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Background: To explore the efficacy of beraprost sodium combined with sildenafil and its effects on the vascular endothe-
lial function and inflammation in left heart failure patients complicated with pulmonary arterial hypertension.
Material/Methods: A total of 80 patients with left heart failure complicated with pulmonary arterial hypertension was enrolled as
the subjects of this study and assigned into an observation group (n=40) and a control group (n=40) using a
random number table. The changes in pulmonary arterial hypertension-associated indicators at 3 months af-
ter treatment and the alterations in the levels of cardiac function-associated biochemical indicator brain na-
triuretic peptide (BNP), inflammatory factor tumor necrosis factor alpha (TNF-o), and mean pulmonary arteri-
al pressure during treatment were compared between the 2 groups.

Results: At 3 months after treatment, the pulmonary arterial hypertension-associated indicators human urotensin Il
and calcitonin gene-related peptide in the observation group were lower and higher, respectively, than those
in control group. Moreover, the observation group had significantly lower BNP and TNF-a levels and mean pul-
monary arterial pressure than the control group. After intervention, the echocardiographic parameters left ven-
tricular ejection fraction (LVEF), cardiac output (CO), and stroke volume (SV) in both groups were significant-
ly higher than those before intervention, and the observation group had significantly higher LVEF, SV, and CO
than the control group after intervention.

Conclusions: Beraprost sodium combined with sildenafil for left heart failure complicated with pulmonary arterial hyperten-
sion can effectively improve pulmonary arterial hypertension, alleviate left heart failure, and reduce inflamma-
tory responses, thereby achieving better clinical efficacy in patients.
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Background

In the pathogenesis of pulmonary arterial hypertension, ele-
vated pulmonary vascular resistance-induced congestion in
the pulmonary circulation can be diagnosed by measuring the
mean pulmonary arterial pressure at rest or during exercise us-
ing right-heart catheterization [1]. Pulmonary arterial hyperten-
sion is a clinically common severe cardiovascular disease that
can cause significant pulmonary vasoconstriction and thick-
ening of the pulmonary artery intima, further increasing resis-
tance in the pulmonary circulation, so it serves as a common
risk factor for right heart failure. Chronic left heart failure can
alter both structure and function of the heart in patients to
obviously weaken cardiac filling and ejection, resulting in con-
gestion in the pulmonary circulation [2]. Once patients have
left heart failure complicated with pulmonary arterial hyper-
tension, treatment is not satisfactory because of the critical
disease conditions, and if no prompt and effective measures
are performed, respiratory failure will occur in the early stag-
es [3]. Calcium channel blockers used to be administered to
the patients with left heart failure and pulmonary arterial hy-
pertension to dilate blood vessels and reduce pulmonary arte-
rial pressure, but the efficacy needs to be improved [4]. In re-
cent years, great advances have been made in the treatment
of pulmonary arterial hypertension with such drugs as pros-
tacyclin and endothelin receptor antagonists. However, these
drugs are far from satisfactory when administered alone to
patients with left heart failure complicated by pulmonary ar-
terial hypertension, so combined medication is necessary [5].

Beraprost sodium, the first oral prostacyclin derivative drug for
humans, can selectively activate adenylate cyclase and raise
the cyclic adenosine monophosphate level in cells, and it has
certain antiplatelet, anti-inflammatory, and vasodilating ef-
fects as well [6]. Sildenafil, a 5-phosphodiesterase inhibitor,
can effectively inactivate 5-phosphodiesterase and raise the
level of cyclic guanosine monophosphate in the pulmonary
vascular smooth muscle, thereby selectively dilating pulmo-
nary vessels [7]. The present study mainly explored the clini-
cal efficacy of beraprost sodium combined with sildenafil and
its effects on vascular endothelial function and inflammato-
ry responses in patients with left heart failure combined with
pulmonary arterial hypertension so as to effectively improve
the clinical treatment outcomes of such patients.

Material and Methods

General Data

A total of 80 patients with left heart failure complicated with
pulmonary arterial hypertension who were treated in our hos-
pital from January 2018 to December 2019 were enrolled as
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the subjects of this study. Consent documents for enrollment
were signed. This study was approved by the Ethics Committee
of Shanghai Pulmonary Hospital. Heart failure was definitive-
ly diagnosed by clinical manifestations and atrial brain natri-
uretic peptide (BNP) test results, whereas the diagnosis of pul-
monary arterial hypertension was confirmed by past medical
history combined with measurement results of pulmonary ar-
terial pressure. Inclusion criteria: 1) patients with definitive di-
agnosis; 2) those with a predicted survival time of over 48 h; 3)
those with normal mental conditions; and 4) those >50 years
old. Exclusion criteria: 1) patients using bosentan, iloprost so-
lution for inhalation, or other drugs for regulating pulmonary
arterial pressure within 3 months before enrollment; 2) those
with acute heart failure, respiratory failure, mental illness, con-
genital heart disease, myocardial infarction, respiratory sys-
tem infection, tuberculosis, or malignant tumors; 3) those al-
lergic to the drugs to be used in this study; or 4) those with
stroke or severe liver or kidney dysfunction. The subjects were
assigned into the following 2 groups using a random number
table, with 40 patients in each group: Observation group: 27
men and 13 women, ages 50-88 years (mean 73.6+2.9 years).
According to the New York Heart Association (NYHA) func-
tional classification, 21 cases were in class Il and 19 cases
were in class IV at enrollment. The duration of left heart fail-
ure was 7-21 days (mean 15.3+1.2 days) and the duration of
pulmonary arterial hypertension was 4 months-3 years (mean
17.541.5 months). Control group: 28 men and 12 women ages
50-87 years (mean 73.5+2.8 years). Among them, 20 patients
were in NYHA class Il and 20 patients were in NYHA class
IV at enrollment. They experienced left heart failure for 7-20
days (mean 15.2+1.3 days) and pulmonary arterial hyperten-
sion for 4 months-3 years (mean 17.6+1.6 months). No statis-
tically significant differences in the sex, age, NYHA function-
al class at enrollment, and duration of left heart failure and
pulmonary arterial hypertension were observed between the
2 groups (P>0.05).

Methods

Upon enrollment, all the subjects were treated with cardioton-
ics, diuretics, vasodilators, and anticoagulant and antiplate-
let drugs, and they were asked to lie in bed and inhale oxy-
gen and received noninvasive mechanical ventilation therapy
if necessary. For the special treatment of heart failure and pul-
monary arterial hypertension, beraprost sodium tablets (40 pg
each; Beijing Tide Pharmaceutical Co., Ltd., Beijing, China, NMP
no. H20083589, batch no. 201711TH125) were orally taken 3
times daily after meals in the control group, whereas sildenafil
citrate (20 mg each; Pfizer Inc., New York, NY, USA, NMP no.
H20020528, batch no. 20171206) was orally administered 3
times daily in the observation group in addition to the treat-
ment in the control group. The treatment in both groups last-
ed for 3 months (a treatment course).
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Observation Indicators

The changes in the pulmonary arterial hypertension-associated
indicators at 3 months after treatment and the levels of cardiac
function-associated biochemical indicator BNP, inflammatory
factor tumor necrosis factor alpha (TNF-o), and mean pulmo-
nary arterial pressure during treatment (before treatment and
at 1 week, 1 month, and 3 months after treatment) were com-
pared between the 2 groups. The alterations in the echocar-
diographic parameters before treatment and at 3 months after
treatment and vascular endothelial function-related indicators
at 3 months after treatment were also compared between the
2 groups. Finally, the correlations of mean pulmonary arteri-
al pressure with the changes in levels of human urotensin Il
(hU-11), vascular endothelin-1, TNF-c,, and BNP were analyzed.

Evaluation Criteria

Pulmonary arterial hypertension-associated indicator levels
were determined for hU-Il by drawing 5 mL of fasting blood
from the elbow vein and centrifuging at 2500 revolutions per
minute (rpm). The supernatant was collected and the level of
hU-Il was determined using an enzyme-linked immunosorbent
assay kit (R&D Systems, Minneapolis, MN, USA; normal refer-
ence range in adults: 12.1-16.8 ng/L). For calcitonin gene-re-
lated peptide (CGRP), first, 5 mL of fasting blood was collect-
ed from the elbow vein and placed in anticoagulant-treated
sterile test tubes and centrifuged at 2500 rpm. The superna-
tant was harvested, and the level of CGRP was measured us-
ing the chemiluminescence method (normal reference range
in adults: 36-54 pg/mL). According to the classical diagnosis
criteria of the European Society of Cardiology and European
Respiratory Society in 2009, pulmonary arterial hypertension
was diagnosed when the mean pulmonary arterial pressure
recorded using an RM 6240B multichannel electrophysiologi-
cal monitor was >25 mmHg at rest and >30 mmHg during ex-
ercise. Echocardiographic parameters included left ventricu-
lar ejection fraction (LVEF; normal reference value in adults:
>50%), cardiac output (CO; normal reference value in adults:
>4.5 L/min), and stroke volume (SV; normal reference value in
adults: 260 mL). When the level of cardiac function-associated
biochemical indicator BNP exceeded 500 mg/L (normal refer-
ence value in adults: <200 mg/L), heart failure was diagnosed.
The normal reference range of inflammatory factor TNF-a. in
adults is 1-10 ng/mL. Vascular endothelial function indicators
included endothelin-1 (normal reference range: 3.5-58.4 ng/L)
and nitric oxide (normal reference range: 13.8-34.6 pmol/L).

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 20.0 (IBM,

Armonk, NY, USA) was used for statistical processing. Such mea-
surement data as pulmonary arterial hypertension-associated
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indicators, cardiac function-associated biochemical indicators,
inflammatory indicators, and mean pulmonary arterial pressure
were presented as meansstandard deviation (+s). The means
were compared between the 2 groups using the t test and cor-
relation analysis was performed using the Pearson method.
P<0.05 suggested that the difference was statistically significant.

Results

Comparisons of Pulmonary Arterial Hypertension-
associated Indicators at 3 Months After Treatment
Between the 2 Groups

At 3 months after treatment, the observation group had a low-
er level of hU-1l (P<0.05), but a higher level of CGRP (P<0.05)
than the control group (Table 1).

Changes in Level of Cardiac Function-Associated
Biochemical Indicator BNP During Treatment

Before treatment, no statistically significant difference in the
level of BNP was observed between the 2 groups ([955.6+23.1]
mg/L vs [956.1+23.0] mg/L; P>0.05). The levels of BNP at 1
week, 1 month, and 3 months after treatment in the observa-
tion group were significantly lower than those in the control
group ([558.8+25.6] mg/L vs [678.8+31.8] mg/L, [359.6+19.2]
mg/L vs [438.328.9] mg/L, [169.8+18.8] mg/L vs [359.5+16.3]
mg/L; t=18.591, 23.520, and 48.218, P<0.05) (Figure 1).

Changes in Level of TNF-o. During Treatment

Before treatment, the level of TNF-a was not statistically sig-
nificantly different between the 2 groups ([23.6+1.9] ng/mL vs
[23.6+2.0] ng/mL; P>0.05). At 1 week, 1 month, and 3 months
after treatment, the observation group had a significantly low-
er level of TNF-at than the control group ([18.1+1.7] ng/mL vs
[20.4+1.8] ng/mL, [11.3+1.3] ng/mL vs [16.8+1.6] ng/mL, and
[8.3+0.9] ng/mL vs [13.5+1.1] ng/mL; t=5.875, 16.873, and
23.140, P<0.05) (Figure 2).

Changes in Mean Pulmonary Arterial Pressure During
Follow-up

Before treatment, there was no statistically significant differ-
ence in the mean pulmonary arterial pressure between the 2
groups ([39.7+0.8] mmHg vs [39.8+0.8] mmHg; P>0.05). The
mean pulmonary arterial pressure at 1 week, 1 month, and 3
months after treatment in the observation group was signifi-
cantly lower than that in the control group ([31.6+0.2] mmHg
vs [36.4+0.3] mmHg, [26.8+0.5] mmHg vs [30.8+0.3] mmHg,
and [25.6+0.4] mmHg vs [29.8+0.5] mmHg; t=84.198, 43.386,
and 41.485, P<0.05) (Figure 3).
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Table 1. Comparisons of pulmonary arterial hypertension-
associated indicators at 3 months after treatment
between the 2 groups () +s). Observation group:
beraprost sodium combined with sildenafil; control
group: beraprost sodium only.

HU-II (ng/L) CGRP (g/mL)

Observation group 15.310.3 47.0+£1.2
CControlgroup  231:12 237109
R 3988 98241
N woo1 woo1

hU-Il = human urotensin Il; CGRP — calcitonin gene-related
peptide.
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Figure 1. Changes in level of cardiac function-associated
biochemical indicator BNP during treatment in the 2
groups.

Comparisons of Echocardiographic Parameters Before
Treatment and at 3 Months After Treatment

Before intervention, the echocardiographic parameters LVEF,
SV, and CO were statistically significantly different between
the 2 groups (P>0.05). After intervention, the LVEF, SV, and CO
significantly rose in both groups compared with those before
intervention (P<0.05), and the observation group had high-
er LVEF, SV, and CO than the control group after intervention
(P<0.05) (Table 2).

Comparisons of Vascular Endothelial Function-related
Indicators at 3 Months After Treatment

At 3 months after treatment, the observation group had a
higher level of nitric oxide (P<0.05) but a lower level of vas-
cular endothelin-1 than the control group (P<0.05) (Table 3).
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Figure 2. Changes in level of TNF-a during treatment in the 2

groups.
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Figure 3. Changes in mean pulmonary arterial pressure during
follow-up in the 2 groups.

Discussion

Left heart failure, an impairment of cardiac function caused by
multiple underlying heart diseases, can give rise to changes in
myocardial structure and function [8], and it will progress un-
til left heart pumping dysfunction, decreased filling capacity,
and systolic dysfunction occur [9]. As the course is extended,
left heart failure can induce water-sodium retention, conges-
tion in the pulmonary and systemic circulation, elevated left
ventricular preload and afterload, and even secondary pul-
monary arterial hypertension [10]. Pulmonary arterial hyper-
tension is a cardiovascular disease with a poor prognosis in
which pulmonary vascular resistance and pressure tend to be
increased by pulmonary artery occlusion. With the prolongation
of the course of pulmonary arterial hypertension, pulmonary
vascular remodeling will occur, further resulting in right heart
failure and even clinical death [11]. Conventionally, the main
symptomatic and supportive treatments for patients with left
heart failure complicated with pulmonary arterial hypertension
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Table 2. Comparisons of echocardiographic parameters before treatment and at 3 months after treatment between the 2 groups (3 +s).
Observation group: beraprost sodium combined with sildenafil; control group: beraprost sodium only.

LVEF (%) CO (L/min) SV (mL/b)
Observation group Before intervention 41.3+1.6 2.840.2 42.1+4.3
"""""""""""""""""""""" Afterinterventon 63338 51:04 65959
Controlgroup Before intervention san6 28:02 22044
""""""""""""""""""""""" After intervention  538#23 46103 593:51
e - 23 56288 16286
e - ©o01 ©o01 ©o01
R e 16704 29608 10610
e - @o01 @o01 @001
o - om o000 0103
e - o 1000 o918
R - 1922 2804 6163
e - @oo1 @oo1 w001

t, and P;: before intervention vs after intervention in the observation group; t, and P,: before intervention vs after intervention in the
control group; t, and P,: observation group vs control group before intervention; t, and P,: observation group vs control group after
intervention. LVEF — left ventricular ejection fraction; CO — cardiac output; SV — stroke volume.

Table 3. Comparisons of vascular endothelial function-related
indicators at 3 months after treatment between the
2 groups (y+s). Observation group: beraprost sodium
combined with sildenafil; control group: beraprost
sodium only.

Vascular
endothelin-1 (ng/L)

Nitric oxide

(rmol/L)

Observation group 59.9+10.5 27.6£2.5
CControlgroup 374614 604#53
R 134 5076
N woot woor

include oxygen therapy, cardiotonic therapy, diuretic treat-
ment, vasodilation, and anti-infection [12]. Drugs for the tar-
geted treatment of pulmonary arterial hypertension have been
increasingly extensively used in clinical practice with the ap-
plication of biological targeted therapy, but they are expen-
sive [13]. Therefore, pulmonary arterial hypertension is clini-
cally treated with beraprost sodium, a prostacyclin derivative.
Although beraprost sodium can substantially inhibit prostacy-
clin in the vascular smooth muscle and restrain calcium influx,
thereby dilating blood vessels [14], it alone has limited effica-
cy for left heart failure patients complicated with pulmonary
arterial hypertension [15].

In this study, in addition to symptomatic and supportive treat-
ments, beraprost sodium was administered in the control group,
whereas beraprost sodium combined with sildenafil was giv-
en in the observation group. Then, the pulmonary arterial hy-
pertension-associated indicators at 3 months after treatment
were compared between the 2 groups, and it was found that
the observation group had a lower level of hU-II but a higher
level of CGRP than the control group. These findings suggest
that beraprost sodium combined with sildenafil for left heart
failure complicated with pulmonary arterial hypertension can
considerably decrease pulmonary arterial hypertension-associ-
ated biochemical indicators. The changes in the levels of cardi-
ac function-associated biochemical indicator BNP and inflam-
matory factor TNF-o. and mean pulmonary arterial pressure
during treatment were also compared between the 2 groups.
It was discovered that the observation group had lower levels
of BNP and TNF-a as well as mean pulmonary arterial pres-
sure than the control group at 1 week, 1 month, and 3 months
after treatment, indicating that beraprost sodium combined
with sildenafil for left heart failure complicated with pulmo-
nary arterial hypertension is significantly valuable in reducing
heart failure-related factors and relieving body inflammatory
responses and pulmonary arterial pressure. The echocardio-
graphic parameters before treatment and at 3 months after
treatment were compared between the 2 groups. According
to the results, the LVEF, SV, and CO significantly rose in both
groups after intervention compared with those before inter-
vention, and the observation group had higher LVEF, SV, and
CO than the control group after intervention. These results
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imply that beraprost sodium combined with sildenafil for left
heart failure complicated with pulmonary arterial hyperten-
sion can reverse left ventricular remodeling to a certain ex-
tent, enhance cardiac pumping capacity, and alleviate left
heart failure. The vascular endothelial function-related indi-
cators were compared between the 2 groups at 3 months af-
ter treatment as well, and it was found that the observation
group had a higher level of nitric oxide but a lower level of
vascular endothelial-1 than the control group. The above re-
sults suggest that beraprost sodium combined with sildenafil
for left heart failure complicated with pulmonary arterial hy-
pertension has a significant protective effect on the vascular
endothelium. Finally, the correlations of mean pulmonary ar-
terial pressure with the changes in hU-II, vascular endothe-
lin-1, TNF-a, and BNP levels were analyzed, and the results
revealed that the mean pulmonary arterial pressure was pos-
itively correlated with the changes in the levels of hU-II, vas-
cular endothelin-1, TNF-o, and BNP.

As a 5-phosphodiesterase inhibitor [16], sildenafil can effec-
tively inactivate 5-phosphodiesterase to raise the level of cy-
clic guanosine monophosphate in the body [17], and selective-
ly act on the pulmonary vascular smooth muscle to effectively
dilate pulmonary vessels [18], so it is combined with beraprost
sodium to treat left heart failure complicated with pulmonary
arterial hypertension. Since lung tissues are rich in 5-phospho-
diesterases, after oral administration, sildenafil has a long half-
life, long duration of action, and high specificity and causes
few adverse reactions. Additionally, this drug can reduce vas-
cular endothelin-1 levels and raise nitric oxide levels, further
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dilating blood vessels [19]. Sildenafil in combination with bera-
prost sodium can also elevate the cyclic adenosine phosphate
level in the body but does not compete with beraprost sodi-
um for cytochrome P450 receptors. Therefore, their combina-
tion has an obvious synergistic effect [20].

On the basis of this randomized controlled trail, we believe
that the combination of beraprost sodium with sildenafil was
beneficial for patients experiencing left heart failure com-
plicated with pulmonary arterial hypertension. The results
of this study paved a new pathway for the treatment of left
heart failure complicated with pulmonary arterial hyperten-
sion. However, the sample size of our study was too small, and
this was a single center and nondouble-blind trial. The follow-
up time was only 3 months. A randomized controlled, double-
blind, multicenter trial needs to be carried out to further sup-
port our conclusions.

Conclusions

In conclusion, beraprost sodium combined with sildenafil can
effectively improve pulmonary arterial hypertension, allevi-
ate left heart failure, and relieve inflammatory responses in
the body, thereby achieving better clinical efficacy in patients.
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