
Am J Transl Res 2021;13(10):11522-11530
www.ajtr.org /ISSN:1943-8141/AJTR0134635

Original Article 
Bosentan combined with sildenafil in the treatment of 
COPD patients with pulmonary arterial hypertension

Ying Li1, Yao Wang2, Shaohua Liu3

1Department of Cardiology, Pingxiang People’s Hospital, Pingxiang 337000, Jiangxi Province, China; 2Department 
of Health Management, Pingxiang People’s Hospital, Pingxiang 337000, Jiangxi Province, China; 3Department of 
Surgery, Pingxiang People’s Hospital, Pingxiang 337000, Jiangxi Province, China

Received April 25, 2021; Accepted August 31, 2021; Epub October 15, 2021; Published October 30, 2021

Abstract: Objective: To explore the impacts of bosentan combined with sildenafil on chronic obstructive pulmonary 
disease (COPD) patients with pulmonary arterial hypertension (PAH). Methods: From April 2019 to October 2020, 
90 COPD patients with PAH diagnosed in our hospital were recruited and divided into groups A and B. The patients 
in group A (50 cases) were treated with bosentan combined with sildenafil, and the patients in group B (40 cases) 
were administered bosentan combined with iloprost solution for inhalation. The PAH conditions, the heart rates 
(HR), the cardiac function, the pulmonary function, the blood gas indexes, the inflammatory factor expressions, 
the incidences of adverse reactions, the overall response rates (ORR), and the patient satisfaction levels were 
determined or evaluated. Results: Compared with group B, the patients in group A had better recovered PAH, HR, 
cardiac function, pulmonary function, and blood gas indexes, lower inflammatory factor expression levels and a 
lower incidence of adverse reactions, as well as higher ORR and higher satisfaction levels. Conclusion: Bosentan 
combined with sildenafil can reduce pulmonary artery pressure and promote the recovery of cardiopulmonary func-
tion in COPD patients with PAH.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
is defined as the gradual deterioration of pul-
monary function and a series of mental and 
physical complications [1]. An increasingly  
serious global health issue, this disease has 
become the third leading cause of death world-
wide and the main cause of morbidity [2]. 
Currently, the disease affects about 10% of the 
middle-aged and elderly population and 50% of 
heavy smokers. It is estimated that more than 
25% of patients now develop COPD with a 
cumulative lifetime risk [3, 4]. COPD is charac-
terized by chronic bronchitis, chronic airway 
obstruction, airway remodeling and emphyse-
ma, leading to a progressive and irreversible 
decline of pulmonary function [5]. The release 
of inflammatory mediators and destructive 
enzymes caused by inflammation is the main 
cause of the progressive destruction of pulmo-
nary tissue and pulmonary function in COPD 

[6]. Pulmonary function changes caused by 
inflammation can lead to pulmonary arterial 
hypertension (PAH), which gradually increases 
pulmonary artery resistance, and leads to right 
heart failure and death in severe cases if not 
treated in time [7]. Therefore, the treatment of 
this disease should focus on eliminating inflam-
mation and restoring the pulmonary structure.

At present, the treatment of COPD combined 
with pulmonary hypertension is mainly conven-
tional symptomatic treatment, through auxiliary 
oxygen inhalation, cardiotonic agents, diuretics, 
and other measures to alleviate the clinical 
symptoms, but the effect is not ideal [8].  
Drug therapy can markedly improve patients’ 
quality of life and prolong their survival [9]. 
Glucocorticoids, long-acting muscarinic anta- 
gonists (LAMA), and long-acting β2-agonists 
(LABA) have been shown to have a positive 
effect on alleviating COPD symptoms and 
improving pulmonary function [10]. Among 
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them, bosentan is an endothelin receptor 
antagonist clinically used to treat PAH [11]. And 
its combination with another drug, sildenafil, a 
phosphodiesterase 5 inhibitor (PDE5i), is effec-
tive for treating PAH [12]. The combination of 
bosentan and sildenafil can effectively antago-
nize endothelial dysfunction and restore pulmo-
nary function [13, 14]. The combination of 
bosentan and sildenafil has been shown to 
improve and control pulmonary hypertension 
[15]. However, there are few studies on whether 
the two drugs have an effect on PAH caused by 
COPD. Accordingly, this study was carried out  
to investigate whether their combination can 
relieve the symptoms associated with COPD 
while improving PAH.

Methods

General data

A total of 90 patients with COPD and PAH diag-
nosed in the Pingxiang People’s Hospital from 
April 2019 to October 2020 were recruited as 
study cohort, and their clinical data were ana-
lyzed retrospectively. A comparison of the two 
groups’ general data showed no significant dif-
ferences (P>0.05).

Inclusion criteria: all the enrolled patients were 
diagnosed with COPD and PAH using pulmo-
nary ventilation imaging, pulmonary perfusion 
imaging, or echocardiography.

Exclusion criteria: patients who did not meet 
the diagnostic criteria; patients who did not fol-
low the doctor’s advice or who withdrew from 
the study during the follow-up; patients with 
severe mental illnesses; patients who refused 
to cooperate with the study; patients with drug 
allergies; patients with liver or renal dysfunc-
tions, connective tissue diseases, or chronic 
bronchitis.

The patients and their families were informed 
and signed the relevant consents. This study 
was approved by the hospital ethics committee 
(SV-713-947).

Methods

After admission, both groups of patients were 
administered routine symptomatic treatment 
such as oxygen inhalation, atomization, fluid 
infusion, anti-infection, cough relief, phlegm 
resolving, and spasmolysis.

The patients in group A were treated with 
bosentan (Actelion Pharmaceuticals Ltd., app- 
roval number H20110291) combined with 
sildenafil (Pfizer Pharmaceutical Co., Ltd., SFDA 
approval number H20020528) in addition to 
the routine treatment. The bosentan was 
administered orally twice a day (after breakfast 
and after dinner), 62.5 mg/time. The dosage 
was gradually increased to the recommended 
maintenance dosage after 4 weeks of continu-
ous treatment. The sildenafil was administered 
orally 50 mg twice a day. The treatment contin-
ued for 3 months.

The patients in group B were treated with 
bosentan (Actelion Pharmaceuticals Ltd., app- 
roval number H20110291) combined with ilo-
prost solution for inhalation (Berlimed S.A, 
approval number J20070001) in addition to the 
routine treatment. The bosentan was taken 
orally twice a day (after breakfast and after  
dinner), 62.5 mg/time. After continuous treat-
ment for 28 days, the dosage was gradually 
increased to the recommended maintenance 
dose of 125 mg/time, twice a day. The starting 
dose of iloprost solution for inhalation was 2.5 
g/dose, which was diluted with 20 mL of sterile 
saline for aerosol inhalation. The dosage was 
increased to 5.0 g/time according to each 
patient’s tolerance. The treatment lasted for 3 
months.

Measurement indicators

Pulmonary artery pressure and heart rate (HR): 
The arterial pressure at admission and at 1 
month after treatment and the HR were com-
pared between the two groups. The pulmonary 
artery pressure levels and the HRs in both 
groups were measured in real time after each 
patient’s hospitalization. The pulmonary artery 
pressure was examined using color Doppler 
ultrasound (Baden Medical Co., LTD., Nanjing, 
China, V514371) at a frequency of 1-5 MHZ. 
According to the specific condition of each 
patient, each patients was placed in the left or 
supine position, and the diameter of the pulmo-
nary artery and the size of the attrix were mea-
sured from the 3-4 intercostal space adjacent 
to the sternum. The pulmonary artery pressure 
was evaluated using a color Doppler spectrum.

Cardiac function: The patients’ cardiac function 
was compared upon admission and at one 
month after treatment. The 6-minute walking 



Bosentan and sildenafil to treat COPD patients with PAH

11524 Am J Transl Res 2021;13(10):11522-11530

distances (6MWD) and the right ventricular 
ejection fraction (RVEF) levels were chosen to 
evaluate the patients’ cardiac function before 
and after the treatment. In 6MWD, a longer 
walking distance indicated a better recovery of 
cardiac function. The RVEF was measured 
using color Doppler ultrasound.

Pulmonary function: The two groups’ pulmo-
nary functions were compared upon admission 
and at one month after the treatment. The 
measurement indexes included forced expira-
tory volume in the first second (FEV1), forced 
vital capacity (FVC), and FEV1/FVC.

Blood gas analysis: The patients’ blood gas lev-
els upon admission and at one month after the 
treatment were analyzed and compared, includ-
ing arterial partial pressure of oxygen (PaO2) 
and arterial partial pressure of carbon dioxide 
(PaCO2).

Inflammatory factors: The interleukin-13 (IL-
13), IL-17, and serum C-reactive protein (CRP) 
protein expression levels in the patients’ blood 
were determined and compared upon admis-
sion and at one month after the treatment. 
Enzyme-linked immunosorbent assay (ELISA) 
kits were purchased from Thermo Fisher 
Scientific (Shanghai, China), with the batch 
numbers of BMS231-3TEN, BMS2017HS, and 
KHA0031, respectively.

toms, the cardiac function, or the blood oxygen 
saturation was seen.

Treatment satisfaction: The patients’ satisfac-
tion towards the nursing was assessed using a 
treatment satisfaction questionnaire, and the 
two groups’ scores were compared. The test 
contents and evaluation criteria were self-
made. The total score was 100 points, with 
100-85 points being satisfied, 60-85 being 
basically satisfied, and less than 60 being 
dissatisfied.

Statistical methods

SPSS 19.0 (Asia Analytics Formerly SPSS 
China) was used to statistically analyze the 
comprehensive data, and the pictures were 
drawn using GraphPad Prism 7. X2 tests were 
utilized to compare the count data. The mea-
surement data were represented in the form of 
(x ± sd) and analyzed using t tests. Paired T 
tests were used for the intra-group compari-
sons before and after the treatment. When 
P<0.05, the difference was statistically signi- 
ficant.

Results

General data

There were no significant differences between 
the two groups in terms of their general data 

Table 1. General data of the patients in the two groups
Classification Group A (n=50) Group B (n=40) t/X2 P
Gender 0.14 0.706
    Male 27 (54.00) 20 (50.00)
    Female 23 (46.00) 20 (50.00)
Age (years) 35.91±6.73 35.88±7.49 0.02 0.984
BMI (kg/m2) 21.68±2.33 21.45±2.42 0.46 0.649
NYHAFC grade 0.02 0.887
    II 28 (56.00) 23 (57.50)
    III 22 (44.00) 17 (42.50)
Hypertension 0.56 0.453
    Present 38 (76.00) 33 (82.50)
    Absent 12 (24.00) 7 (17.50)
Hyperlipidemia 0.01 0.958
    Present 36 (72.00) 29 (72.50)
    Absent 14 (28.00) 11 (27.50)
Diabetes 0.01 0.922
    Present 32 (64.00) 26 (65.00)
    Absent 18 (36.00) 14 (35.00)

Incidence of adverse reactions: The 
incidence of adverse reactions in  
the two groups during the treatment 
was statistically analyzed. The related 
indexes included flushing, headache, 
dizziness, and nausea.

Overall response rate: The ORR of  
two groups of patients during the 
treatment was statistically analyzed. 
Marked response: clinical symptoms 
such as cough, wheezing and dyspnea 
were alleviated, the pulmonary rales 
were reduced, the cardiac function 
was improved to grade II or above, and 
the blood oxygen saturation was over 
95%; Effective response: the above 
symptoms and signs were partially 
alleviated, the cardiac function was 
improved to grade III or above, and the 
blood oxygen saturation was increased 
by more than 90%; No response: no 
relief or improvement in the symp-
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such as gender, age, body mass index (BMI), 
NYHAFC grade, hypertension and hyperlipid-
emia (P>0.05), as shown in Table 1.

Comparison of the pulmonary artery pressure 
and HR

We compared the pulmonary artery pressure 
and HR before and after the treatment between 
the two groups, and the results showed no sig-
nificant differences before the treatment. The 
pulmonary artery pressure and HRs in the two 
groups after one month of treatment were sig-
nificantly lower than they were before the treat-
ment, and the pulmonary artery pressure and 
HR in group A after one month of treatment 
were significantly lower than they were in group 
B (P<0.05), as shown in Figure 1.

Comparison of the cardiac function 

We compared the two groups’ cardiac function 
indexes (6MWD and RVEF) before and after 
treatment, and the results revealed no signifi-
cant differences in the 6MWD or RVEF levels 
before the treatment. The two groups’ 6MWD 
and RVEF levels after one month of treatment 

were significantly higher than they were before 
the treatment, and the two indexes in group A 
after one month of treatment were significantly 
higher than they were in group B (P<0.05), as 
shown in Figure 2.

Comparison of the two groups’ pulmonary 
function and blood gas indexes before and af-
ter the treatment

Before the treatment, there were no differenc-
es in the pulmonary function indexes (FEV1, 
FVC, FEV1/FVC) or the blood gas indexes (PaO2 
and PaCO2) between the two groups (all 
P>0.05), but after the treatment, the pulmo-
nary function and blood gas indexes of the 
patients in both groups were significantly 
improved, and group A showed higher levels of 
FEV1, FVC, FEV1/FVC, and PaO2 and a lower 
PaCO2 level than group B (all P<0.05), As shown 
in Figure 3.

Comparison of the inflammatory factors 

We compared the inflammatory cytokine (IL-13, 
IL-17 and CRP) levels in the two groups before 
and after the treatment, and the results showed 
no significant differences before the treatment. 
After one month of treatment, the IL-13, IL-17, 

Figure 1. The pulmonary artery pressures and the 
heart rates in the two groups of patients. A. Pulmo-
nary artery pressure: both groups of patients have 
significantly changed pulmonary artery pressure, 
and it was lower in group A than in group B after the 
treatment (P<0.05). B. Heart rate: both groups of 
patients have significantly changed heart rates, and 
they were lower in group A than in group B after the 
treatment (P<0.05). Notes: *P<0.05 vs. on admis-
sion, #P<0.05 vs. group B.

Figure 2. Cardiac function of two groups of patients. 
A. 6MWD: both groups of patients have significantly 
changed 6MWD, which was higher in group A than in 
group B after the treatment (P<0.05). B. RVEF: both 
groups of patients have significantly changed RVEF, 
which was higher in group A than in group B after the 
treatment (P<0.05). Notes: *P<0.05 vs. on admis-
sion, #P<0.05 vs. group B.
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and CRP levels in the two groups were signifi-
cantly lower than they were before the treat-
ment and were significantly lower in group A 
compared with group B (P<0.05), as shown in 
Figure 4.

Comparison of the total adverse reaction rates 

We compared the incidences of adverse reac-
tions in the two groups after the treatment, and 
the results showed that the total incidence of 
adverse reactions in group A was significantly 
lower than it was in group B (6% vs. 30%, 
P<0.05), as shown in Table 2.

Comparison of the ORR 

We compared the two groups’ ORR after the 
treatment, and the results showed that the 

ORR of the patients in group A was significantly 
higher than it was in group B (98% vs. 75%, 
P<0.05), as shown in Table 3.

Comparison of the nursing satisfaction levels

We compared the total effective rate of patients 
in the two groups after treatment, and the 
results showed that the total effective rate of 
patients in group A was significantly higher than 
that in group B (96% vs. 80%, P<0.05), as 
shown in Table 4.

Discussion

COPD is a systemic disease that predisposes to 
PAH and systemic inflammation, which in turn 
leads to respiratory distress and increased 
mortality [16, 17]. Treatment methods such as 

Figure 3. The pulmonary function and blood gas indexes of two groups of patients. A. FEV1: both groups of patients 
have significantly changed FEV1, which was higher in group A than in group B after the treatment (P<0.05). B. 
FVC: both groups of patients have significantly changed FVC, which was higher in group A than in group B after the 
treatment (P<0.05). C. FEV1/FVC: both groups of patients have significantly changed FEV1/FVC, which was higher 
in group A than in group B after the treatment (P<0.05). D. PaO2: there were significant changes in both groups in 
PaO2, and PaO2 in group A was higher than that in group B after treatment (P<0.05). E. PaCO2: there were significant 
changes in both groups in PaCO2, and PaCO2 in group A was lower than that in group B after treatment (P<0.05). 
Notes: *P<0.05 vs. on admission, #P<0.05 vs. group B.
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drugs, oxygen therapy and rehabilitation can 
relieve the symptoms of airflow limitation 
caused by COPD and PAH and alleviate the 
breathing difficulties [18]. In this study, we 
explored the impacts of bosentan in combina-
tion with sildenafil on COPD and HAP, specifi-
cally from the angles of the inflammatory  
reactions and the cardiac and pulmonary 
functions.

In terms of the cardiac and pulmonary func-
tions, the pulmonary artery pressure and HR, 
the recovery of cardiac function, the pulmonary 
function and blood gas indexes in group A 
(bosentan combined with sildenafil therapy) 
were better than they were in group B (bosen-
tan combined with iloprost solution for inhala-

tion therapy), and the pulmonary artery pres-
sure and HR in group A decreased faster. 
Iloprost drugs are sometimes used to treat 
patients with COPD and HAP, and in this study, 
iloprost solution for inhalation was used in the 
control group. While maintaining gas exchange, 
these drugs can effectively lead to pulmonary 
vasodilation, which has a certain effect on the 
recovery of pulmonary function [19]. However, 
with regard to drugs such as iloprost solution 
for inhalation, its effects on lowering blood 
pressure are limited, with relatively significant 
side effects [20]. Sildenafil, as a kind of PDE5i, 
has been proved to have a good clinical effec-
tiveness in the clinical studies of PAH treatment 
with fewer associated side effects [21]. By 
increasing intracellular circulation, it triggers 
pulmonary artery vasodilation, thereby reduc-
ing pulmonary artery pressure, dilating blood 
vessels, and increasing the blood flow to spe-
cific parts of the body [22, 23]. Bosentan can 
reduce pulmonary vascular resistance, improve 
the hemodynamic indexes, and enhance exer-
cise tolerance and the survival rate of patients 
[24, 25]. The combined treatment of the two 
drugs can not only remarkably reduce the pul-
monary artery blood pressure of patients, but it 
can also improve their exercise ability and ame-
liorate their cardiac function and symptoms of 
dyspnea [26, 27]. According to the above and 
the results of this study, we can see that 
although bosentan was used in both groups, 
group A had a better effect on vasodilation 
because sildenafil was used to reduce the pul-
monary artery pressure. The results imply that 
bosentan combined with sildenafil can strongly 
reduce the pulmonary artery pressure and 
improve the pulmonary function. Compared 
with group B, the patients in group A had a 
greater decrease in their pulmonary artery 
pressure, improved blood oxygen, a better HR 
recovery, and better recovery of cardiac and 
pulmonary functions. The results show that 
bosentan combined with sildenafil can better 
prevent and reduce the incidence of adverse 
cardiac events compared with bosentan com-
bined with iloprost. Therefore, we conclude that 
the ORR of the patients in group A is higher. The 
efficacy and safety of bosentan combined with 
sildenafil in the treatment of pulmonary hyper-
tension were also reported in the studies of 
Hoeper [28] and Verlinden [29]. They didn’t use 
iloprost as a control, so the potential mecha-
nism of bosentan combined with sildenafil for 

Figure 4. The inflammatory factor levels of the two 
groups of patients. A. IL-13: both groups of patients 
have significantly changed IL-13, which was lower in 
group A than in group B after treatment (P<0.05). 
B. IL-17: both groups of patients have significantly 
changed IL-17, which was lower in group A than in 
group B after treatment (P<0.05). C. CRP: both 
groups of patients have significantly changed CRP, 
which is lower in group A than in group B after treat-
ment (P<0.05). Notes: *P<0.05 vs. on admission, 
#P<0.05 vs. group B.
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better efficacy remains to be further explored, 
and there is no evidence of a comparative study 
of iloprost and sildenafil. But one thing is cer-
tain, this combination is related to a lower inci-
dence of complications. 

From the previous paragraph, we know that 
sildenafil and bosentan have fewer side effects 
than other drugs. According to a study [30], 
many cytokines are involved in the inflammato-
ry process of COPD, among which IL-13 is 
involved in the occurrence and development of 
COPD and is highly expressed in the serum of 
patients with COPD. The damage of vascular 
endothelial function caused by PAH can easily 
lead to the further deterioration of the disease, 
and the subsequent inflammatory reaction  
can aggravate the vascular injury. Endothelin 
receptor antagonists such as bosentan, and 
PDE5i like sildenafil, can effectively inhibit the 
inflammatory reaction and reduce the inflam-
matory factor levels by changing the hemody-
namics [31]. However, the results of this study 
showed that compared with group B, the inflam-
matory cytokines in group A were lower and  
the adverse reactions were also fewer. This 
suggests that the intervention of Bosentan 

clinical treatment. But there are still some 
shortcomings to be improved. At first, we did 
not record the degrees of cooperation and drug 
acceptance of the patients in detail, which is 
not conducive to the further improvement of 
the treatment plan. In addition, due to limited 
conditions, we did not measure some factors. 
In our future clinical research, we will take care 
of the patients’ feelings and further improve 
the treatment plan. Moreover, we will further 
improve the our study of the related factors to 
further analyze the pathological basis of the 
disease.

To sum up, the administration of bosentan 
combined with sildenafil in COPD patients with 
PAH can reduce their pulmonary artery pres-
sure and HR and promote the recovery of their 
cardiac and pulmonary functions, so it is safer 
and worthy of clinical promotion.
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Table 2. The incidences of adverse reactions in two groups
Classification Group A (n=50) Group B (n=40) X2 P
Flushing 1 (2.00) 4 (10.00) - -
Headache 0 (0.00) 1 (2.50)
Dizziness 1 (2.00) 6 (15.00) - -
Nausea 1 (2.00) 1 (2.50) - -
Adverse reaction rate (%) 3 (6.00) 12 (30.00) 9.22 0.002

Table 3. The overall response rates in the two groups
Classification Group A (n=50) Group B (n=40) X2 P
Marked response 32 (64.00) 18 (45.00) - -
Effective response 17 (34.00) 12 (30.00) - -
No response 1 (2.00) 10 (20.00) - -
ORR (%) 49 (98.00) 30 (75.00) 10.96 <0.001

Table 4. A comparison of nursing satisfaction levels in the two 
groups
Classification Group A (n=50) Group B (n=40) X2 P
Greatly satisfied 36 (72.00) 22 (55.00) - -
Satisfied 12 (24.00) 10 (25.00) - -
Dissatisfied 2 (4.00) 8 (20.00) - -
Satisfaction (%) 48 (96.00) 32 (80.00) 5.76 0.016

combined with sildenafil can 
better reduce the inflammato-
ry mediators in patients with 
fewer adverse reactions after 
intervention. In a study on  
pulmonary hypertension, pati- 
ents treated with the bosen-
tan and sildenafil were found 
to have higher safety profiles 
and more stable recoveries of 
their clinical symptoms [32], 
which is similar to this study. 
The total clinical effective-
ness rate of the patients in 
group A after the treatment 
were significantly higher than 
it was in group B, indicating 
that the combination of the 
two drugs not only had good 
efficacy, but also was relative-
ly safer. 

This study first compared  
the efficacy of bosentan com-
bined with sildenafil and 
bosentan combined with ilo-
prost in COPD with PAH, and it 
may provide a reference for 
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