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Objective: The aim of this study was to investigate the efficacy of Bosentan, an
endothelin antagonist of endothelin receptors, in patients with mild to moderate pulmonary
hypertension secondary to chronic obstructive pulmonary disease (COPD) and to prove
whether Bosentan is able to improve clinical, functional and hemodynamic functions in
patients affected by COPD and pulmonary hypertension.

Nasir Hussain,1 Faisal Faiyaz Zuberi,2 Kausar
Rehana,3 Saadia Ashraf,4 Anjum Naveed
Jamal,5 Shafi Khawar,6 Talat Mehmood,7
Neeta Maheshwary8

Material and methods: This was a prospective investigator initiated trial conducted at
multi center from May 2016 till August 2017. After ethics committee approval, 40 Patients
meeting the eligibility criteria were included in the study. Patients of both gender with
chronic obstructive pulmonary disease and mean pulmonary arterial pressure of >25mm Hg
were included in the study. Patients with group 1 pulmonary arterial hypertension, structural
lung disease, past history of tuberculosis and having any contraindication to Bosentan
monohydrate were excluded from the study. Total 40 patients were prescribed with 62.5 mg
of Bosentan monohydrate therapy twice daily for 4 weeks as per physician discretion. There
were 3 study visits performed: at baseline, at 4th week and at 12th week. After recording of
the demographic variables, primary and secondary outcomes were evaluated on each visit.
The mean pulmonary arterial pressure was assessed by trans-thoracic Echocardiography
using the gradient method. Data analysis was performed using SPSS version 20.0 Paired
t- test, and fisher exact test to assess the difference. The p-value of < 0.05 was considered as
significant.
Results: The mean age of the study participants was 59.31±9.23 years; mean height was
162.29±8.67cm where as mean weight was 62.94±18.01kg, with male to female ratio of
2:1. During observation of the patients before and after the treatment for 12 week duration,
the most significant finding was improvement in shortness of breath at rest (p=0.031) and
physical activity (p<0.001). The improvements were also observed in performing daily
(p=0.025) and social activities (p=0.046). The MMRC dyspnea scale grades of the patients
had significant difference before and after the treatment (p<0.01).The mean pulmonary
arterial pressure was performed in 28 patients. It was 52.26±11.7 mmHg before treatment
and after treatment it was 44.56±11.52 (p value=0.004). The six minute walk test was
performed in 15 patients. It was 164±94.79 meters before therapy and 223.93±138.24
meters after treatment. (p value=0.01). Only two cases were reported with side effects of
dyspnea and oral candidiasis.
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Conclusions: Even though it was an uncontrolled prospective study, Bosentan appeared
to be effective in the treatment of dyspnea, limitation in physical activities, pulmonary
hypertension and inability to walk due to shortness of breath in patients of chronic
obstructive pulmonary disease suffering from pulmonary hypertension.
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Introduction
The chronic obstructive pulmonary disease (COPD) usually results
in pulmonary hypertension (PH) and about 40% of patients with COPD
suffer from pulmonary hypertension during the course of their illness,
that results in worsened prognosis of the disease.1,2 Some studies have
defined PH as a PAP >25mm Hg.3,4 Most patients of COPD develop
mild to moderate PH with only slight degree of elevation in PAP.5 PH
is an essential prognostic factor in determining the course of illness
in a patient suffering from COPD.5,6 In fact, some studies suggest that
the severity of elevated levels of PAP is a more reliable predictor of
prognosis in COPD patients in comparison to FEV1, hypoxemia or

Submit Manuscript | http://medcraveonline.com

J Lung Pulm Respir Res. 2018;5(2):67‒72

hypercapnia.6,7 It has been found that COPD patients who have PAP of
>18mm Hg, are more often admitted to hospital due to exacerbations
of their condition as compared to those having a mean PAP of <18mm
Hg.5 The exacerbations of COPD in patients with PH are responsible
for an increase in mortality and morbidity.8
PH worsens the condition of patients with severe COPD especially
after hypoxemic respiratory insufficiency. Long term therapy with
oxygen is considered to be the choice of treatment as there is lack
of availability of an approved drug for COPD-induced PH. The goal
of the oxygen therapy is to reverse hypoxemic vasospasm which
is caused by acute hypoxemia that results in worsening of PH in
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patients with COPD.9,10 When this state of hypoxemia becomes long
standing, structural changes in the pulmonary arterioles take place.
These changes are characterized by the thickening of the pulmonary
arterioles in the tunica media, intimal multiplying and tendency for
native thrombosis.8,10 A study showed that due to these structural
changes in pulmonary arterioles caused by long standing hypoxemia
in COPD patients, pulmonary hypertension can become a critical
problem that are refractory to oxygen therapy and vasodilators.11 It
is predicted that even though PH is caused owing to the damage of
capillary architecture in patients with COPD, however, increased
levels of PAP are not related with oxygen therapy in patients with
severe COPD. However, it is related with raised pulmonary wedge
pressure revealing left diastolic malfunction in spite of conservation
of systolic ventricular function.12 PH induced by aberrant vascular
remodeling in cigarette smokers has been reported and a association
with minor airway disease and other COPD conditions such as
emphysema established.13 Nevertheless, it remains unclear whether
severe PH in the above quoted conditions is secondary to primary
idiopathic pulmonary arterial hypertension (PAH) or COPD.6

primary and secondary outcome were evaluated on each visit. The
primary outcomes comprised of change from base line to 12th week
in exercise capacity, indicated by the distance a patient could walk
in six minutes (6min Walk Test), dyspnea score and clinical COPD
questionnaire and modified medical research council (MMRC)
dyspnea scale. The MMRC scale was classified through breathlessness
on strenuous exercise, short of breath when hurrying or walking a
slight hill, walk slower than others, stop every 100 meters or after few
minutes, severe breathlessness as grade 0, 1, 2, 3 and 4 respectively.
Similarly, the secondary outcomes consisted of change of PAP at 12th
week and observation of adverse events and serious adverse events.
The PAP was assessed by Echocardiography performed at different
hospitals including Pakistan Institute of Medical Sciences; Shaheed
Zulfiqar Ali Bhutto Medical University, Khyber Teaching Hospital;
Peshawar and Multan health care. Apart from Bosentan, no other
intervention was done other than oxygen repletion therapy during the
study period.

As cited above, there is no appropriate drug existing for COPDinduced PH, therefore the first line treatment in patients with PH
occurring secondary to COPD and hypoxemia, is to treat the underlying
disease and administer oxygen therapy.14,15 Vasodilators have been
found to be beneficial only in patients with severe PH secondary
to COPD, with only mild to moderate ventilatory impairment
and dysfunction.7 Nevertheless, stated beneficial properties of the
administered vasoactive medications are unreliable and dependable
statistics validating this declaration are absent.4,16,17

The data analysis was performed by SPSS version 20.0. The
quantitative data was presented as mean and standard deviation.
Similarly the qualitative data was presented as frequency and
percentages. Bar graph was used to express the qualitative data. Paired
t- test and fisher exact test were used to assess the difference. The p-value
of <0.05 was taken as significant.

It has been suggested to treat the hypoxemia secondary to COPD,
by keeping a state of balance within the endothelial system that may
delay or even prevent the vascular remodeling.1 Endothelin is regarded
as an endothelial paracrine intermediary that is accountable for
pulmonary arterial hypertension. The levels of endothelin in patients
with COPD are elevated specifically during an exacerbation.18,19 Thus,
the main factor that is responsible for vascular remodeling might
be endothelin, since this peptide induces the spread of myocytes
in the tunica adventitia of the pulmonary arterioles and also causes
fibrosis and spread of endothelial cells in the tunica adventitia.19,20 The
purpose of this study was to investigate the efficiency of Bosentan,
an endothelin receptors antagonist, in patients with mild to moderate
pulmonary hypertension (PH) secondary to chronic obstructive
pulmonary disease (COPD) and to prove whether Bosentan is capable
to recover hemodynamic and clinical features.

Methodology
This was a prospective investigator initiated trial conducted at multi
center from May 2016 till August 2017. A total of 40 patients meeting
the eligibility criteria were incorporated in the study using convenient
sampling technique. Patients of both gender with chronic obstructive
pulmonary disease and pulmonary arterial pressure of >25mm Hg
were included in the study. Patients with group 1 pulmonary arterial
hypertension, structural lung disease, past history of tuberculosis and
having contradiction to any of the products of Bosentan monohydrate
were excluded from the study.
Total 40 patients were prescribed with 62.5mg of Bosentan
monohydrate therapy twice daily for 4 weeks as per physician
discretion. There were 3 study visits performed: at baseline, at 4th
week and at 12th week. After recording of the demographic variables,

Data analysis

Results
5 patients did not complete the study visits and thus were excluded
from the analysis. Out of total 35 patients selected for the analysis,
the mean age was 59.31±9.23 years, height was 162.29±8.67 cm and
weight was 62.94±18.01 kg with male to female ratio of 2:1 (Table 1).
Table1 Participants Profile
Variables (n=35)

Mean±SD/Frequency (%)

Age (years)

59.31±9.23

Height (cm)

162.29±8.67

Weight (Kg)

62.94±18.01

Gender

History of
smoking

Male

22(62.8%)

Female

13(37.2%)

Never smokes

10(28.6%)

Former smoker

17(48.5 %)

Current Smoker

8(22.9%)

For the observation of the patient before and after the treatment
for 12 week duration, the most significant finding was improvement
in shortness of breath during at rest (p=0.031) and physical activity
(p<0.001) which is the most common and aggravating symptom
that aggravate the condition of patient. The improvements were also
observed in performing daily (p=0.025) and social activities (p=0.046)
(Table 2).
The MMRC dyspnea scale grades of the patients had significant
difference before and after the treatment (p<0.01), and was found to
be 0(0%), 3(8.6%), 10(28.6%), 14(40%), and 8 (22.9%) patients in
grade 1, 2, 3, 4 and 5 respectively before treatment. Similarly after
treatment it was found in 1(2.9), 6(17.1%), 13(37.1), 9(25.7%) and
6(17.1%) patients respectively (Figure 1).
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Table 2 Clinical COPD questionnaire before and after treatment (n=35)
On average, during the past
seven days, how often did
you feel:
Baseline
1. Short breath at
rest?
12th week

2. Short of breath
doing physical
activities?

3. Concerned
about getting
a cold or your
breathing getting
worse?
4. Depressed
(down) because
of your breathing
problems?

Baseline

12th week

Baseline

12th week

Baseline

12th week

Never

Hardly
ever

A few
times

Several
times

Many
times

A great
many times

Almost
all the
times

n

2

5

6

6

11

3

2

%

5.7

14.3

17.1

17.1

31.4

8.6

5.7

n

5

5

12

5

4

3

1

%

14.3

14.3

34.3

14.3

11.4

8.6

2.9

n

0

1

3

6

12

7

6

%

0

2.9

8.6

17.1

34.3

20

17.1

n

1

2

7

16

3

4

2

%

2.9

5.7

20

45.7

8.6

11.4

5.7

n

5

3

4

6

10

4

3

%

14.3

8.6

11.4

17.1

28.6

11.4

8.6

n

6

9

6

7

2

4

1

%

17.1

25.7

17.1

20

5.7

11.4

2.9

n

5

7

4

4

9

2

4

%

14.3

20

11.4

11.4

25.7

5.7

11.4

n

12

7

7

0

4

1

4

%

34.3

20

20

0

11.4

2.9

11.4

n

0

1

4

9

8

7

6

%

0

2.9

11.4

25.7

22.9

20

17.1

n

2

10

5

7

2

8

1

%

5.7

28.6

14.3

20

5.7

22.9

2.9

n

1

2

10

3

7

6

6

%

2.9

5.7

28.6

8.6

20

17.1

17.1

n

4

8

6

3

2

9

3

%

11.4

22.9

17.1

8.6

5.7

25.7

8.6

Not
limited
at all

Very
slightly
limited

Slightly
limited

Moderately
limited

Very
limited

Extremely
limited

Totally
limited

n

0

0

1

4

12

3

15

%

0

0

2.9

11.4

34.3

8.6

42.9

n

0

1

8

9

3

7

7

%

0

2.9

22.9

25.7

8.6

20

20

n

0

0

3

9

8

10

5

%

0

0

8.6

25.7

22.9

28.6

14.3

n

1

2

7

10

6

4

5

%

2.9

5.7

20

28.6

17.1

11.4

14.3

P-value

0.031

<0.001

0.108

0.07

In general, during the
24hours, how much of the
time
Baseline
5. Did you cough?
12 week
th

Baseline
6. Did you
produce phlegm?
12 week
th

On average, during the
past 24 hours, how limited
were you in these activities
because of your breathing
problems
7. Strenuous
physical activities
(such as climbing
stairs, hurrying,
doing sport)?

Baseline

8a. Moderate
physical activities
(such as walking,
housework,
carrying things)?

Baseline

12 week

0.362

0.314

P-value

0.532

th

12th week

0.152
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Table Continued
On average, during the past
seven days, how often did
you feel:
8b.Daily activities
at home (such as
dressing, washing
yourself)?
8c.Social activities
(such as talking,
being with
children, visiting
friends/relatives?

Baseline

12th week

Baseline

12th week

Never

Hardly
ever

A few
times

Several
times

Many
times

A great
many times

Almost
all the
times

n

3

1

9

8

6

5

3

%

8.6

2.9

25.7

22.9

17.1

14.3

8.6

n

8

6

8

5

3

3

2

%

22.9

17.1

22.9

14.3

8.6

8.6

5.7

n

4

6

8

4

3

5

5

%

11.4

17.1

22.9

11.4

8.6

14.3

14.3

n

12

15

2

0

1

4

1

%

34.3

42.6

5.7

0

2.9

11.4

2.9

P-value

0.025

0.046

Fisher Exact test was used to assess the significance

The mean pulmonary arterial pressure was performed in 28
patients out of the total of 35 patients who strictly fulfilled the
inclusion criteria. It was 52.26±11.7 mmHg before treatment and
after treatment it was 44.56±11.52 with a significant difference (p
value=0.004). The six minute walk test was performed in 15 patients.
The distance covered by the patient was increased after the therapy.

It was 164±94.79 meters before therapy and 223.93±138.24 meters
after treatment with a significant difference (p value=0.01) (Table 3).
There were no reports of serious adverse events during the course of
the study. However two patients reported side effects of dyspnea and
oral candidiasis during the study.

Table 3 Comparison of pulmonary arterial pressure and six minute walk test before and after treatment
Variables
Pulmonary arterial pressure
(mmHg)(n=28)
6 min walk test (meters)(n=15)

Range

Minimum

Maximum

Mean

STD

Baseline

40

25

65

52.26

11.7

12th week

45

20

65

44.56

11.52

Baseline

269

46

315

164.4

94.79

12 week

397

53

450

223.93

138.24

th

P-value
0.004

0.01

Paired t-test was used to assess the significance

study findings revealing the effectiveness of Bosentan in treating
pulmonary hypertension, breathing difficulties and physical inabilities
in patients of COPD is well in line with published literature.21‒35

Figure 1 MMRC dyspnea Scale before and after the therapy.

Discussion
The study findings revealed that the breathlessness of the study
participants as defined by the MMRC Dyspnea Scale was significantly
improved after administration of the Bosentan. Moreover, the study
results also showed that the mean pulmonary arterial pressure was
significantly reduced whereas the mean distance on 6 minutes’ walk
test was significantly increased after administration of Bosentan. The

Galie N et al.14 reported mean pulmonary vascular resistance to
be 83.2% of the standard level in patients treated with bosentan and
107.5% of the standard value in the placebo group (therapy effective
-22.6%, 95% CI -33.5 to -10.0; p<0.0001) following 6 months of
treatment.21 Likewise, Sitbon O et al.22 reported that patients who
have started Bosentan therapy enhanced their walking interval by
45±13 m after 6 months of treatment whereas prolong treatment
with Bosentan for more than 1 year was associated with better
hemodynamic parameters and modified NYHA functional class.22
Ulrich S et al.23 also reported that following six months of therapy
with bosentan, the pulmonary vascular resistance reduced from 852 to
657 dynes s/cm5 (p=0.02), standard of living got better from a mean
total score of 48 to 35 (p=0.003) and the 6 minutes’ walk distance
enhanced from 389 to 443 meters (p=0.005).23 Similarly, Valerio G et
al.1 reported 18 months of Bosentan treatment to result in a significant
improvement of pulmonary hypertension from 37+5 to 31+6 mmHg
(p=0.002), pulmonary vascular resistance from 442+192 to 392+180
dynes s/cm5 (p=0.0115) and 6 minutes’ walk distance from 256+118
to 321+122 meters (p=0.0027).1 Channick RN et al.9 also found that in
patients treated with Bosentan, the walking interval in 6min enhanced
by 70 m at 12 weeks in contrast with standard level, however it got
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worst by 6m in those on placebo (p=0·021), pulmonary vascular
resistance reduced by 223 dynes s/cm5 with Bosentan and by 191
dynes s/cm2 with placebo (p=0·0002) whereas the patients who were
given Bosentan had a decrease in Borg dyspnea index and a better
WHO functional class as well.9 Similarly, Jais X et al.24 reported a
statistically important effects of treatment with Bosentan over placebo
on pulmonary vascular resistance (p<0.0001).24 Williamson DJ et
al.25 also reported Bosentan infusion to cause a dose-dependent fall
in total pulmonary resistance (p=0.01) and mean pulmonary artery
pressure (p>0.05).25 Likewise, Rubin LJ et al.26 reported at week 16
of treatment, patients on Bosentan had an improvement in six-minute
walking interval; the mean difference between the placebo group
and the combined Bosentan groups was 44 m (p<0.001) whereas
Bosentan also enhanced the Borg dyspnea index (p= 0.42 for 125mg
dose and p=0.012 for 250mg dose) and WHO functional class.26
Similarly, Hoeper MM et al.27 reported that following 3 months of
therapy with Bosentan, pulmonary vascular resistance reduced from
914±329 to 611±220 dynes s/cm5 (p<0.001) whereas the 6-min walk
distance increased from 340±102 to 413±130 meters (p=0.009).27
Hughes RJ et al.28 also found that after 1 year of Bosentan therapy,
patients showed sustained improvements in 6-min walk test (49±8
m, p<0.001), functional classification and total pulmonary resistance
(-139±42 dynes s/cm5, p=0.003).28 Likewise, Provencher S et al.29
reported that after 4 and 12 months of Bosentan treatment, notable
enhancement in exercise capacity and hemodynamics were witnessed
which continued up to 1 year.29
The evidence cited above consistently shows that Bosentan
has been repeatedly proven to be an effective treatment for COPD
associated pulmonary manifestations, strongly supporting the findings
of this study with the reduction of pulmonary arterial pressure from
52.26mm Hg to 44.56mm Hg (p=0.004) and improvement in the
MMRC and dyspnea scale.
In addition to Bosentan monotherapy as in this study, it has also
shown its effectiveness in the treatment of pulmonary hypertension
when used in combination with prostaglandins. Hoeper MM et al.,30
found that giving Bosentan for 3 months in addition to prostanoids
resulted in the walking interval in the 6-min walk test increasing
by 58±43m.30 Humbert M et al.31 also reported that hemodynamics,
exercise capacity and functional class got better after16 weeks of
Bosentan combination therapy with epo-prostenol.31
Similar to its effectiveness intreating pulmonary hypertension in
adults, Bosentan has been shown to have beneficial effects in children
as well. Rosenzweig EB et al.32 found that treatment with Bosentan in
children having pulmonary arterial hypertension resulted in reduced
mean pulmonary artery pressure (p=0.005) and pulmonary vascular
resistance (p=0.01).32 Barst RJ et al.33 also reported that following 12
weeks of treating children with pulmonary arterial hypertension, the
mean difference from baseline in mean pulmonary artery pressure was
-8.0 mm Hg (95% confidence interval, -12.2 to -3.7mm Hg), and that
in pulmonary vascular resistance index was -300 dynes s/cm5 (95%
confidence interval, -576 to -24 dynes s/cm5.33
Though not one of the outcomes measures in this study and apart
from its beneficial impact on pulmonary hypertension, pulmonary
vascular resistance, breathing problems and physical inabilities
discussed above, Bosentan treatment, either as mono or combination
therapy, has also been reported to result in increased survival among
patients having primary pulmonary hypertension as measured by
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Kaplan-Meier survival estimates.29,34,35 The assistances of this study
are that our suitable collection methodology and selection for this rare
disease has qualified that we have appraised the accounts of extensive
range patients of pulmonary hypertension. However, the study might
not be immune from observer and recall bias. Reflecting the outcomes
of patients after the treatment with Bosentan and to what range they are
dependable with other treatment options for pulmonary hypertension
and accounting the concomitant medicine used by the patients would
be illuminating and valuable to homogenize the misconceptions about
the treatment of the disease.

Conclusion
Even though it was an uncontrolled prospective study, Bosentan
appeared to be effective in the treatment of dyspnea, limitation in
physical activities, pulmonary hypertension and inability to walk due
to shortness of breath in patients of chronic obstructive pulmonary
disease suffering from pulmonary hypertension. Keeping the limitation
of this study in mind, further studies focusing on the effectiveness of
Bosentan in treating other manifestations of pulmonary hypertension
in such patients are recommended to add weight to the findings of
this study.
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