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ABSTRACT While beta-blockers are considered contraindicated in pulmonary arterial hypertension
(PAH), the prognostic significance of sympathetic nervous system over-activity suggests a potential benefit
of beta-blocker therapy. The aim of this randomised, placebo-controlled, crossover, single centre study was
to determine the effects of bisoprolol on right ventricular ejection fraction (RVEF) in idiopathic PAH
(iPAH) patients. Additional efficacy and safety parameters were explored.

Patients with optimally treated, stable iPAH (New York Heart Association functional class II/III) were
randomised to placebo or bisoprolol. Imaging and functional measurements were performed at baseline,
crossover and end of study.

18 iPAH patients were included, because inclusion faltered before enrolment of the targeted 25 patients.
17 patients completed 6 months of bisoprolol, 15 tolerated bisoprolol, one patient required intravenous
diuretics. Bisoprolol was associated with a lower heart rate (17 beats per minute, p=0.0001) but RVEF
remained unchanged. A drop in cardiac index (0.5 L·min−1·m−2, p=0.015) was observed, along with a
trend towards a decreased 6-min walking distance (6MWD).

Although careful up-titration of bisoprolol was tolerated by most patients and resulted in a decreased
heart rate, no benefit of bisoprolol in iPAH was demonstrated. Decreases in cardiac index and 6MWD
suggest a deteriorated cardiac function. The results do not favour the use of bisoprolol in iPAH patients.
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A bisoprolol dose that significantly reduced heart rate was not associated with a significant
change in RVEF in PAH http://ow.ly/j5D0300OgGz

Copyright ©ERS 2016

Editorial comment in Eur Respir J 2016; 48: 617–618.

This article has supplementary material available from erj.ersjournals.com

Received: Sept 21 2015 | Accepted after revision: May 21 2016 | First published online: July 7 2016

Clinical trial: The study was registered at clinicaltrials.gov with identifier number NCT01246037 and
clinicaltrialsregister.eu (EudraCT) with identifier number 2010-020424-21.

Support statement: This research was financially supported by a ZonMW grant (number: 95110079). Funding
information for this article has been deposited with the Open Funder Registry.

Conflict of interest: Disclosures can be found alongside this article at erj.ersjournals.com

Eur Respir J 2016; 48: 787–796 | DOI: 10.1183/13993003.00090-2016 787

ORIGINAL ARTICLE
PULMONARY VASCULAR DISEASES

http://crossmark.crossref.org/dialog/?doi=10.1183/13993003.00090-2016&domain=pdf&date_stamp=2016-07-07
http://orcid.org/0000-0003-0703-4601
mailto:hj.bogaard@vumc.nl
http://ow.ly/j5D0300OgGz
http://ow.ly/j5D0300OgGz
erj.ersjournals.com
http://clinicaltrials.gov/
http://clinicaltrialsregister.eu/
http://www.crossref.org/fundingdata/
erj.ersjournals.com


Introduction
Idiopathic pulmonary arterial hypertension (iPAH) is a rare disease with a prevalence of 5–15 per million
adults [1, 2]. iPAH is characterised by progressive pulmonary vascular remodelling and the associated
increase in right ventricular (RV) afterload eventually leads to right heart failure and premature death.
Even with the best available treatment, prognosis remains poor [3]. Current medical treatments aim to
dilate small pulmonary arteries, but recent data suggest that, even if treatment reduces RV afterload, RV
function in many iPAH patients continues to deteriorate, which then predicts a poor outcome [4].
Therefore, directly targeted RV therapy may be of additional benefit.

Despite the importance of beta-blockers in left heart failure management, current guidelines advise against
their use in pulmonary arterial hypertension (PAH) patients [5, 6]. This recommendation is based on the
premise that the immediate negative inotropic and chronotropic effects of beta-blockers will result in
systemic hypotension and a decreased exercise capacity and is supported by several publications [7–9].

However, the sympathetic nerve system (SNS) is excessively active in PAH patients, a phenomenon
associated with increased mortality [10] and suggesting a benefit of beta-blocker treatment [11–13].
Preclinical studies demonstrated that beta-blockers improve RV function in experimental pulmonary
hypertension in an afterload-independent way [14–17]. Furthermore, PERROS et al. [17] recently provided
in vitro and preclinical evidence that beta-blocker treatment may not only improve RV function directly,
but also indirectly through improvement of endothelial dysfunction and reversal of pulmonary vascular
remodelling.

The key question that arises is whether positive effects on myocardial remodelling and oxygen efficiency
can negate any acute negative inotropic and chronotropic effects of chronic beta-blocker treatment in
PAH. The aim of this randomised, placebo-controlled, crossover, single centre study was to determine the
effects of bisoprolol treatment on right ventricular ejection fraction (RVEF) in iPAH patients. A number of
additional efficacy and safety parameters were explored.

Methods
This was a proof-of-concept single centre study with a 12-month prospective, randomised, double-blind,
placebo-controlled, crossover design and a half year open-label extension trial. The study was registered at
clinicaltrials.gov (NCT01246037) and EudraCT (2010-020424-21). The study was initially designed to
detect a 3% difference in RVEF between placebo and bisoprolol, but failed to enrol the targeted 25 study
patients.

Patients
All iPAH patients older than 18 years in New York Heart Association (NYHA) functional class II and III
were screened. Eligible patients were in sinus rhythm and clinically stable on PAH specific medication.
Inclusion and exclusion criteria are described in the supplementary material.

Study protocol
After extensive baseline assessments (described later) patients were randomised 1:1 to either bisoprolol or
placebo. Treatment was started at a dosage of 1.25 mg (half a tablet), once daily and was gradually
increased to achieve the highest tolerated dosage with a maximum dosage of 10 mg (four tablets). Patients
were re-examined every 2 weeks and when possible the dosage was increased by 1.25 mg. The dosage was
not increased, or was reduced if necessary, in case of a drop in systolic systemic pressure <90 mmHg,
progression of heart failure, clinically relevant bradycardia or a heart rate below 60 beats per minute,
increased symptoms, or a drop in 6-min walking distance (6MWD) of >10%. Diuretic dose was guided by
clinical examination. On a monthly basis blood was drawn and ECG, quality of life (assessed using the
Minnesota living with heart failure questionnaire (MLHFQ)) and 6MWD were determined. 4 months into
the study, drug doses were not further increased. Patients were re-admitted 6 months after the start of the
study to repeat all baseline assessments. Study medication was tapered down and stopped after 2 weeks.
Subsequently, patients were crossed over to the alternative medication and in the following 6 months, the
same procedures were repeated (figure 1).

At baseline, before cross over and after 1 year of study, patients were admitted for assessment of outcome
parameters using cardiac magnetic resonance imaging (CMRI), right heart catheterisation, exercise testing,
blood sampling, heart rate variability measurements, 11C-acetate positron emission tomography (PET)
scans and quality of life questionnaires as described in the supplementary material, which also provides
information on clinical deterioration, medical ethical board approval and serious adverse events.
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Statistical analysis
Data are presented as mean±SD. To compare the effects of 6 months of bisoprolol and placebo treatment a
linear mixed model was used to control for the repeated outcome assessments within patients (see the
supplementary material).

A 3% change in RVEF was considered a clinically significant treatment effect [4, 18]. The power
calculation showed that, with 80% power, 25 patients were required in the crossover study, including the
open-label extension trial. Blinding codes were broken on the last day of the third admission or at the
moment of early termination of the study. All data were analysed in a blinded fashion and according to an
intention-to-treat principle. Statistics were performed using IBM SPSS Statistics 20 (IBM Corp., Armonk,
NY, USA) and GraphPad Prism 6 (GraphPad Software, La Jolla, CA, USA).

Results
Patient inclusion
Prior to inclusion all patients were treated in our hospital, an academic referral centre for PAH in the
Netherlands. 27 out of 45 patients eligible for this study declined because of the high study burden,
including frequent hospital visits and invasive testing. 18 patients were enrolled into the study from
February 2011 until January 2014 (figure 2). Patient recruitment had become extremely slow at that time,
with only one additional patient recruited in the past year of the study. Together with the Institutional
Review Board of our institution and the Data Safety Monitoring Board we made the decision that the study
should be closed. Failure to enrol the targeted 25 patients was related to stringent eligibility criteria and the
high study burden. NYHA classes II and III were equally represented, mean age was 48 years and there was
a strong female predominance (one male patient was included). Patient baseline characteristics, dosages of
placebo and bisoprolol, and diuretic medication changes are shown in table 1 and per patient in table S1.

In the placebo arm of the study, 16 out of 18 patients received placebo for the full 6 months: one patient
was put back on bisoprolol after 2 months because of symptomatic palpitations and one patient
accidentally received bisoprolol during part of the placebo half year (improper packaging of study
medication at the pharmacy). In the bisoprolol arm of the study, 17 patients received bisoprolol for
6 months: one patient withdrew from the study directly after crossover and before the first dose of
bisoprolol because she found the study too burdensome. A complete paired set of study data is available
from 16 patients. All available data were included in the analysis.

Adverse events
Five serious adverse events (SAEs) were reported, one of which was directly related to the study
medication. This patient had to be admitted for treatment of fluid retention with intravenous diuretics
after she started with bisoprolol. One SAE concerned the described pharmacy error. Three other SAEs
were related to bacterial infections, which were not obviously related to the study drug or protocol.

Tolerability
17 patients completed the 6-month bisoprolol treatment arm, but two (12%) of these patients received a
final dose of 0 tablets because of systemic hypotension or a 10% drop in exercise capacity. Both patients

6 months

4 months 4 months

Bisoprolol

Placebo

Bisoprolol

Placebo

t1

n=9

n=9

t2 t3 t4 t5 t6

2 weeks 6 months

FIGURE 1 Study scheme. Clinically stable idiopathic pulmonary arterial hypertension patients were included in
the study. At baseline, after 6 months and at the end of the study (t=1, 3 and 6) patients were admitted for
extensive testing. Between t1–t2 and t4–t5, patients were examined every 2 weeks for up-titration of bisoprolol
or placebo. Between t2–t3 and t5–t6 all patients received a stable drug dose. Medications were tapered and
then stopped between t3 and t4, and after t6, unless patients entered the open-label extension study.
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stayed enrolled in the study and the data acquired after 6 months in the bisoprolol study arm was fully
analysed (intention-to-treat analysis). Full up-titration to a maximal dose of four tablets was impossible in
12 placebo treated patients because of a low baseline systemic blood pressure. One patient stopped the
placebo tablets according to protocol for this reason. 11 (65%) out of the 17 patients continued or
restarted bisoprolol after the end of the study following consultation with their treating clinician. One
patient stopped after 3 months in the open-label extension study because of erectile dysfunction. The other
ten patients completed another half year of bisoprolol. These data are included in the analysis.

Signs of congestive heart failure and other side-effects
Worsening of fluid retention is a well-known side-effect of beta-blocker treatment in congestive heart
failure. As described, one patient was admitted for i.v. diuretics after the first weeks of bisoprolol. After
her admission, she was stable on oral diuretics and continued 1.25 mg of bisoprolol for half a year. It was
not possible to increase the dosage, because of hypotension. On average, however, body weight, N-terminal
pro-brain natriuretic peptide (NT-proBNP), serum sodium and total doses of loop diuretics were not
significantly affected by bisoprolol treatment (table 1 and per patient in table S1). Some patients
complained about tiredness or a subjective feeling of a drop in exercise tolerance. However, this was not
clearly reflected in the quality of life questionnaire or a drop of >10% in 6MWD and patients with placebo
had similar complaints. One patient described temporary feelings of depression while treated with
bisoprolol.

Systemic haemodynamics
Systolic blood pressure remained stable after bisoprolol treatment. A slight reduction in diastolic blood
pressure (decrease of 6 mmHg, p=0.024) did not result in a significant change in mean systemic pressure
(−2.7 mmHg, p=0.32) (table 1).

138 iPAH patients in our hospital

45 suitable for inclusion

18 patients gave informed consent

Third admission after 

2 months due to deterioration

16 patients completed the study

10 patients continued or restarted 

bisoprolol for another 6 months

9 patients received bisoprolol

for the first 6 months

9 patients received placebo

for the first 6 months

9 patients received placebo

for the second 6 months

8 patients received bisoprolol

for the second 6 months

1 drop out due to

study intensity

1 drop out due to 

medication mistake

FIGURE 2 Flowchart of inclusion of idiopathic pulmonary arterial hypertension (iPAH) patients in the study.
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Sympathetic activity
Sympathetic activity is reflected by inter alia heart rate. Overall, bisoprolol-treatment was associated with a
reduction in heart rate of 17 beats per minute (p=0.0001) (figure 3). None of the other heart rate variability
(HRV) measurements showed a significant change after beta-blocker therapy (table 1 and table S2).
No significant effects of bisoprolol were found on plasma concentrations of noradrenaline, adrenaline or
dopamine (table 1).

TABLE 1 Baseline characteristics and results after 6 months of placebo and after 6 months of bisoprolol

Baseline Placebo Bisoprolol Effect

Subjects 18 18 17
Age at inclusion years 48±16
Male/females 1/17 1/17 1/16
NYHA functional class
II 9 9 9
III 9 9 8

PAH specific therapy
Mono 4 4 2
Dual 11 11 11
Triple 3 3 3

Study medication dosage tablets 2.9±1.4 1.9±1.3
Heart rate beats·min−1 79±11 81±12 65±9 −17 (p=0.0001)***
Systolic tension mmHg 109±17 109±14 109±13 0.2 (p=0.961)
Diastolic tension mmHg 66±8 64±8 61±7 −5.6 (p=0.024)*
mPAP mmHg 52±16 50±13 54±17 3 (p=0.450)
RAP mmHg 6±4 6±3 9±5 2 (p=0.082)
PAWP mmHg 8±3 7±2 9±3 3 (p=0.008)*
PVR dyn·s·cm−5 568±217 607±223 676±274 94 (p=0.192)
Cardiac index L·min−1·m−2 3.2±0.7 3.4±0.9 2.9±0.8 −0.5 (p=0.015)*
SvO2 % 71±9 67±9 67±13 −0.8 (p=0.739)
RVEDV mL 159±83 169±96 167±105 −4.1 (p=0.498)
RVESV mL 103±89 110±102 105±109 −7.0 (p=0.236)
RVEF % 42±18 42±18 46±17 3 (p=0.140)
LVEDV mL 98±15 99±22 99±18 −0.8 (p=0.838)
LVESV mL 37±17 36±17 34±16 −2.7 (p=0.352)
LVEF % 62±13 62±12 66±11 7 (p=0.016)*
NT-proBNP ng·L−1 1016 1259 1742 635 (p=0.107)
Body weight kg 67 67 68 −0.3 (p=0.693)
Sodium mmol·L−1 140±2 140±2 139±2 −0.8 (p=0.209)
Loop diuretics mg of furosemide or equivalent# 49±45 60±61 78±120 21 (p=0.242)
Noradrenaline nmol·L−1 5.2±3.1 4.2±2.5 5.8±2.9 0.20 (p=0.641)
Adrenaline nmol·L−1 0.2±0.2 0.3±0.5 0.2±0.1 −0.01 (p=0.877)
Dopamine nmol·L−1 0.1±0.3 0.2±0.4 0.1±0.2 −0.11 (p=0.215)
SDNN ms 81±29 84±35 85±27 3 (p=0.703)
SDANN ms 80.5±31.0 78.2±31.6 78.3±25.3 3.9 (p=0.648)
6MWD m −27 (p=0.055)
V′O2max L·min−1·kg−1 14.8±4.5 13.8±5.2 14.6±4.5 −0.2 (p=0.779)
RV power ×104 mL·mmHg·min−1 23±7 23±8 21±5 −0.827 (p=0.69)
KmonoRV min−1 0.08±0.02 0.07±0.01 0.06±0.01 −0.01 (p=0.021)*
WMIRV ×104 mL·mmHg·min−2 280±87 295±84 326±96 0.4 (p=0.242)
WMILV ×104 mL·mmHg·min−2 7.0±2.7 6.8±1.7 7.4±2.2 0.83 (p=0.20)
MLHFQ points 34±26 31±24 30±23 0.4 (0.908)

Data are presented as n, mean±SD or the effect of 6 months of bisoprolol treatment compared with 6 months of placebo treatment calculated
with a linear mixed model and corrected for dosage of study medication. NYHA: New York Heart Association; PAH: pulmonary arterial
hypertension; mPAP: mean pulmonary arterial pressure; RAP: right atrial pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary
vascular resistance; SvO2: mixed venous oxygen saturation; RVEDV: right ventricular end diastolic volume; RVESV: right ventricular end systolic
volume; RVEF: right ventricular ejection fraction; LVEDV: left ventricular end diastolic volume; LVESV: left ventricular end systolic volume;
LVEF: left ventricular ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide; SDNN: standard deviation of all normal RR
intervals in a 24-h ECG; SDANN: standard deviation of the average normal RR intervals for all 288 5-min segments of a 24-h ECG recording;
6MWD: 6-min walking distance; V′O2max: maximal oxygen uptake per kg; RV: right ventricular; RV power: right ventricular power output;
KmonoRV: rate of 11C-acetate clearance determined by mono-exponential curve fitting; WMI: work myocardial index; LV: left ventricular;
MLHFQ: Minnesota living with heart failure questionnaire. #: 1 mg bumetanide is calculated as 40 mg furosemide. *: p<0.05; ***: p<0.001.
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Right and left ventricular function
Bisoprolol treatment was associated with a small but statistically not significant improvement in RVEF
(increase 3%, p=0.140) (figure 3), while right ventricular end diastolic volume and right ventricular end
systolic volume remained unchanged (table 1). Right ventricular stroke volume was unaltered and given the
reduction in heart rate, a significant diminution in resting cardiac index was observed (decrease of
0.5 L·min−1·m−2, p=0.015) (figure 3). Mean pulmonary arterial pressure, right atrial pressure and pulmonary
vascular resistance remained stable and pulmonary artery wedge pressure (PAWP) showed a modest increase
with bisoprolol (+3 mmHg, p=0.008) (table 1). While left ventricular end diastolic volume, left ventricular
end systolic volume and left ventricular stroke volume remained unchanged with bisoprolol (table 1), left
ventricular ejection fraction (LVEF) improved significantly (increase of 7%, p=0.016) (figure 3).

Exercise capacity
Although there was great variability in the responses between patients, bisoprolol tended to decrease
6MWD (decrease 27 m, p=0.055) (figure 3), while maximal oxygen uptake per kg (V′O2max) remained
unchanged (decrease of 0.2 mL·min−1·kg−1, p=0.779) (table 1).

Myocardial efficiency
10 patients underwent an 11C-acetate scan at baseline, and after crossover and follow-up. In other patients
not all scans were performed due to software issues and failed tracer synthesis. RV rate of 11C-acetate
clearance determined by mono-exponential curve fitting, which reflects RV oxygen consumption [19], was
significantly reduced after bisoprolol therapy (−0.01 min−1, p=0.021). There was no significant effect on
RV power output or RV mechanical efficiency (figure 4).

Quality of life
Health-related quality of life measured using the MLHFQ was not significantly affected by bisoprolol
(table 1).

Discussion
Failure to enrol 25 patients precludes an answer to the main question of whether 6 months of bisoprolol
treatment leads to an improvement in RVEF in iPAH. Slow patient recruitment ultimately led to
premature closing of the study, and with 18 patients included this study was underpowered to detect an
improvement in RVEF. While a significant increase in LVEF was observed after bisoprolol treatment,
worrisome safety signals consisted of a significant decrease in cardiac index and a trend towards a
decreased 6MWD.
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The tolerability of bisoprolol in this study of iPAH patients seems comparable with what has been
reported in left heart failure: 15 (88%) out of 17 patients tolerated bisoprolol treatment (versus 85% in left
ventricular failure) [6]. 10 (59%) out of 17 patients decided to continue in the open-label extension trial.
One patient had to be admitted for treatment with i.v. diuretics after starting bisoprolol. Overall bisoprolol
treatment did not result in an increase in NT-proBNP, fluid retention or diuretic use, and there was no
change in systemic blood pressure.

Remarkably, a significant improvement in LVEF was observed. Although this finding was unexpected and
unexplained, it raises the possibility that changes in RVEF were to some degree indirect and perhaps
related to ventricular interdependence. Also the prolonged filling time can be supposed to contribute to
this increase, but no correlation between heart rate and LVEF at baseline, or change in heart rate and
change in LVEF was found (r=0.26, p=0.29; and r=0.11, p=0.59, respectively).

Along with the improvement in LVEF, a small increase in PAWP was noted. Although there is no certain
explanation for this finding, we can speculate that filling pressures were increased due to a longer heart
period and some degree of fluid retention. The small increase in PAWP was not associated with the
occurrence of pulmonary oedema.

Comparison with earlier studies
This is the first placebo-controlled study of beta-blocker therapy in patients with iPAH. We used the
selective beta-blocker bisoprolol in clinically stable iPAH patients, which is a different approach from those
of previous studies. PROVENCHER et al. [7] described the beneficial effects of the withdrawal of the unselective
beta-blocker propranolol in patients with portopulmonary hypertension and PEACOCK and ROSS [8] reported
deleterious effects of beta-blocker therapy in an iPAH patient with acute heart failure. BANDYOPADHYAY et al.
[9] observed no positive effects of beta-blocker therapy on survival time or time to clinical worsening in
PAH patients, but a tendency towards a shorter walking distance. Despite these reports and based on the
experimental and clinical effectiveness of inhibiting sympathetic over-activity in left ventricular failure,
several animal studies were preformed to examine potential positive effects of beta-blocker therapy in
experimental pulmonary hypertension [14–17]. The degree of heart rate reduction that was achieved in
these animal studies was also reached in our clinical study. But the positive effects of beta-blockers on the
function and structure of the right ventricle were not reproduced in this clinical study.

Despite the recommendation against beta-blocker use in right heart failure, recent data suggests that ∼28% of
Canadian pulmonary hypertension patients are treated with beta-blockers without major complications [20].
We calculated that during the ARIES 1 and 2 studies [21], the sildenafil dose finding study [22] and the
sildenafil registration study [23] 14%, 12% and 6%, respectively, of PAH patients were treated with
beta-blockers (unpublished data; courtesy of GlaxoSmithKline and Pfizer), often for reasons related to
palpitations. THENAPPAN et al. [24] and MORETTI et al. [25] showed that beta-blocker therapy is not associated
with adverse outcomes in patients with PAH. The recently published pilot study of carvedilol treatment in six
PAH patients showed a significant improvement in RVEF and no negative effects on exercise capacity [26].

A small number of almost exclusively female iPAH patients were included in this single centre study,
which contrasts sharply with the large beta-blocker trials in left ventricular failure in which thousands of
predominantly male patients were included. The effects of bisoprolol on all-cause mortality and
cardiovascular death were better in female left ventricular failure patients compared with the effects of
other selective beta-blockers, where women had higher plasma concentrations and more side-effects were
found [27, 28].
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The selective beta-blockers bisoprolol, carvedilol and metoprolol are approved for the treatment of left
ventricular failure [6] and have superior survival effects when compared with unselective beta-blockers
such as propranolol. We chose to use bisoprolol in this study, a drug with a much higher affinity for the
beta1-adrenergic receptor than the beta2-adrenergic receptor [11]. In addition to the favourable response to
bisoprolol of female left heart failure patients, we expected less of a decline in exercise performance when
using a beta1-selective agent, because beta2- blockade tends to blunt the exercise-induced increase in
skeletal muscle blood flow [11]. Furthermore, bisoprolol causes less peripheral vasodilatation and thereby
less systemic hypotension than the beta1- plus alpha1-adrenergic receptor blocker carvedilol.

Strengths and weaknesses
The placebo-controlled, crossover design, with an open-label extension in which patients served as their
own controls, allowed measurement of effects in a relatively small number of patients. The linear mixed
model used for the statistical analyses takes into account the dosage of study medication and thereby
accurately assesses treatment effects in a crossover study. Frequent study visits secured the safety of patients
but also contributed to the high burden of this study and thereby stagnant inclusion. We were unable to
recruit the number of patients that were required according to the power calculation. Therefore this study
lacked statistical power to detect a significant change in RVEF, which we chose as the primary outcome
parameter. The ideal end-point for this study would have been survival, but due to limited patient numbers
this end-point was not feasible and a crossover design was needed. Because we previously showed that a
change in RVEF upon treatment is a strong prognostic marker in iPAH [4] and also because the 6MWD
has recently been questioned as a surrogate end-point, we chose an increase in RVEF of 3% as the primary
outcome of the study. The possibility that RVEF and LVEF were affected by bisoprolol because of a slowing
heart rate and prolonged filling time, seems unlikely as we found no correlation between changes in heart
rate and RVEF (r=-0.117, p=0.570). However, the concomitant reduction of cardiac output suggests that the
increases in RVEF and LVEF cannot be attributed to an improved global cardiac function.

Patient characteristics that may have affected outcome were long-term clinical stability before inclusion
and the inclusion of only one male patient. In addition, 14 out of 17 patients in our study used endothelin
receptor antagonists, drugs which are known to affect adrenergic signalling [29].

Interpretation and mechanism
Among the mechanisms contributing to beneficial effects of beta-blocker treatment in left heart failure are
a reduction in SNS over-activity, attenuation of cardiac remodelling and hypertrophy, and a reduction of
myocardial oxygen consumption [30]. We studied SNS activity through assessment of heart rate variability
and catecholamine concentrations in the peripheral blood, but found no significant effects of bisoprolol
treatment. There was a near significant effect on the triangular interpolation of NN interval histogram and
a trend on the low frequency/high frequency ratio. But, as there is no unique preferred parameter to detect
effects on SNS activity in HRV measurements, it is difficult to interpret the data (see the supplementary
material) [31–33]. It remains unclear whether the tolerated dosage was sufficient to reduce SNS
over-activity, or whether the study was underpowered to address this question.

In left ventricular failure, a high resting heart rate predicts poorer prognosis and reducing the heart rate to
70 beats per minute improves prognosis [34]. Similarly in PAH, a high resting heart rate is associated with
a worse prognosis [35]. In this study, the tolerated dosage of bisoprolol resulted in a significant reduction
in heart rate and myocardial oxygen consumption. However, in contrast to left heart failure studies [30,
36], bisoprolol did not improve cardiac efficiency.

The deterioration in cardiac index of 0.5 L·min−1·m−2 (p=0.015) in this study was probably responsible for
the near significant drop in 6MWD. Although V′O2max was unaltered, a drop in cardiac index could be
seen as a sign of progressive heart failure. One patient had to be admitted for i.v. diuretics after the first
month of bisoprolol treatment. On average, however, MLHFQ, body weight, NT-proBNP, serum sodium
and total doses of loop diuretics were not significantly affected by bisoprolol treatment and thereby gave
no other indication of progressive heart failure.

Clinical relevance
This underpowered study gives no reason to prescribe bisoprolol in iPAH patients as no positive effects on
RVEF were found. The significant drop in cardiac index and near significant decrease in 6MWD, two
potentially negative prognostic effects, after bisoprolol treatment were not associated with a worsening
quality of life, but rather with a reduced myocardial oxygen consumption. These findings compare with
studies of beta-blocker therapy in left heart failure [37]. Further studies are needed to answer the question
of whether bisoprolol treatment is associated with serious adverse effects in PAH patients.
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Conclusion
Although careful up-titration of bisoprolol was tolerated by most patients and resulted in a decreased heart
rate, the present study demonstrated no benefit of bisoprolol in iPAH. The drop in cardiac index and
reduction in 6MWD suggest deterioration in cardiac function. This study does not favour the use of
bisoprolol in iPAH patients.
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