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sponders (p = 0.05, 0.05, 0.01 and 0.004, respectively), and 4 
became eligible for heart transplantation and 3 for left ven-
tricular assist device implantation.  Conclusions:  Bosentan 
decreased pulmonary pressures and PVR in the majority of 
patients with PH secondary to systolic HF, thereby allowing 
them to be considered candidates for heart transplantation. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 Pulmonary hypertension (PH) and elevated pulmo-
nary vascular resistance (PVR) secondary to systolic heart 
failure (HF) are risk factors for increased mortality due to 
right ventricular failure after orthotopic heart transplan-
tation  [1–3] . Elevated plasma levels of endothelin alter 
pulmonary hemodynamics by its vasoconstrictive action, 
and they contribute to progression of HF and increase 
mortality in these patients  [4] .

  Bosentan, a dual receptor endothelin antagonist, im-
proves pulmonary hemodynamics and quality of life in 
patients with primary and postthromboembolic PH  [5] . 
However, the effects of bosentan on pulmonary hemody-
namics and eligibility for heart transplantation in patients 
with PH secondary to systolic HF are not well character-
ized. Patients with refractory HF treated with high-dose 
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 Abstract 

  Objectives:  The dual endothelin receptor antagonist bosen-
tan improves pulmonary vascular resistance (PVR) in pa-
tients with primary pulmonary hypertension (PH). The ef-
fects of bosentan on secondary PH due to systolic heart fail-
ure (HF) are not well defined. This study evaluates the effect 
and tolerability of bosentan in patients with PH secondary to 
HF.  Methods:  Seventeen adult HF patients with PH and New 
York Heart Association class III–IV symptoms were treated 
with bosentan, 62.5 mg twice daily, for 1 month, which was 
gradually increased to 125 mg twice daily thereafter. Right 
heart catheterization (RHC), a clinical evaluation and echo-
cardiographic measurements were performed at baseline 
and at 4 ± 3 (mean ± SD) months of follow-up. Response to 
bosentan was defined as an improvement in clinical, echo-
cardiographic and RHC parameters.  Results:  Six patients did 
not complete the study (therapy was discontinued due to 
hypotension, elevated liver enzymes or acute decompensa-
tion of HF), 11 patients completed the follow-up; 9 patients 
responded to therapy. Systemic arterial pressures, pulmo-
nary pressures, PVR and the transpulmonary gradient sig-
nificantly decreased compared with baseline levels in 9 re-
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bosentan had improvement in New York Heart Associa-
tion (NYHA) class, without survival benefit compared 
with standard therapies. However, this clinical trial was 
interrupted due to an increased incidence of adverse 
events (most commonly elevated liver transaminases and 
HF exacerbations) in patients receiving bosentan  [6] .

  Interestingly, in patients who were deemed ineligible 
for heart transplantation due to severe irreversible PH, 
6-week therapy with bosentan decreased PVR, thereby 
making the patients eligible for heart transplantation  [7] . 
The present study assessed the effect and tolerability of 
bosentan regarding pulmonary hemodynamics and eligi-
bility for heart transplantation in patients with severe PH 
secondary to systolic HF.

  Methods 

 Study Population 
 Patients with NYHA class III or IV HF, left ventricular (LV) 

ejection fraction <35% and severe PH refractory to the nitroprus-
side challenge test at the right heart catheterization (RHC) were 
included in the study. All patients were aged >18 years. Exclusion 
criteria included: history of myocardial infarction within 8 weeks; 
unstable angina or angina-limited exercise; HF due to uncorrected 
valvular stenosis, obstructive cardiomyopathy, pericardial disease, 
amyloidosis, active myocarditis or a malfunctioning artificial heart 
valve; symptomatic chronic obstructive pulmonary disease or 
asthma; history of symptomatic ventricular tachycardia, ventricu-
lar fibrillation or sudden death unless treated with an implantable 
defibrillator; 2nd- or 3rd-degree atrioventricular block unless 
treated with a pacemaker; heart rate >115 bpm; and systolic blood 
pressure <90 mm Hg or >200 mm Hg.

  All patients were treated with 62.5 mg bosentan twice daily for 
1 month, which was gradually increased to 125 mg twice daily 
thereafter. All patients underwent medical and echocardiographic 
examinations as well as RHC 2 weeks prior to starting treatment 
and at follow-up after bosentan titration. The study protocol was 
approved by the institutional review committee at each study site, 
and all patients provided their written informed consent.

  Hemodynamic Measurements 
 A pulmonary artery catheter was used to measure pulmonary 

artery pressures, mean right atrial pressure and mean pulmonary 
capillary wedge pressure (PCWP). The wedge position was verified 
by fluoroscopy, phasic changes in pressure waveforms and oxygen 
saturation. Cardiac output (CO) and the cardiac index (CI) were 
derived by the Fick equation through sampling of a mixed central 
venous blood gas taken from the pulmonary artery and radial ar-
tery blood gas. All patients underwent the nitroprusside challenge 
test. RHC was performed at baseline, before bosentan therapy, and 
repeated after 4 ± 3 (mean ± SD) months of follow-up, when the 
patients’ clinical condition was stable. All patients with a PVR of 
>3 Wood units (WU) and/or systolic pulmonary arterial pressure 
(SPAP) of >50 mm Hg and/or a transpulmonary gradient (TPG) 
of >10 mm Hg underwent a nitroprusside challenge test according 
to the International Lung and Heart Society of Transplantation 

Guidelines  [8] . Patients were considered responders to the bosen-
tan therapy if their PVR was <2.5 WU and/or their TPG was <10 
mm Hg at the follow-up visit.

  Echocardiographic Measurements 
 The examination was performed using a Vivid 7.0 (GE Health-

care, USA) ultrasound system. Standard linear measurements 
were obtained according to American Society of Echocardiogra-
phy guidelines  [9] . LV volumes and ejection fraction were calcu-
lated from the apical 4- and 2-chamber views using the modified 
Simpson rule. SPAP was estimated by measuring the peak tricus-
pid regurgitation velocity and estimating right atrial pressure in 
accordance with inferior vena cava size and respiratory collapse. 
Systolic right ventricular function was explored by measuring tri-
cuspid annular plane systolic excursion (TAPSE).

  Statistical Analysis 
 Continuous variables are expressed as means ± SD. Categorical 

variables are expressed as percentages. The paired t test and χ 2  test were 
used for data comparisons as appropriate. A value of p ≤ 0.05 was 
considered evidence of statistical significance. The analysis was per-
formed with SPSS for Windows (version 15; SPSS Inc.,  Chicago, Ill., 
USA).

  Results 

 A total of 17 patients with severe PH and NYHA class 
III–IV HF symptoms were enrolled. The demographic 
characteristics of the study participants titrated with 

Table 1.  Demographic characteristics of population treated with 
bosentan (n = 17)

Age, years 56±7
Gender – male, n 15 (88%)
BSA, m2 2±0.1
NYHA class III, n 15 (88%)
MVO2, l/kg/m2 12±3
NT proBNP, ng/l 2,011±1,011
Etiology, n

Ischemic
Idiopathic

11 (65%)
6 (35%)

Therapy, n
ACEI/ARB
Beta-blockade
Diuretic
Amiodarone
Digoxin
Spironolactone
Statins
AICD/BIV

16 (94%)
15 (88%)
17 (100%)
10 (58%)

8 (47%)
16 (94%)
14 (82%)
17 (100%)

 All values are expressed as means ± SD unless specified otherwise. BSA = 
Body surface area; MVO2 = myocardial oxygen consumption; NT proBNP = 
N-terminal fragment of probrain natriuretic peptide; ACEI = angiotensin-con-
verting enzyme inhibitor; ARB = angiotensin receptor blockers; AICD/BIV = 
automatic implantable cardioverter defibrillator/biventricular pacemaker.
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bosentan are shown in  table 1 . The mean follow-up time 
was 4 ± 3 months. Bosentan was discontinued prior to the 
1-month follow-up visit in 6 patients (in 3 patients due to 
hypotension, in 2 patients due to a pathological increase 
in liver enzymes, and in 1 patient due to acute HF decom-
pensation). Functional capacity at baseline was severely 
reduced in all of the remaining 11 patients despite opti-
mal medical therapy. 

  All patients had severe LV systolic dysfunction, with 
moderate-to-severe tricuspid and mitral regurgitation 
and decreased TAPSE. All patients had elevated pulmo-
nary pressures at baseline despite the optimal medical 
therapy, and were resistant to the nitroprusside challenge 
test ( table 2 ). Nine patients responded to bosentan thera-
py ( fig. 1 ).

  At follow-up after bosentan titration, the respond-
ers  showed improvement in hemodynamic variables 
(  table 3 ). Mean pulmonary arterial pressure, SPAP, PVR, 
TPG and mean arterial pressure significantly decreased 
with bosentan (p = 0.05, 0.007, 0.01, 0.004 and 0.04, re-
spectively), while CO, CI, PCWP and right arterial pres-
sure remained unchanged. Echocardiographic variables 
did not differ significantly at follow-up compared with 
baseline levels. No significant changes were observed on 
echo Doppler examination, including mitral, aortic and 
tricuspid valve function ( table 4 ).

  The 9 patients who responded to bosentan therapy 
were considered eligible for heart transplantation. At the 
1-year follow-up, 3 patients received an LV assist device. 
Bosentan was discontinued after implantation in those 3 

patients. All patients who responded to bosentan therapy 
were maintained on bosentan up to the 1-year follow-up 
visit. All patients remained on the transplant list. No pa-
tient received a heart transplant at the 1-year follow-up vis-
it. One patient had bosentan discontinued after hospital-
ization for uncontrolled PH. The nonresponders remained 
ineligible for heart transplantation, and 2 of them died dur-
ing the 1-year follow-up period. In the nonresponders, 
bosentan was discontinued after the first catheterization.

  Limitations 
 We conducted nonrandomized, small-sample obser-

vational study in a single center. The number of dropouts 
due to adverse events or symptomatic hypotension was 
similar to that in other studies  [6, 10] .

Table 2.  Swan-Ganz catheterization results before bosentan (at baseline and after nitroprusside challenge test) 
and after bosentan titration (at follow-up and after nitroprusside challenge test; n = 11)

Baseline Nitroprusside
test

Bosentan
follow-up

Nitro prusside
test

SBP, mm Hg 120±19 94±13a 110±16 99±14b, c

RAP, mm Hg 8±4 5±2a 8±3 4±3b, c

SPAP, mm Hg 68±10 42±10a 60±24 41±12b, c

MPAP, mm Hg 41±7 26±7a 39±15 25±8b, c

PCWP, mm Hg 26±7 13±4a 24±9 15±5b, c

TPG, mm Hg 16±4 13±4a 15±7 10±3b, c

CO, l/min 3.2±0.7 4.0±0.7a 3.3±0.7 4.1±0.9b, c

CI, l/min/m2 1.7±0.2 2.2±0.3a 1.9±0.4 2.2±0.4b, c

PVR, WU 5.0±1.2 2.1±0.3a 4.2±1.7 2.5±0.9b, c

 SBP = Systolic blood pressure; RAP = right atrial pressure; MPAP = mean pulmonary arterial pressure.
a Baseline vs. nitric oxide: p < 0.05.
b Bosentan vs. bosentan nitric oxide: p < 0.05.
c Baseline vs. postbosentan nitric oxide: p < 0.05.

0
1
2
3
4
5
6
7
8

PVR PVR bosentan

  Fig. 1.  PVR at baseline and at follow-up. Dashed lines: nonre-
sponders to therapy. 
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  Discussion 

 The major findings of this study are that bosentan im-
proves pulmonary and systemic hemodynamics in HF 
patients with PH who are able to tolerate such a therapy, 
and that treatment with bosentan may have a beneficial 
impact on the eligibility of these patients for heart trans-
plantation.

  The improvement in pulmonary and systemic hemo-
dynamics among patients with HF and PH who tolerated 
bosentan therapy well suggests that such a therapy may 
be beneficial in at least half of these patients. More impor-
tantly, addition of bosentan to a standard HF therapy led 
to a significant decrease in systemic blood pressure and 
pulmonary resistance, which enabled these patients to be-
come eligible for heart transplantation. This is in agree-

ment with previous reports on the beneficial effect of 
bosentan therapy on PVR and diastolic pulmonary pres-
sure, which enabled a subset of responders to bosentan to 
become eligible for heart transplantation  [7, 11] . After 
bosentan titration, PVR decreased by 60% compared with 
baseline values at the 12-month follow-up in heart trans-
plant candidates with severe PH  [12] . The reduction in 
PVR with bosentan therapy is associated with favorable 
outcome after transplantation and LV assist device im-
plantation  [12, 13] .

  In our study, the bosentan therapy significantly low-
ered mean pulmonary arterial pressure, SPAP, PVR and 
TPG, but it did not affect CO and CI. In contrast, other 
investigators reported that addition of bosentan to op-
timal medical therapy improves all hemodynamic vari-
ables after 24 h, including CO, with such a trend being 
maintained at the 2-week follow-up  [14] . This discrep-
ancy can be explained by the administration of higher 
dosages such as 1,000 mg twice daily, which may have 
enhanced bosentan vasodilation. Such high dosages of 
bosentan have been shown to be unsafe in long-term 
studies  [6, 14] . Bosentan dosed at 500 mg twice daily 
was associated with adverse effects, including liver func-
tion abnormalities, in almost half of patients with severe 
HF  [6] . The number of dropouts was similar to that in 
other studies; however, our patients had severe HF, 
which rendered a third of them intolerant to bosentan 
therapy  [6, 10] . Bosentan therapy did not affect LV di-
ameter and ejection fraction or systolic right ventricular 
function measured by TAPSE and SPAP in our patients. 

Table 4.  Echocardiographic parameters before and after bosentan 
titration in responders to therapy (n = 9)

Baseline Follow-up p

LV TDD, mm 67±6 70±6 0.14
LV TSD, mm 55±4 56±6 0.78
EF, % 23±4 24±6 0.39
SPAP, mm Hg 71±14 54±25 0.16
TAPSE, mm 13±6 16±4 0.25

 TDD = Telediastolic diameter; TSD = telesystolic diameter; 
EF = ejection fraction.

Table 3.  Swan-Ganz catheterization results before bosentan (at baseline and after nitroprusside challenge test) and 
after bosentan titration (at follow-up and after nitroprusside challenge test) for responders to the therapy (n = 9)

Baseline Nitroprusside
test

Bosentan Nitroprusside
test

SBP, mm Hg 119±20 90±11b 108±17 97±12c

RAP, mm Hg 9±5 4±3b 8±4 3±2c

SPAP, mm Hg 68±12 41±9b 52±14a 40±13c

MPAP, mm Hg 41±8 25±7b 34±10a 24±8c

PCWP, mm Hg 26±8 12±6b 22±7 14±6c

TPG, mm Hg 16±4 12±4b 12±4a 8±3c

CO, l/min 3.1±0.7 3.8±0.8b 3.3±0.8 3.9±0.8c

CI, l/min/m2 1.7±0.2 2.1±0.3b 1.7±0.4 2.1±0.4c

PVR, WU 5.3±1.2 3.1±0.7b 3.9±1.8a 2.6±1.0c

 SBP = Systolic blood pressure; RAP = right atrial pressure; MPAP = mean pulmonary arterial pressure.
a Baseline vs. bosentan: p < 0.05.
b Baseline vs. nitroprusside: p < 0.05.
c Bosentan vs. bosentan nitroprusside: p < 0.05.
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In contrast, Galiè et al.  [10]  reported that 16 weeks of 
bosentan therapy reduced right ventricular dilation and 
increased left ventricle size, although within a range of 
normality, due to a decrease in the septal displacement 
from the right ventricle toward the left ventricle, stroke 
volume, CI, and right ventricular ejection and LV early 
diastolic filling characteristics compared with placebo 
in patients with primary PH. We did not observe such 
changes, possibly due to the fact that all of our patients 
had dilated left ventricles and severely depressed ejec-
tion fraction, whereas the participants in the study by 

Galiè et al.  [10]  had a small left ventricle with preserved 
LV function. In conclusion, bosentan therapy may im-
prove pulmonary and systemic hemodynamics in pa-
tients with PH and systolic HF who are able to tolerate 
it, thereby making such patients eligible for heart trans-
plantation.

  Disclosure Statement 

 No conflict of interest declared. 
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