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Abstract: Pulmonary hypertension is characterized by an increase in mean pulmonary arterial 

pressure and right ventricular overload. Endothelin-1 (ET-1) is a potent vasoconstrictor with an 

important role in the pathogenesis of pulmonary hypertension. In addition to its vasoconstrictive 

action, ET-1 also stimulates cell proliferation, fibrosis, and inflammation. The blockade of both 

receptors involved in the action of ET-1 is beneficial in the treatment of pulmonary hyperten-

sion. The use of endothelin dual receptor blockade leads to improvements in quality of life, 

functional capacity, and pulmonary hemodynamics in affected patients. This article reviews 

the importance of ET-1 in the pathogenesis of pulmonary hypertension and demonstrates the 

benefits of blockage of the action of ET-1 in this disease.

Keywords: pulmonary hypertension treatment, endothelin-1, endothelin receptor blockage, 

bosentan

Introduction
Pulmonary hypertension is characterized by an increase in mean pulmonary arterial 

pressure of more than 25 mmHg leading to right ventricular overload. Patients usually 

present with dyspnea and angina with exercise, and syncope, and there is a significant 

impact on functional capacity and quality of life.1 Without treatment, right ventricular 

failure and death are the natural course of the disease.

Pulmonary arterial hypertension (PAH) is the term reserved for cases of pulmonary 

hypertension that are idiopathic, familial, drug or toxin-induced, or associated with other 

diseases, including connective tissue disease, human immunodeficiency virus (HIV) infec-

tion, portal hypertension, congenital heart disease, schistosomiasis, chronic hemolytic 

anemia, and pulmonary veno-occlusive disease.2 Pulmonary hypertension can develop 

secondary to left heart disease, hypoxia, and lung disease, chronic thromboembolic disease, 

and pulmonary hypertension with unclear multifactorial mechanisms (Table 1).

Pulmonary arterial hypertension
In the past 10 years, there have been significant improvements in understanding the 

pathophysiology of PAH. Typically, pathologic findings of PAH are medial and intimal 

thickening, characterized by proliferation of smooth muscle cells and development 

of plexiform lesions. The presence and role of inflammatory infiltrates surrounding 

the vascular lesions has been increasingly recognized in recent years.3 Nevertheless, 

endothelial dysfunction is one of the main pathophysiologic mechanisms associated 

with PAH development and progression, resulting in a decrease in  vasodilatory and 
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antiproliferative factors (prostacyclin, nitric oxide) and 

in an increase in vasoconstrictor and proliferative factors 

(endothelin-1).4 Endothelin is considered to be the most 

potent endogenous vasoconstrictor identified to date, and 

has a significant role in the pathogenesis of PAH.5–7 In addi-

tion to its vasoconstrictive effects, endothelin is also known 

to stimulate cellular proliferation, to increase secretion of 

vascular endothelial growth factor (known for its angiogenic 

activity), and to promote cellular migration.8,9 Endothelin is 

also involved in promoting fibrosis and inflammation.10,11

Endothelin is mainly produced by endothelial cells, but 

other cells, including smooth muscle cells, fibroblasts, car-

diomyocytes, and mesangial cells are involved in its produc-

tion, although to a lesser extent. Endothelin is synthesized 

from the precursor, preproendothelin, which is cleaved into 

inactive proendothelin (usually referred to as bigendothelin). 

Bigendothelin is then converted into the active molecule by 

endothelin-converting enzymes. Three molecules have been 

described in humans, ie, endothelin-1 (ET-1), endothelin-2, 

and endothelin-3. The pulmonary circulation is the most 

important site of both production and clearance of ET-1.12 

Endothelin-2 has minimal activity in the lung, and the role 

of endothelin-3 is less well understood. Pharmacologically, 

ET-1 is the most potent member of the endothelin family 

and is known to play a critical role in cell proliferation, 

fibrosis, and inflammation, all of which are relevant to the 

pathophysiology of PAH (see Figure 1).4,6,13

ET-1 levels are markedly increased in pulmonary hyper-

tension. In an experimental monocrotalin-induced rat model 

of PAH, ET-1 concentrations in lung perfusate and serum 

were significantly increased as compared with controls.7,14 

Similar results were found in humans, with different stud-

ies demonstrating a significantly increased expression of 

ET-1 in lung and blood samples of patients with PAH as 

compared with controls.15–17 One study also demonstrated 

an increased gradient of ET-1 from the right ventricle to 

pulmonary venous blood in patients with PAH that was not 

present in patients with normal pulmonary artery pressures. 

These data suggest that there is an increased pulmonary 

production of ET-1 in patients with PAH.18 ET-1 was also 

significantly correlated with right atrial pressure, pulmo-

nary artery oxygen saturation, and brain natriuretic peptide 

levels, which are known markers of severity and prognosis 

of PAH.17,19

ET-1 acts via two different receptors, endothelin receptor 

A (ET
A
) and endothelin receptor B (ET

B
). ET

A
 receptors are 

found in greater quantity in the proximal pulmonary arteries, 

while ET
B
 receptors increase in proportion in distal pulmo-

nary arteries and are also present in venous smooth muscle 

cells.20 Endothelin receptors are G-protein-coupled receptors. 

When endothelin binds to the receptor, phospholipase C is 

activated and diacylglycerol and inositol triphosphate are 

released from the plasma membrane. Inositol triphosphate 

activates release of calcium from the endoplasmic reticu-

lum and this contributes to smooth muscle cell contraction. 

Protein kinase C activation, on the other hand, is associated 

with stimulation of cellular proliferation and hypertrophy, 

as well as inhibition of apoptosis.

While the vasoactive and proliferative effects of stimula-

tion of ET
A
 receptors are well established, the role of ET

B
 

receptors is more controversial. ET
B
 receptor activation 

promotes vasodilatation via induction of nitric oxide and 

prostacyclin release, and is also associated with negative 

feedback in ET-1 synthesis. ET
B
 receptors are also believed 

to be responsible for the clearance of ET-1. However, these 

actions are attributed to ET
B
 receptors in endothelial cells, 

while the stimulation of the same receptors in smooth muscle 

cells is associated with vasoconstriction. In humans, it has 

been demonstrated that the specific stimulation of ET
B
 

receptors causes vasoconstriction, proliferation of pulmo-

nary artery smooth muscle cells, and increased collagen 

production.20

Dual endothelin receptor blockade has demonstrated 

effectiveness in preclinical studies using experimental 

models of pulmonary hypertension. In a monocrotalin rat 

model of disease, administration of endothelin receptor 

blockers prevented development of pulmonary hypertension 

Table 1 Clinical classification of pulmonary hypertension

Pulmonary arterial hypertension
 idiopathic

 Heritable
 Drug- and toxin-induced
  Associated with connective tissue disease, human immunodeficiency 

infection, portal hypertension, congenital heart disease, 
schistosomiasis, and chronic hemolytic anemia

 Persistent pulmonary hypertension of the newborn
  Pulmonary veno-occlusive disease and/or pulmonary capillary  

hemangiomatosis
Pulmonary hypertension owing to left heart disease
Pulmonary hypertension owing to lung disease and/or hypoxia
Chronic thromboembolic pulmonary hypertension
Pulmonary hypertension with unclear multifactorial mechanisms
 Myeloproliferative disorders, splenectomy
 Sarcoidosis, pulmonary Langerhans cell histiocytosis
 Glycogen storage disease, Gaucher’s disease, thyroid disorders
  Tumoral obstruction, fibrosing mediastinitis, chronic renal failure on 

dialysis
Notes: Copyright © 2009, American College of Cardiology. Adapted with permission 
from Simonneau G, Robbins IM, Beghetti M, et al. Updated clinical classification of 
pulmonary hypertension. J Am Coll Cardiol. 2009;54 (1 Suppl S):S43–S54.
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and right ventricular hypertrophy.21,22 In a study by Chen 

et al, an endothelin receptor antagonist was given after rats 

had developed pulmonary hypertension, and regression of 

pulmonary wall thickness and right ventricular hypertrophy 

was observed with treatment. In summary, these experimental 

studies demonstrated that blockade of endothelin receptors 

could prevent induction of pulmonary hypertension and could 

improve hemodynamics and ventricular remodeling.23

Favorable results in animal models and demonstration 

of increased ET-1 levels in patients with PAH led to evalu-

ation of endothelin receptor blockade in patients with pul-

monary hypertension. Currently, there are three endothelin 

receptor blockers licensed for clinical use, ie, bosentan, a 

nonselective ET
A
/ET

B
 receptor antagonist (dual receptor 

blockade), and sitaxsentan and ambrisentan, both selective 

ET
A
 antagonists.

The effect of endothelin receptor blockade on ET-1 serum 

levels was studied. Administration of bosentan did not 

increase ET-1 levels in normal individuals. In patients with 

pulmonary hypertension, however, the baseline levels of 

ET-1, which were already increased compared with placebo, 

increased even further in the 24 hours after administration 

of bosentan. The peak occurred at 7.4  ± 2.1 hours, and the 

mean change in ET-1 concentration at peak was 81 ± 11%.19,24 

When patients were re-evaluated after four weeks of bosentan 

therapy, it was demonstrated that patients had different out-

comes according to the percent change in endothelin levels 

24 hours after the administration of bosentan. The group 

with the higher change demonstrated a significant increase 

in functional class and a significant decrease in brain natri-

uretic peptide levels when compared with the group with 

the lower change. Thus, the percent change of ET-1 levels in 

the 24 hours after administration of bosentan might predict 

responsiveness to chronic bosentan treatment. This transient 

increase in ET-1 levels after administration of bosentan is 

considered to be related to ET
B
 receptor blockade, which is 

involved in ET-1 clearance.

Some experimental studies have demonstrated a benefit of 

dual receptor blockade as compared with selective blockade. 

In a study by Salani et al, blockade of ET
A
 receptors led to 

a reduction in endothelial cell migration of approximately 

25%, but the addition of ET
B
 receptor antagonist deter-

mined a higher inhibition of cell migration, increasing it 

to 50%.8 Furthermore, Davie et al demonstrated that when 

Endothelial cell

Smooth muscle cell

Fibroblast

Proliferation

Prepro-ET

Pro-ET = Big-ET
ECE

Endothelin-1

Endothelin-1

ETB

ETB

ETB

ETA

ETA

Fibrosis
increase collagen

Proliferation
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Figure 1 endothelin production and action in pulmonary hypertension.
Abbreviations: prepro-eT, preproendothelin; pro-eT, proendothelin; big-eT, bigendothelin; eCe, endothelin-converting enzyme; eTA, endothelin receptor A; eTB, 
endothelin receptor B.
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 pulmonary artery smooth muscle cells were stimulated with 

ET-1, blocking of ET
A
 receptors led to a reduction in cellular 

proliferation, and also showed that blocking both types of 

receptors reduced cell proliferation even further.20 Using a 

monocrotalin rat model of disease, Jasmin et al compared 

the action of a nonselective ET
A
/ET

B
 receptor antagonist with 

a selective ET
A
 receptor antagonist.25 The administration of 

both antagonists lead to similar improvements in hemody-

namic indices. However, only dual blockade demonstrated 

a significant reduction in right ventricular hypertrophy, an 

increase in systemic arterial pressure, and a decrease in 

mortality. These experimental studies suggest a benefit of 

dual receptor blockade over selective blockade.

Bosentan for PAH
The first study to confirm the hemodynamic effects of dual 

endothelin receptor blockade by bosentan in PAH patients 

used intravenous bosentan in increasing doses. A significant 

decrease of mean pulmonary arterial pressure in a dose-

dependent manner, together with a nonsignificant increase 

in cardiac output, was demonstrated.26

In a randomized, placebo-controlled trial, Channick et al 

demonstrated that oral bosentan conferred the same hemo-

dynamic effects, with a decrease in mean pulmonary arterial 

pressure, pulmonary vascular resistance, and right atrial pres-

sure, and without a significant decrease in systemic vascular 

resistance.27 After 12 weeks of treatment, there was also an 

increase in walking distance on the six-minute walking test 

(6MWD) in the treated group, while deterioration occurred 

in the placebo group. The treated group also had a significant 

improvement in New York Heart Association functional 

class and Borg dyspnea index, as well as an increase in time 

to clinical worsening. The drug was well tolerated, with an 

increase in liver enzymes in approximately 10% of patients 

that returned to normal after discontinuation of the drug. 

This was the first double-blind, placebo-controlled trial to 

demonstrate the beneficial effects of bosentan. However, the 

sample size was small, preventing further data analysis.

The BREATHE-1 (Bosentan Randomized trial of 

Endothelin Antagonist THErapy for pulmonary hyperten-

sion) trial, which included 213 patients, compared two dif-

ferent doses of bosentan and placebo in patients with PAH 

in functional classes III and IV.28 This study confirmed 

the clinical benefits of this therapy in PAH patients. The 

bosentan-treated group had a significant increase in 6MWD 

of 44 m and a significant decrease in the Borg dyspnea index. 

By contrast, there was a decrease in 6MWD and an increase 

in Borg dyspnea index in the placebo group.

The BREATHE-1 trial compared two different doses of 

bosentan, ie, 250 mg twice daily and 125 mg twice daily. 

In the group receiving 250 mg, there was a significant 

increase in 6MWD and improvement in functional class when 

compared with the 125 mg group. However, when adverse 

effects were analyzed, use of 250 mg twice daily was associ-

ated with a significant increase in liver enzymes. An increase 

in hepatic aminotransferase levels to more then eight times 

the upper limit of normal was observed in five patients from 

the 250 mg group and in two patients from the 125 mg group. 

In spite of the better clinical outcomes with 250 mg twice 

daily, the dose of 125 mg is thus the dose recommended in 

order to reduce the risk of hepatic impairment.28

A subsequent study found that bosentan also led to 

improvement in quality of life as assessed by the SF-36 

health-related quality of life questionnaire, and reductions 

in NT-proBNP (NT-probrain natriuretic peptide) levels after 

16 weeks of treatment.29

Although the hemodynamic, clinical, and functional 

benefits of bosentan for PAH were confirmed in the pre-

viously mentioned studies, data regarding the long-term 

effects of dual endothelin receptor blockade were still lack-

ing. Subsequent uncontrolled studies attempted to establish 

the impact of bosentan on mortality in PAH. Survival of 

bosentan-treated patients was first compared with that of 

patients treated with epoprostenol, the only drug shown to 

increase survival in patients with PAH at that time. A retro-

spective study demonstrated that patients receiving bosentan 

had similar or increased survival, in a different analysis 

performed to avoid bias.30 Another study compared survival 

of patients who received bosentan with predicted survival 

according to the National Institutes of Health equation for 

nontreated PAH.31 Furthermore, an increase in survival was 

also demonstrated in patients treated with bosentan when 

compared with historic data.32,33

Notwithstanding the high mortality rate of untreated 

patients, there are numerous difficulties associated with 

designing studies to evaluate the effect of any specific PAH 

treatment on survival, from the sample size needed to the 

ethical impossibility of comparing an investigational therapy 

with placebo. Thus, almost all of the available data come 

from retrospective studies. Even so, the existing data seem 

robust enough to support the contention that dual blockade 

of endothelin receptors improves survival in PAH.

Improvements with bosentan treatment in PAH were 

also observed in imaging studies. Galie et at demonstrated 

improvements in echocardiographic variables after 16 weeks 

of bosentan use.34 Patients in the treated group had a significant 
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decrease in right ventricular dilatation and increase in left ven-

tricular size, stroke volume, and cardiac index when compared 

with the placebo group. Right ventricular ejection fraction also 

improved in the group treated with bosentan. In a study that 

compared cardiac magnetic resonance images before and after 

12 months of bosentan therapy, patients who had an increase 

in right ventricular ejection fraction had a more pronounced 

increase in 6MWD.35 Patients treated with bosentan also dem-

onstrated a trend towards increased stroke volume.

Bosentan for PAH subgroups
Treatment of PAH associated with portal hypertension (ie, 

portopulmonary hypertension), HIV infection, and congenital 

heart disease has also been evaluated in separate studies. 

Portopulmonary hypertension is of special concern because 

an increase in liver enzymes is a common adverse effect 

with endothelin receptor antagonist therapy. To address this 

problem, a study was conducted in patients with portopulmo-

nary hypertension, in which 11 patients received bosentan 

and were followed for a period of 12 months.36 All patients 

had an improvement in exercise capacity, with an increase 

in 6MWD and increased maximum oxygen consumption, as 

measured by cardiopulmonary exercise testing. Six of the 11 

patients had improvement in functional class. Hemodynamic 

profile also improved overall, with a significant increase in 

cardiac index and stroke volume and a concomitant decrease 

in pulmonary vascular resistance. Treatment with bosentan 

was well tolerated with no liver toxicity. This study demon-

strated that bosentan may be an effective and safe therapeutic 

alternative for patients with portopulmonary hypertension.

For patients with PAH associated with Eisenmenger 

syndrome, results from a multicenter, randomized, placebo-

controlled trial also demonstrated the efficacy of bosentan.37 

In this study, 37 patients receiving bosentan were compared 

with 17 receiving placebo, with hemodynamic and functional 

data evaluated pre- and post-treatment. Patients treated with 

bosentan did not show a reduction in oxygen saturation, 

confirming that bosentan does not impact systemic arterial 

oxygen levels in this population. There was a significant 

reduction in mean pulmonary arterial pressure and pulmo-

nary vascular resistance, although a concomitant reduction 

in mean systemic arterial pressure was also observed. The 

6MWD significantly increased in the treated group. Treat-

ment was well tolerated, and bosentan is now approved for 

treatment of PAH in patients with Eisenmenger syndrome.

The use of bosentan was also demonstrated to be benefi-

cial for patients with PAH associated with HIV infection. In 

a recently published study, improvement in hemodynamics, 

quality of life, functional class, and 6MWD were reported 

in 20 patients with HIV-associated PAH.38 These favorable 

results were sustained six months after initiation of treatment, 

and therapy was well tolerated despite coadministration of 

antiretroviral drugs.

Bosentan for early-stage PAH
Recently, the benefits of bosentan for patients with less severe 

PAH were demonstrated in the EARLY study.39 This study 

was the first one to evaluate a group of exclusively functional 

class II PAH patients. Previous studies, including those 

reporting impact of drugs from other therapeutic classes, 

have generally included patients in functional class III and IV. 

The results of the EARLY study demonstrated that bosentan 

led to a reduction in pulmonary vascular resistance and to 

a delay in time to clinical worsening, with lower incidence 

of worsening functional class. There was no significant dif-

ference in 6MWD, but this can be explained by the fact that 

patients were less symptomatic and walked more at baseline. 

Moreover, the placebo-treated group showed worsening of 

pulmonary vascular resistance and a shorter time to clinical 

deterioration. These observations were of major significance 

because, for the first time in a controlled clinical study, it was 

shown that less severe PAH patients do progress over time, 

and early interventions with bosentan partially prevented 

such deteriorations.

Combination therapy in PAH
Because other classes of drugs approved for treatment of 

PAH act on different pathways of the disease, the rationale 

exists for a treatment approach combining different classes of 

drugs.40 A number of case reports/series have demonstrated 

clinical response and tolerability with combination therapy. 

In this regard, the use of bosentan was studied in association 

with other pulmonary hypertension-specific medications in 

randomized trials.41

In a study done in patients initiating epoprostenol treat-

ment, two groups were randomized, one to receive epopros-

tenol and placebo, and the other to receive epoprostenol and 

bosentan.42 In this study, there was a trend towards a greater 

hemodynamic and functional response with the combined 

approach, but the improvements were not statistically 

 significant. The combination therapy was well tolerated, and 

even led to a decrease in the adverse effects of epoprostenol. 

There was less systemic hypotension in the group that also 

received bosentan than in the group that received epopros-

tenol therapy alone. However, the study was underpowered 

to demonstrate a significant treatment effect.
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Two other studies evaluated the addition of bosentan 

in PAH patients already receiving inhaled iloprost or oral 

beraprost.43,44 In both studies, the dose of prostanoid had 

not been changed for three months prior to inclusion in 

these studies, and bosentan was added as a second therapy. 

Combination therapy was well tolerated in both studies 

and an increase in 6MWD and improvement in symptoms 

were shown. Hoeper et al also demonstrated an increase in 

maximum oxygen consumption with addition of bosentan.43 

Seyfarth et al followed their patients for a longer period of 

time and showed that the improvements were maintained after 

six months of combined treatment.44 They also demonstrated 

an improvement in the Tei index as assessed by transthoracic 

echocardiography, suggesting improvement in right ventricu-

lar function with addition of bosentan.

Bosentan was shown to be well tolerated and to improve 

exercise capacity when associated with other specific pul-

monary hypertension treatments, suggesting that the theory 

of blocking the different pathways leading to the disease 

might be of benefit.

Bosentan versus other specific 
therapies for pulmonary 
hypertension
There are no adequately powered clinical studies comparing 

selective endothelin receptor blockade with dual blockade. In 

a study to confirm the efficacy and optimal dose of sitaxsen-

tan, two different doses of sitaxsentan and bosentan (given 

in an open-label arm) were compared with placebo.45 The 

6MWD was significantly higher in the groups that received 

both doses of sitaxsentan and in the bosentan group when 

compared with placebo. A similar effect of 100 mg sitaxsentan 

and bosentan therapy with respect to exercise improvement 

was also suggested. Recently, an unblinded, observational 

study comparing bosentan and sitaxsentan was published.46 In 

this study, both drugs improved hemodynamics and exercise 

capacity, but there was no difference in the size of effect of 

the two agents regarding hemodynamic measures, 6MWD, 

or brain natriuretic peptide levels. Thus, neither sitaxsentan 

nor bosentan appeared to be superior.

In terms of safety, one study demonstrated that 

 ambrisentan was safe when given to patients who had 

been previously treated with bosentan or sitaxsentan, and 

treatment was stopped because of a significant increase in 

serum aminotransferase levels. Thirty-six patients received 

ambrisentan, and none had to discontinue therapy because 

of an abnormal liver function test.47 Only one patient had a 

mild increase in serum aminotransferase levels that required 

a temporary dose reduction. The dose of ambrisentan was 

subsequently uptitrated and no further notable increase in 

serum aminotransferase levels occurred.

Few studies have compared bosentan with other specific 

treatment for pulmonary hypertension. Bosentan was compared 

with phospodiesterase-5 inhibitor treatment, ie, sildenafil, in the 

SERAPH (Sildenafil versus Endothelin Receptor Antagonist 

for Pulmonary Hypertension) study.48 In this study, two groups 

were randomized to receive either bosentan or sildenafil for 

16 weeks. There was a significant increase in Cardiac Index 

and 6MWD in the whole study population. However, only the 

group that received sildenafil had a significant reduction in 

right ventricular mass and in brain natriuretic peptide levels, but 

there were no significant differences between the two treatment 

groups in any endpoint when analyzed by intention to treat.

In conclusion, until now there are no sufficiently powered 

studies comparing bosentan with other endothelin receptor 

antagonists or with other specific therapies for pulmonary 

hypertension. In terms of safety, ambrisentan may be less 

hepatotoxic.

Bosentan for pulmonary 
hypertension caused by lung disease
Bosentan was also evaluated in pulmonary hypertension asso-

ciated with chronic obstructive pulmonary disease. In a study 

by Stolz et al patients with nonsevere pulmonary hypertension 

were randomized to receive placebo or bosentan in addition 

to conventional treatment for chronic obstructive pulmo-

nary disease.49 After 12 weeks, patients receiving bosentan 

presented with decreases in arterial oxygen levels and in 

6MWD, as well as a worsening in quality of life, implying 

that there were no benefits with treatment. The study did not 

evaluate patients by right heart catheterization, and therefore 

a final conclusion is difficult to make.50 Another study with 

chronic obstructive pulmonary disease patients randomized 

32 patients, who still had pulmonary hypertension after a 

period of oxygen therapy, to receive placebo or bosentan.51 

Treatment with bosentan led to a significant decrease in 

mean pulmonary arterial pressure and pulmonary vascular 

resistance, with an increase in 6MWD. There was no differ-

ence in arterial oxygen pressure levels with treatment. This 

study had a positive result and patients were evaluated with 

right heart catheterization, but it was not blinded and, again, 

final conclusions are difficult to make. Therefore, until now, 

there are insufficient data to support the use of bosentan in 

patients with pulmonary hypertension proportional to chronic 

obstructive pulmonary disease severity. Further studies are 

needed to clarify this issue.
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Trial in chronic thromboembolic 
pulmonary hypertension
In addition to treatment of PAH, endothelin receptor block-

ade has been studied in chronic thromboembolic pulmonary 

hypertension, for which the gold standard treatment is throm-

boendarterectomy whenever possible. However, surgery is 

not indicated in cases of predominant distal obstruction of 

the pulmonary arteries by organized thrombus, while others 

are turned down for surgery on the basis of comorbidities. 

Furthermore, some patients demonstrate residual pulmo-

nary hypertension after surgery. Survival in such instances 

is dramatically reduced, and studies have accordingly been 

undertaken in order to evaluate the use of specific pulmonary 

hypertension therapies for these patients. Hoper et al per-

formed a pilot study in 19 patients with nonoperable chronic 

thromboembolic pulmonary hypertension.52 Three months 

after treatment with bosentan, these patients had an improve-

ment in hemodynamic measurements (significant reduction in 

pulmonary vascular resistance and increase in cardiac output), 

improvement in exercise capacity (increase in 6MWD), and a 

decrease in NT-proBNP. The  medication was well tolerated, 

but an increase in the dose of oral anticoagulant was needed 

in most cases. Bonderman et al evaluated the same type of 

patients, but with a larger population (n = 33), and followed the 

patients for a longer time period (six months).53 Results from 

this study confirmed an increase in 6MWD and reduction in 

NT-proBNP levels, and also showed a significant improvement 

in functional class. The drug was again well tolerated, with no 

cases of increased liver enzymes. Vassallo et al also studied 

patients with inoperable chronic thromboembolic pulmonary 

hypertension, but compared bosentan with conventional 

therapy.54 The results confirmed a significant improvement in 

exercise capacity, functional class, and Borg dyspnea index 

in the group that received bosentan.

The BENEFIT (Bosentan Effects in iNopErable Forms 

of chronIc Thromboembolic pulmonary hypertension) study 

is, however, the only multicenter, randomized, placebo-

controlled trial that examined the use of medical therapy 

(bosentan) for chronic thromboembolic pulmonary hyper-

tension, either not treated by surgery or with persistence 

of pulmonary hypertension postsurgery.55 In this trial, 77 

patients received bosentan and 80 patients received placebo. 

Hemodynamic improvement, with reduction in pulmonary 

vascular resistance and increase in cardiac index, and 

improvement in NT-proBNP levels and Borg dyspnea index, 

were demonstrated in the treatment group. Despite that, no 

significant increase in 6MWD or improvement in functional 

class or time to clinical worsening was observed. Thus, the 

recommendations of the most recent World Symposium on 

Pulmonary Hypertension, held in Dana Point in 2008, are 

that more studies are needed to confirm the clinical benefit 

of specific medical therapy for this group of patients.56

Summary
Dual endothelin receptor blockade using bosentan leads 

to improvement in hemodynamic profile, functional class, 

Table 2 Clinical trials using bosentan in pulmonary arterial hypertension and chronic thromboembolic pulmonary hypertension

Trial Study design Population Results Reference

BReATHe-1 Bosentan 125 mg and 250 mg versus 
placebo

PAH increase in 6MwD 
increase in time to clinical worsening

Rubin et al28

BReATHe-2 Bosentan combined with  
epoprostenol versus epoprosteno  
and placebo

PAH Trend towards clinical and  
hemodynamic improvements

Austin et al41

BReATHe-4 Bosentan Hiv-infected patients  
with PAH

increase in 6MwD 
improvement in NYHA functional 
class and quality of life 
Hemodynamic improvement

Sitbon et al38

BReATHe-5 Bosentan versus placebo eisenmenger  
syndrome 

No worsening of oxygen saturation 
Hemodynamic improvement 
increase in exercise capacity

Galie et al37

eARLY study Bosentan versus placebo PAH wHO 
functional class ii

Hemodynamic improvement 
Trend towards exercise capacity  
improvement

Galie et al39

BeNeFiT Bosentan versus placebo CTePH 
nonoperable or  persistent  
or recurrent PH after PeA

Hemodynamic improvement 
Trend towards improvement 
in 6MwD

Jais et al55

Abbreviations: BReATHe, Bosentan Randomized trial of endothelin Antagonist THerapy for pulmonary hypertension; BeNeFiT, Bosentan effects in iNoperable Forms of 
chronic Thromboembolic pulmonary hypertension; CTePH, chronic thromboembolic pulmonary hypertension; 6MwD, six-minute walking distance; wHO, world Health 
Organization; PH, pulmonary hypertension; PAH, pulmonary arterial hypertension; HIV, human immunodeficiency virus; NYHA, New York Heart Association.
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and exercise capacity, and may increase survival in patients 

with PAH. Benefits were shown in the different subgroups 

of PAH and might be beneficial even for early-stage disease 

(Table 2). Treatment with bosentan has been shown to be safe 

and well tolerated, even when combined with other specific 

PAH therapies. Bosentan was the first oral treatment approved 

for the treatment of PAH and is recommended, among other 

drugs, in international guidelines as first-line therapy for 

this disease.
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