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Summary

Background. There is evidence supporting the efficacy of Sacu-
bitril /Valsartan for improving left heart failure, but few studies
have examined its effects on right ventricular (RV) dysfunction.
The current study aimed to investigate the effects of Sacubitril /
Valsartan on RV dysfunction in patients with right heart failure.
Methods. The current study was a randomized and parallel clini-
cal trial study. Patients over 18 years with any degree of right
heart failure regardless of Left ventricular ejection fraction
(LVEF) were included. The included patients were assigned ran-
domly to three study arms using simple random allocation, i.e.
the intervention group (Sacubitril Valsartan recipients) and the
control groups (Losartan and Captopril recipients). The SPSS
software version 19 was used for data analysis.

Results. The changes in LVEF, RV FAC, RV diameter, DOE grade,

Introduction

During the last decade, cardiovascular diseases have
become the most important cause of death all over the
world; and at least one death out of three deaths is due
to cardiovascular diseases [1]. One of the important
cardiovascular complications in patients with heart
failure with reduced ejection fraction (HFrEF) is right
ventricular (RV) dysfunction [2]. During the treatment of
HFrEF, right heart dysfunction and improvement of its
function should be considered. This disorder is associated
with high mortality, especially in patients with congenital
heart diseases, valvular diseases, coronary artery diseases,
and patients with pulmonary hypertension [3-5].

Losartan potassium, an angiotensin Il receptor antagonist,
and captopril, an angiotensin-converting enzyme (ACE)
inhibitor, have been used in the treatment of heart failure
for many years. However, their use often has side effects
such as angioedema and hyperkalemia [6]. Sacubitril
and valsartan are combination drugs for patients with
chronic heart failure. Sacubitril causes vasodilation by
inhibiting the degradation of BNP (brain natriuretic
peptide) [7]. Valsartan prevents the contraction of blood
vessels, which reduces blood pressure and improves
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and TAPSE in the Sacubitril/Valsartan group were significantly
higher than the other two groups. The severity of RV dysfunc-
tion, as well as TR (Tricuspid Regurgitation) severity, decreased
significantly three months after the intervention compared to the
beginning of the intervention in all groups especially in the Sacu-
bitril/Valsartan group (p: 0.006). The mortality rate in the Sacu-
bitril/Valsartan, Losartan, and Captopril groups, were 2 (6.7%),
2 (11.2%), and 1 (7.7%) respectively (p: 0.83). Also, 27.6, 62.5,
and 7.7% of cases in the Sacubitril/Valsartan, Losartan, and Cap-
topril reached to optimum dose (p: 0.006).

Conclusions. Considering the results, it seems that Sacubitril/
Valsartan has a positive effect on improving RV dysfunction in
patients with right heart disorders.

blood flow. It was shown that Sacubitril/Valsartan
has positive effects in reducing mortality and hospital
admission, as well as reducing the hospital lengths
of stay in patients with heart failure [8]. Also, this
drug is related to improving the quality of life (QoL)
and reversing heart reconstruction [9]. The beneficial
effects of this drug have been described as improving
the systolic function of the right ventricle and reducing
its disorders [10, 11]. The improvement of the right
ventricular function is associated with the improvement
of the patient’s clinical outcome and the reduction of
hospitalization [12]. Studies have shown that sacubitril/
valsartan improves heart function by reducing peripheral
vascular resistance, preventing the narrowing of
arteries, and reducing cardiac load [13, 14]. Different
studies assessed the effects of Sacubitril/Valsartan in
cardiovascular patients, however, results about the
efficacy have been reported inconsistently [15-17].

Previous studies showed improvements in right
ventricular function such as tricuspid annular plane
systolic excursion, pulmonary hypertension, and
systolic pulmonary arterial pressure after Sacubitril/
Valsartan initiation [10, 18]. However, some studies
failed to show any beneficial effect of Sacubitril/
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Valsartan on improving RV function. Therefore, the
effects of Sacubitril/Valsartan on RV dysfunction remain
a controversial issue [19]. Therefore, considering the
importance of the topic, this study aimed to compare
the effect of Sacubitril /Valsartan with Losartan and
Captopril in improving biventricular function, including
left ventricular ejection fraction, fractional area change,
Pulmonary arterial systolic pressure, tricuspid annular
plane systolic excursion, left ventricular end-systolic
diameter, left ventricular end-diastolic diameter, and
right ventricular—pulmonary artery coupling.

Materials and methods

The present study was an open-label randomized and
parallel clinical trial study.

INCLUSION CRITERIA

Inclusion criteria included patients over 18 years of age
with any degree of right heart failure regardless of the
severity of LV dysfunction (mild, moderate, and severe).
Informed consent was obtained from all participants.

EXCLUSION CRITERIA

The patients with SBP < 100 mmHg, GFR < 30 or
Cr > 2.5 or renal artery stenosis, ACEI/ARB intolerance,
and history of angioedema, or acute pulmonary embolism
were excluded. Sampling was done from patients with
right-sided heart failure referring to Hazrat-e Rasoul
Akram Hospital who need treatment with ACEi/ARB/
ARNL

PATIENT ALLOCATION

The included patients were assigned randomly to three
study arms using simple random allocation, i.e. the
intervention group (Sacubitril Valsartan recipients) and
the control groups (Losartan and Captopril recipients).
Graphpad random assignment software was used to
generate random sequences. In this way, before using
the software and generating the sequence, it was decided
to receive the letter (E) of the studied drug, the letter
(B) of losartan, and the letter (C) of captopril. Then,
using the production sequence software, each letter
was placed inside a sealed envelope. To maintain the
created sequence, the number was recorded on the outer
surface of the envelopes. The patients received the order
of referral according to the method inside the envelope.
After determining the sequence of patients and the
type of intervention, at the beginning of the study, an
echocardiography was performed by the fellowship of
this field in groups and before the start of the treatments.
Then, the intervention group was treated with sacubitril-
valsartan drug at a dose of 24/26 mg twice a day, and in
subsequent visits, if the patient tolerated this amount,
the dose was increased to 97/103 mg twice a day. The
control group also received Losartan with a starting
dose of 25 mg daily prescribed to patients with any
degree of RV dysfunction, and in subsequent visits, if
the patient tolerated this amount, the dose was increased

to 50mg daily and Captopril drug with the starting
dose of 6.25 mg three times daily in patients with any
degree of RV dysfunction and subsequent visits, if the
patient tolerated this amount, the dose was increased
to 50mg three times daily, according to the guidelines
for heart failure patients. The intervention continued
for three months and during the follow-up period, the
patients of all groups were repeatedly evaluated for
clinical symptoms. During this period, monthly visits
monitored the patients or if they were unable to come
to the clinic because of long distances, they were
questioned about their functional status, dyspnea grade,
daily dose of medication, and compliance by routine
phone calls. At the end of the third month, the follow-up
echo was repeated. The outcomes that were examined in
two echocardiography sessions included: EF, LVESD,
LVEDD, E/e’, RV size, TAPSE, FAC, PAP, and RV-
PA coupling. RV function was assessed by several
parameters and each one has its prognostic value. Of
the direct indicators of RV function is RVEF, which is
the quality of RV muscle contraction and relaxation in
apical 4chamber view by eyeball measurement and is
classified as normal, mild, moderate, and severe RV
dysfunction. The complementary index of RVEF is
RV FAC. RV diameter is also important, and directly
associated with RV dilation and dysfunction. TAPSE
measures RV longitudinal movement by putting M mode
on the lateral wall of the RV in an apical 4-chamber
view. Tricuspid valve regurgitation (known as TR) is the
result of both RV/annulus dilation and tricuspid valve
incompetence. It is measured by the percent of the TR
jet area occupying the right atrium. TR gradient which
is measured by putting CW on TV in apical 4chamber
view, is also helpful to define the amount of pressure
on RV, and adding RA pressure (which is indirectly
estimated by IVC size and collapse) to RVSP is called
pulmonary artery systolic pressure (PASP). RA-PA
coupling is the relationship between RV contractility
and RV afterload. It can be estimated by echo using
the ratio between TAPSE and PASP. Other indicators
(LVEF, LVESD, LVEDD, E/e’) are related to LV
systolic and diastolic function and are assessed for
considering the effect of drugs on both ventricles. All
the data, including the baseline and the data related to
the final results, were recorded in the checklist and then
entered into SPSS software version 22 to be analyzed
according to the objectives of the study (Fig. 1).

SAMPLE SIZE

All available patients who were willing to participate
in the study were selected included in the study and
randomly assigned to studied groups.

DATA ANALYSIS

The results for quantitative variables were expressed
as mean and standard deviation (mean +SD) and for
qualitative variables as frequency and percentages. The
Chi-square or Fisher’s exact tests were used to compare
qualitative variables. The continuous variables were
analyzed using a one-way ANOVA test. The Bonferroni
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Fig. 1. Consort flow chart.
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post hoc analysis was used for multiple comparisons. The
5% was considered as a statistically significant level. All
analysis was conducted using SPSS software version 22.

Results

BASELINE CHARACTERISTIC

Regarding gender, 22 (73.3%), 13 (72.2%) and 12
(75.0%) cases in Sacubitril/Valsartan, Losartan, and
Captopril groups were men, respectively (p: 0.59).
The mean Age in the Sacubitril/Valsartan, Losartan,
and Captopril were 55.93 + 12.95, 63.66 + 12.09, and
64.40+£13.53 respectively (P: 0.05). Also, the most
common type of cardiac disorder in the three studied
groups was Biventricular dysfunction (BiV) (p: 0.58). In
terms of the history of underlying diseases, 16 (53.3%), 9
(50.0%) and 10 (66.7%) patients in Sacubitril/Valsartan,
Losartan, and Captopril groups had a history of IHD (p:
0.44). Other important information is shown in Table I.

MAIN OUTCOMES

In the Comparison of the mean of changes of different
indices between the studied groups, the changes in
LVEEF, RV FAC, RV diameter, DOE grade, and TAPSE
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Analyzed (n= 19 in Losartan and 18 in Captopril )

+ Excluded from analysis (give reasons) (n=0 )

in the Sacubitril/Valsartan group were significantly higher
than the other two groups (Tab. II). Regarding the RV
dysfunction, most of the cases at the baseline in each
group had moderate RV dysfunction (Sacubitril/Valsartan:
66.7%, Losartan: 50%, and Captopril: 75%) and there
was no significant difference between the study groups
(P: 0.60). But after three months, 68, 13.3 and 50% of
cases in the Sacubitril/Valsartan, Losartan and Captopril
had mild RV dysfunction respectively. This index had a
significant difference between the studied groups three
months after receiving the intervention (P: 0.04). Also, the
severity of RV dysfunction decreased significantly three
months after the intervention compared to the beginning
of the intervention in all studied groups (p: 0.006)
(Tab. IIT). The TR (Tricuspid Regurgitation) severity index
at the beginning of the study had a significant difference
between the studied groups so the most severe cases were
in the losartan group (p: 0.03). While this index did not
have a significant difference between the studied groups
three months after receiving the intervention (p: 0.13). At
the baseline, the TR gradient in 3.3, 33.3 and 14.3% of
cases in the Sacubitril/Valsartan, Losartan, and Captopril
was severe respectively but at the end of the study, 0, 14.3
and 16.7 % of cases in the mentioned groups showed
severe TR gradient. These changes were statistically
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Tab. I. Basic characteristics of the particinants in the studied arouns.

Variable Subgroups Group ]
Sacubitril/Valsartan Losartan Captopril
(n:30) (n:18) (n:16)
Gender Males N 22 13 12
% 73.30% 72.20% 75.0%
0.59
Type of heart BiV N 27 14 13 0.58
disorder % 90.00% 77.80% 81.30%
RV N 3 4 3
dysfunction % 10.00% 22.20% 18.80%
History of IHD N 16 9 10 0.44
underlying % 53.30% 50.00% 62.5%
disease Other N 14 9 6
diseases
% 46.70% 50.00% 37. 5%
Age Mean +SD 55.93+12.95 63.66+12.09 64.40+13.53 0.05

Tab. Il. Comparison of the mean of changes of different indices between the studied groups.

Factor Group Mean SD P

LVEF Sacubitril/Valsartan * 0.05 0.04 0.001
Losartan* -0.01 0.04
Captopril 0.01 0.04

RV FAC Sacubitril/Valsartan * 0.07 0.04 0.001
Losartan 0.04 0.05
Captopril* 0.01 0.04

PASP Sacubitril/Valsartan -6.04 7.68 0.47
Losartan -3.64 491
Captopril -3.70 6.18

RV Sacubitril/Valsartan * -0.31 0.33 0.007
diameter Losartan -0.13 0.20
Captopril* 0.02 0.32

DOE grade  Sacubitril/Valsartan * -1.14 0.45 0.009
Losartan -0.67 0.98
Captopril* -0.50 0.52

TAPSE Sacubitril/Valsartan ** 2.75 2.14 0.01
Losartan* 0.79 2.46
Captopril® 0.67 3.14

LVESD Sacubitril/Valsartan -0.32 0.36 0.15
Losartan -0.15 0.40
Captopril -0.10 0.35

LVEDD Sacubitril/Valsartan -0.14 0.28 0.83
Losartan -0.16 0.43
Captopril -0.08 0.30

E/e' Sacubitril/Valsartan -3.14 4.61 0.41
Losartan -3.03 5.57
Captopril -1.08 3.26

RV-PA Sacubitril/Valsartan 0.09 0.09 0.71
coupling Losartan 0.07 0.12
Captopril 0.06 0.15

* indicates to significant difference according to post hoc test results. $ indicates to significant difference according to post hoc test results.
LVEF: Left ventricular ejection fraction, FAC: fractional area change, PASP: Pulmonary arterial systolic TAPSE: pressure, tricuspid annular plane
systolic excursion, LVESD: left ventricular end-systolic diameter, LVEDD: left ventricular end-diastolic diameter, RV-PA coupling: Right ventricu-
lar-pulmonary artery coupling,
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Tab. lll. Comparison of RV dvsfunction and TR severitv between the studied aroups.

Group Baseline p Three months later(follow-up) ] P
RV dysfunction RV dysfunction trend
RYV dysfunction Mild Moderate Severe ~ Normal Mild Moderate Severe  Normal
(based on RVEF)
Sacubitril/Valsartan 6 20 4 - 17 8 0 3
2000%  66.7% 13.3% - 060 "6g00%  286%  000% 10.7% 0-04 0.006
Losartan 4 9 5 - 2 11 1 1
22.2% 50.0% 27.8% - 13.3% 73.3% 6.7% 6.7%
Captopril 2 12 2 - 6 5 1 0
12.5% 75.0% 12.5% - 50.0% 41.7% 8.3% 0.00%
TR severity
Sacubitril/Valsartan 11 18 1 - 17 11 0 -
36.7% 60.0% 33% - 60.70% 39.3% 0.00% -
Losartan 7 5 6 - 0.03 7 5 2 - 013 0.02
38.9% 27.8% 33.3% - 25.00% 35.70% 14.3% -
Captopril 4 8 2 - 4 6 2 -
28.6% 57.1% 14.3% - 33.30% 50.0% 16.7% -
Tab. IV. Comparison reaching to optimum dose between the studied groups.
Group Optimum dose P
Yes No Total
Sacubitril/Valsartan 8 21 29
27.60% 72.40% 100.00% 0.006
Losartan 10 6 16
62.50% 37.5% 100.00%
Captopril 1 12 13
7.7 92.3% 100.00%
Total 19 39 58
32.8% 67.2% 100.00%
50% Optimum dose
Sacubitril/Valsartan 29 0 29
100.0% 100.00% 100.00%
Losartan 15 1 16 0.001
93.8% 6.30% 100.00%
Captopril 8 5 13
61.5% 38.5% 100.00%
Total 52 6 58
89.7% 10.3% 100

significant (0.02) (Tab. IIT). In terms of mortality, 5 deaths
occurred, and the incidence of deaths in the Sacubitril/
Valsartan, Losartan, and Captopril groups, were 2 (6.7%),
2 (11.2%), and 1 (7.7%) respectively and this difference
was not statistically significant (p:0.83). In the comparison
of the percentage of reaching the optimum dose as well as
50% of the optimum dose at the end of the study, there
was a significant difference between the studied groups.
Regarding the reaching optimum dose, 27.6, 62.5, and
7.7% of cases in the Sacubitril/Valsartan, Losartan, and
Captopril reached to optimum dose (p: 0.006). Also, 100,
93.8, and 61.5% of cases in the mentioned groups reached
50% optimum dose (p: 0.001) (Tab. IV).

Discussion

Right ventricular dysfunction is associated with increased
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mortality in patients with congenital heart diseases,
valvular diseases, coronary artery diseases, increased
pulmonary blood pressure, and patients with heart failure.
Therefore, treatment of right ventricular dysfunction and
the presence of an effective treatment regime is one of the
main concerns. The improvement of the right ventricular
function can lead to improving the patient’s clinical
outcomes as well as a decrease in mortality and hospital
lengths of stay. Considering the importance of the subject,
the present study aimed to assess the effectiveness of
Sacubitril/Valsartan compared to Losartan and Captopril
in patients with RV dysfunction.

MAIN FINDINGS

The results of the current study showed that the increase
in LVEF, RV FAC, and TAPSE as well as a decrease in
DOE grade and RV diameter in the Sacubitril/Valsartan
group was significantly higher than in the Losartan and
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Captopril groups. Regarding the RV dysfunction, this
disorder in the Sacubitril/Valsartan group improved
significantly compared to the Losartan and Captopril
groups. Also, the TR gradient change in the Sacubitril/
Valsartan group was significantly higher than control
groups. Regarding the mortality rate, this amount in
the Sacubitril/Valsartan group was lower than in the
control groups. Regarding the reaching optimum dose,
27.6, 62.5, and 7.7% of cases in the Sacubitril/Valsartan,
Losartan, and Captopril reached to optimum dose. Also,
100, 93.8, and 61.5% of cases in the mentioned groups
reached 50% optimum dose.

Our results showed that Sacubitril/Valsartan improved
the TAPSE index. This result is similar to other studies.
A meta-analysis which conducted to evaluate the effects
of Sacubitril/Valsartan on RV function and PH in patients
with HFrEF (Heart Failure with Reduced Ejection
Fraction), The results showed that Sacubitril/Valsartan
significantly improves TAPSE and S’ (functional state
of the right ventricle) and reduces sPAP and mPAP (state
of pulmonary circulation) (20). The studies conducted
in this field indicate the positive effects of these drugs
in improving TAPSE in patients with HFrEF with
long-term improvement [10]. In another in Italy, the
mean TAPSE increased significantly after one year of
treatment [11]. In another study that assessed the effect
of reversible abnormal TAPSE and patient survival on
patients with chronic HFrEF, the results showed that
in patients whose TAPSE values were abnormal at the
beginning of the study, but these values improved during
the treatment, the prognosis of the disease was much
better than compared to patients with abnormal TAPSE
values [21]. In another study, significant improvement in
TAPSE, RVFAC, S’, and PASP was observed in patients
receiving Sacubitril/Valsartan regardless of NYHA
classification, gender, hypertension status, diabetes
status, history of MI, and length of follow-up [22].
TAPSE is one of the main indices reflecting RV systolic
function [23]. A decrease in TAPSE is associated with
a poor prognosis of the disease [24, 25]. The results of
the present study showed that Sacubitril/Valsartan has a
positive effect in increasing TAPSE and improving the
prognosis of the disease.

Our results showed that Sacubitril/Valsartan improved
the LVEF, RV FAC, RV diameter, and DOE grade, as
well as a decrease in DOE grade and RV diameter. The
beneficial therapeutic effects of Sacubitril/Valsartan on
improving RV function have also been reported in other
studies [26, 27]. A meta-analysis showed significant
improvements in LVEF and a reduction in LVEDV in the
Sacubitril/Valsartan users [28]. Other studies showed the
important therapeutic value of Sacubitril/Valsartan for
patients with HFrEF and RV systolic dysfunction [22].
Masarone et al showed that Sacubitril/Valsartan may
improve RV-pulmonary artery coupling [10], Landolfo et
al. reported a PAsP improvement after S/V therapy [29],
and Yenercag et al. showed FAC and pulmonary artery
stiffness improvement [30].

Right ventricular dysfunction can have three origins,
including pressure overload, ischemic heart disease,

and cardiomyopathy [31]. The exact mechanisms by
which Sacubitril/Valsartan improves the RV function
and PH is unknown. However, Sacubitril valsartan
may prevent maladaptive RV remodeling in a pressure
overload model via amelioration of RV pressure rise,
hypertrophy, collagen, and myofiber reorientation, as
well as tissue stiffening at both the tissue and myofiber
level [31]. Sacubitril/valsartan has dual effects through
which it improves right ventricular function. This dual
function includes inhibiting neprilysin and inactivating
the renin-angiotensin-aldosterone system. This drug
leads to natriuresis, vasodilation, and anti-apoptosis by
inactivating many neurohormones, such as angiotensin
Il, aldosterone, and endothelin-1, modulating gene
expression, such as transforming growth factor-f1 and
promoting re-endothelialization, anti-fibrotic, anti-
inflammatory, and anti-thrombotic reactions, as well as
reducing cardiac hypertrophy, and ultimately improving
the compensation of cardiac damage.

According to the results of this study and other studies
conducted in this field, it seems that the evidence
supports the effect of Sacubitril/Valsartan as a
treatment option for RV dysfunction. The current study
had limitations, which include; first, this study was a
single-center study that can affect the generalizability
of the results. Because the patients included in this study
may not be similar in terms of clinical characteristics to
all patients with right ventricular disorders, therefore,
caution should be used in generalizing the results.
Second, the sample size was small and the follow-
up period was short, a small sample size can affect
the ability of statistical tests to detect differences and
lead to non-significant results to be seen. So Further
confirmation needs a larger group of patients with
longer follow-up periods to have a better perspective of
long-term outcomes.

conclusions

According to the results, it seems that Sacubitril/
Valsartan has a positive effect on improving the right
ventricular dysfunction in patients with right heart
disorders. This effect may be independent of left heart
dysfunction. Therefore, this treatment method can be
used as an alternative in the treatment of these patients.
However, the confirmation of the above findings requires
larger studies with more samples.
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