcvp.org | 177

mailto:yylong@zju.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


METHODS

Population and Procedures
In this single-center, retrospective observational study, the

data of all consecutive patients with HFrEF who were prescribed
sacubitril/valsartan between January 2018 and June 2019 were
retrieved from a computerized clinical management database.
The specific inclusion criteria were as follows: (1) age .18
years, (2) clinical symptoms consistent with New York Heart
Association (NYHA) class II–IV, (3) sacubitril/valsartan was
first used after a diagnosis of cardiac insufficiency, and (4)
complete standard Doppler echocardiographic evaluation data,
with a left ventricular ejection fraction (LVEF) #40% and fea-
ture of RV dysfunction with tricuspid annular plane systolic
excursion (TAPSE) #17 mm. We excluded 8 patients without
available quantitative right ventricular assessment data during
follow-up after sacubitril/valsartan initiation, 10 patients who
were not followed up in the outpatient clinic within 6 months
from discharge, and 1 patient who died before sufficient follow-
up data were collected. Finally, 82 patients were included in the
analysis. This study was approved by the study hospital’s
Ethical Review Board (Sir Run Run Shaw Hospital, Zhejiang
University, China).

Drug Administration
Considering that all patients with HF had been depending

on ACEI or ARB therapy if with no contraindications and that
there were various medication and dosage options, the initial
sacubitril/valsartan dosages were determined by attending
physicians based on each patient’s previous medication regimen,
clinical symptoms, and blood pressure at baseline. To reduce the
risk of angioedema, patients were required to stop taking ACEIs
or ARBs at least 36 hours before initiating sacubitril/valsartan
therapy. During follow-up, we assessed blood pressure, weight,
kidney function, and clinical complaints every 2–4 weeks. If a
patient tolerated the initial dosage, the dosage was titrated up in a
stepwise fashion until reaching the maximum tolerated dose
of sacubitril/valsartan. If there was increased blood potassium
concentration (.5.5 mmol/L), abnormal renal function
[creatinine .221 mmol/L or estimated glomerular filtration rate
(eGFR) ,30 mL/min/1.73 m2], symptomatic hypotension, or
symptoms of dizziness during treatment, the dosage was reduced
and the patient kept under close observation. Severe adverse
effects were grounds for discontinuing sacubitril/valsartan
administration.

Data Collection
Standard transthoracic 2-dimensional echocardiography

and Doppler examinations were used for capturing cardiac
function indicators. The conventional indicators to assess the
RV systolic function include TAPSE, right ventricular
fractional area change (RVFAC), and tricuspid annular s0
peak velocity (S0). TAPSE was measured as the peak excur-
sion at the lateral aspect of the tricuspid annulus from the
apical 4-chamber view, based on achieving proper orientation
for M-mode echocardiography. RVFAC was calculated as the
fractional change between RV end diastole and end systole
from the apical 4-chamber view. S0 was calculated using
pulsed tissue Doppler. According to the consensus document

of the international ultrasonographic standard, patients were
regarded as having right heart dysfunction if they presented
with one or more of the following criteria9: (1) RVFAC
#35%, (2) TAPSE #17 mm, and (3) S0 #9.5 cm/s.
Pulmonary artery systolic pressure (PASP) was determined
using an estimated right atrial pressure (estimated by assess-
ing the diameter and collapsibility of the inferior vena cava)
and combining this value with the systolic pressure gradient
between the right atrium and ventricle, reflecting the maxi-
mum velocity of tricuspid regurgitation. Tricuspid regurgita-
tion velocity was determined by continuous wave Doppler
through the tricuspid valve. Left cardiac function indicators
were measured using M-mode. All left echocardiograms were
completed as the standard of care. All echocardiographic var-
iables were measured twice, and trained technicians docu-
mented the mean value of each variable before a patient
started taking sacubitril/valsartan and after 6 months treat-
ment of sacubitril/valsartan.

For all patients, collected and analyzed data consisted
of sociodemographic characteristics (age and sex), clinical
and anthropometric characteristics (systolic blood pressure,
diastolic blood pressure, heart rate, and body mass index),
disease history, medical history, NYHA classification, and
biochemical indicators. Baseline N-terminal pro–B-type natri-
uretic peptide and eGFR were measured to assess cardiac and
kidney function.

Statistical Analysis
Continuous variables are presented as mean 6 SD or

median and interquartile range, according to the normality of
the distribution. Categorical variables are summarized as fre-
quencies and percentages. Considering the potential bias that
exists in the measurement of indicators, we used Bonferroni’s
correction, a repeated measures analysis of variance to reduce
the differences between mean data over time.

In the subgroup analysis, paired-samples t tests or
Wilcoxon rank tests were performed to compare values over
time. “D” represents the difference between the pretreatment
value and post-treatment value for a continuous variable.
Multiple linear regression was performed to evaluate the corre-
lation between DTAPSE and investigated variables. Two-tailed
P values ,0.05 were considered statistically significant. All
statistical analyses were performed using SPSS Statistics for
Windows, version 25.0 (IBM Corp, Armonk, NY).

RESULTS

Baseline Characteristics
Table 1 summarizes the baseline characteristics of the

patients who met the study’s inclusion criteria. At baseline,
the mean age of the 82 included patients was 59.4 6 11.9
years. 74.1% of study patients were men. 21.9%, 51.3%, and
26.8% of the patients were classified as NYHA class IV, III,
and II, respectively. In our cohort, hypertension was noted in
25.6%, diabetes in 17%, coronary artery disease in 20.7%,
myocardial infarction (MI) in 9.7%, and atrial fibrillation in
35.3% of patients. All patients had taken ACEIs, ARB, or
beta blockers selected to the study.
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Dose Titration of Sacubitril/Valsartan
Figure 1 shows the longitudinal changes of sacubitril/

valsartan dosage from baseline and through follow-up.
Initially, 20 patients (24%) were taking 12/13 mg twice daily,
and 62 patients (76%) were taking 24/26 mg twice daily. The
titration dose of sacubitril/valsartan was gradually increased
during follow-up. After 6 months, 22 patients (27%) were
taking 49/51 mg twice daily, 56 patients (68%) were taking
24/26 mg twice daily, whereas 4 patients (5%) continued with
12/13 mg twice daily. Some patients maintained on baseline
doses because they developed symptoms, such as hypoten-
sion or dizziness, after dose titration. None of the patients
developed drug-induced hyperkalemia or deterioration of
renal function during follow-up.

Echocardiographic Changes
Table 2 summarizes the echocardiographic changes

from baseline through follow-up after sacubitril/valsartan ini-
tiation. After 6 months drug treatment, we found significant
improvements in indicators of left cardiac function, including
LVEF (30.2 6 5.5 vs. 37.0 6 10.0, P , 0.001), left ventric-
ular end-systolic volume (LVESV; 164.1 6 54.4 vs. 145.4 6
61.4, P = 0.017), left ventricular end-diastolic volume
(247.4 6 64.1 vs. 236.4 6 80.9, P = 0.018), and left atrial

volume index (LAVI) (36.2 6 3.9 vs. 33.7 6 3.1, P = 0.003).
Simultaneously, the measurements of RV function also sig-
nificantly improved, specifically TAPSE (13.7 6 2.3 vs.
16.0 6 4.3, P , 0.001), RVFAC (30.3 6 11.7 vs. 42.7 6
15.2, P , 0.001), S0 (9.0 6 2.0 vs. 9.8 6 2.5, P , 0.001),
and PASP (49.9 6 19.3 vs. 42.7 6 15.2, P = 0.002).

Table 3 summarizes the changes in the TAPSE between
baseline and follow-up in different subgroups to further elab-
orate the changes in RV function under different conditions.
The subgroup analyses revealed that long-term administration
of sacubitril/valsartan can significantly ameliorate previously
abnormal TAPSE, irrespective of final titration dose, NYHA
class, sex, and status of hypertension, diabetes, MI history,
severe pulmonary arterial hypertension, or cardiac resynchro-
nization implantation.

Linear Regression Analysis of DTAPSE
Table 4 shows the multiple linear models testing the

correlation of DTAPSE between baseline and follow-up with
echocardiographic and demographic variables. In model 1
(adjusted for age), DTAPSE correlated positively with
DLVEF and negatively with DLVESV. After adjustments
for multiple variables—including sex, hypertension, diabetes,
MI, and a series of echocardiographic indexes—these associ-
ations were not significant.

DISCUSSION
Our study was the first to suggest the striking effect of

sacubitril/valsartan therapy in a Chinese population with RV
dysfunction combined with HFrEF. The clinical outcome
improvements and good drug tolerance without drug
withdrawal highlight the effectiveness and safety of

FIGURE 1. Longitudinal changes of sacubitril/valsartan dos-
age at baseline and during follow-up.

TABLE 1. Baseline Demographic and Clinical Characteristics

Variable N = 82

Age, yrs 59.4 6 11.9

Male (%) 61 (74.3)

Systolic blood pressure, mm Hg 114.7 6 17.4

Diastolic blood pressure, mm Hg 70.1 6 16.1

Heart rate, b$min21 85.0 6 21.5

BMI, kg/m2 23.5 6 3.6

NYHA class

II 22 (26.8)

III 41 (51.3)

IV 19 (21.9)

Diseases history, n (%)

Hypertension 21 (25.6)

Diabetes 14 (17.0)

Coronary artery disease 17 (20.7)

MI 8 (9.7)

Atrial fibrillation 29 (35.3)

Therapeutic measure, n (%)

b-blocker 82 (100)

Diuretic 75 (91.4)

Antiplatelet therapy 17 (20.7)

Anticoagulants 26 (31.7)

CRTP/CRTD 24 (29.2)

Baseline laboratory results

eGFR, mL$min21$1.73 m2 76.1 6 23.5

NT-proBNP, pg/mL 4181.5 6 3217.8

Values are presented as mean 6 SD, number (%), or median (interquartile range).
BMI, body mass index; CRT-D, cardiac resynchronization therapy–defibrillator;

CRTP, cardiac resynchronization therapy pacemaker; NT-proBNP, N-terminal pro–B-
type natriuretic peptide.
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sacubitril/valsartan for RV dysfunction treatment and add
convincing evidence to the real-world clinical data in a
Chinese context.

The doses of sacubitril/valsartan in this study were
somewhat different from those reported in previous clinical
trials. All patients in the PARADIGM-HF trial underwent an
adaptation period to ensure that drug side effects were
tolerable at the target dose (97/103 mg twice daily), and this
was finally achieved in 74.76% of patients.2,10 Owing to the
influence of blood pressure, impaired renal function, fluctua-
tions in blood potassium levels, and irregular follow-up, the
proportions of patients receiving the target dose varied
remarkably among different subgroups of patients with HF
during the up-titration period.11,12 In a real-world study in
Germany, 64% of patients were initially prescribed 24/
26 mg of sacubitril/valsartan twice daily, 32% of patients
were prescribed 49/51 mg twice daily, and 4% of patients
were prescribed 97/103 mg twice daily. Almost two-thirds
(62%) of all patients were still taking the initial dose after 6
months from the first prescription.13 In a similar cohort in
China, only 31% of patients prescribed sacubitril/valsartan
at a maximum dose of 49/51 mg twice daily after 1-year
assessment.14 In our study, 27% of patients ultimately
achieved the dose of 49/51 mg twice daily after 6 months.
A recent research preliminarily observed that the optimally
effective and tolerated dose among Chinese patients with
HFrEF was possibly lower than that among Western
patients.14 This might be attributable to differences in genetic
and clinical characteristics and medical treatment of patients
with HFrEF between China and other areas of the world.15

Therefore, more studies are required to further investigate and
optimize dose management of sacubitril/valsartan for Chinese
patients with HF.

TAPSE is one of the major indicators reflecting RV
systolic function.16 Reduced TAPSE was associated with a
poor prognosis.17,18 Dini et al enrolled 706 patients with
chronic HFrEF to explore the association between reversible

abnormal TAPSE and survival. They found that the partici-
pants whose abnormal baseline TAPSE values were success-
fully corrected during the treatment period had better
short-term outcomes and long-term improvement in prognosis
than participants with worsened or persistently abnormal
TAPSE.19 In this study, we observed significant TAPSE
improvements during follow-up, irrespective of NYHA clas-
sification, sex, hypertension status, diabetes status, MI his-
tory, and cardiac resynchronization implantation status. In
addition, we found RVFAC, S0, and PASP were substantially
improved. These results indicated important therapeutic value
of sacubitril/valsartan for the patients with both HFrEF and
RV systolic dysfunction.

Some real-world studies have reported similar results
regarding the benefits of sacubitril/valsartan on RV function.
Masarone et al20 demonstrated substantial TAPSE improvements
after long-term sacubitril/valsartan treatment in patients with
HFrEF during 1-year follow-up, and these improvements per-
sisted after 2 years. In a previous observational cohort in Italy,
the mean TAPSE significantly increased from 7.8 6 3.9 mm at
baseline to 16.56 4.0 mm after 1-year treatment (P, 0.001).21

Our study further found that the RV benefit of using sacubitril/
valsartan was persistent at different titration doses.

TABLE 2. Changes in the Echocardiographic Parameters From
Baseline Through Follow-up

Variable Baseline 6 mo P

NYHA class 3.0 6 0.7 2.4 6 0.6 ,0.001

LVEF, % 30.2 6 5.5 37.0 6 10.0 ,0.001

LVESV, mL 164.1 6 54.4 145.4 6 61.4 0.017

LVEDV, mL 247.4 6 64.1 236.4 6 80.9 0.018

E/E0 ratio 15.5 6 6.9 15.3 6 6.4 0.725

LAVI, mL/m2 36.2 6 3.9 33.7 6 3.1 0.003

TAPSE, mm 13.7 6 2.3 16.0 6 4.3 ,0.001

RVFAC, % 30.3 6 11.7 42.7 6 15.2 ,0.001

S0, m/s 9.0 6 2.0 9.8 6 2.5 0.001

TRV, m/s 3.1 6 0.7 2.9 6 0.6 0.005

PASP, mm Hg 49.9 6 19.3 42.7 6 15.2 0.002

TAPSE/PASP 0.31 6 0.13 0.42 6 0.21 ,0.001

Values are presented as mean 6 SD. P values ,0.05 were considered statistically
significant.

E/E0 ratio, transmitral to mitral annular early diastolic velocity ratio; TRV, tricuspid
regurgitation velocity.

TABLE 3. Change in the TAPSE Between Baseline and 6 mo
Follow-up

Variable Total Baseline 6 mo P

Titration dose

49/51 mg N = 22 13.9 6 2.6 16.8 6 4.1 ,0.001

24/26 mg N = 56 13.4 6 3.3 15.8 6 4.7 0.013

12/13 mg N = 4 15.3 6 2.6 17.4 6 1.6 0.046

NYHA class

II N = 22 13.2 6 2.6 16.1 6 2.8 0.002

III N = 41 14.3 6 2.1 16.6 6 4.8 0.026

IV N = 19 13.0 6 2.1 16.7 6 4.5 0.005

Gender

Male N = 61 13.5 6 2.3 15.8 6 4.5 0.001

Female N = 21 14.2 6 2.3 16.6 6 3.7 0.035

Hypertension

Yes N = 21 14.5 6 2.3 17.1 6 4.3 0.043

No N = 61 13.4 6 2.2 15.6 6 4.2 0.001

Diabetes

Yes N = 14 14.4 6 1.8 18.0 6 3.9 0.016

No N = 68 13.5 6 2.4 15.5 6 4.2 0.001

MI

Yes N = 8 13.7 6 1.9 17.5 6 4.9 0.036

No N = 74 13.7 6 2.3 15.8 6 4.2 ,0.001

PASP .60 mm Hg

Yes N = 22 13.5 6 2.4 15.9 6 3.3 0.012

No N = 60 13.7 6 2.3 16.0 6 4.5 0.001

CRTP/CRTD

Yes N = 24 14.5 6 2.6 16.4 6 3.6 0.046

No N = 58 14.2 6 3.1 16.3 6 4.6 0.001

Values are presented as mean 6 SD. P values ,0.05 were considered statistically
significant.

CRT-D, cardiac resynchronization therapy–defibrillator; CRTP, cardiac resynchro-
nization therapy pacemaker.
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Reverse remodeling is a critical goal of HF manage-
ment. Notably, the value of sacubitril/valsartan treatment for
reversing LV remodeling in patients with HFrEF has been
confirmed in recent years.3,22,23 In our study, we found that
the degree of TAPSE improvement was closely associated
with improvements in LVEF and LVESV after adjusting for
age. This association between RV function and LV remodel-
ing was revealed to be an independent one after adjusting for
echocardiographic variables. Our results that sacubitril/valsar-
tan independently improved RV function seem to be consis-
tent with those of other small-scale studies.20,21 Our findings
suggest that the inhibitory effects of sacubitril/valsartan on
the neprilysin and renin–angiotensin–aldosterone system
activity might directly improve RV function, not just by
compensatory effects through improvements in the LV pul-
monary circulation. Clements et al24 observed that RV
function indicators significantly improved in a rat model of
pulmonary hypertension after 6 weeks of sacubitril/valsartan
treatment. Kia et al found similar effects of sacubitril/
valsartan on the inhibition of maladaptive RV remodeling
through reductions in RV pressure and hypertrophy.25 These
animal experiments implied that sacubitril/valsartan might be
appropriate for treating RV dysfunction because of other
causes except for LV dysfunction. However, more funda-
mental and clinical research is still required to further confirm
and analyze the mechanisms underlying the effects of
sacubitril/valsartan on RV function.

This study has enriched the evidence supporting
sacubitril/valsartan as a treatment option for RV dysfunction,
promoting a further understanding of the therapeutic indica-
tions of this drug for Chinese patients with HF. Our study had
some limitations. First, as a single-center, small-scale,
retrospective observational study, selection bias and residual
confounding are inherent and hinder the generalizability of
our results. Second, our study lacked a control group of
patients taking ACEI or ARB drugs, which may affect RV
remodeling. Thus, studies with larger randomized cohorts and

longer follow-up periods are required to validate our results.
Third, the affordability and medical insurance–related aspects
of sacubitril/valsartan prescriptions, which might influence
the titration of the drug, were not assessed in our study.

CONCLUSIONS
In patients with RV dysfunction and HFrEF, sacubitril/

valsartan may improve RV remodeling and dysfunction in
patients with HFrEF with RV dysfunction. This influence
may be independent of the left cardiac dysfunction.
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