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Background In this multi-centre, randomised, placebo-controlled pilot trial, we investigated the clinical and haemody-

namic effects of the endothelin-receptor blocker Bosentan in patients with heart failure, preserved ejection

fraction and pulmonary hypertension (PH-HFpEF).

Materials

and

Methods

Eligible patients received either 12 weeks of Bosentan therapy, or a placebo drug. Patients were thereafter

followed for a further period of 12 weeks without the study medication. At three points during the study

(study Commencement, Week 12 and Week 24), a six-minute walk test (6MWT), echocardiographic and

laboratory assessmentswere performed, aswell as a quality of life survey. Right heart catheterisation (RHC)

was undertaken at commencement only. The studywas aborted early, after an interim analysis favoured the

placebo.

Results Six-minute walk distance (6MWD) did not change in the Bosentan group (309.7 � 96.3m (Commencement),

317.0 � 126.1m (Week 12), 307.0 � 84.4m (Week 24); p = 0.86), but almost reached statistical significance in

the placebo group from 328.8 � 79.6m, to 361.6 � 98.2m and 384.0 � 74.9m (Week 24); p = 0.075. In

the placebo group, estimated systolic pulmonary artery pressure (measured via echocardiography)

significantly decreased (from 62.3 � 16.7 mmHg [Commencement], 45.3 � 13.9 mmHg [Week 12], to

44.6 � 14.5 mmHg [Week 24]; p = 0.014) as did right atrial pressure (13.1 � 5.3 [Commencement],

10.0 � 3.8 [Week 12], to 9.4 � 3.2 [Week 24]; p = 0.046).

Conclusion Despite this study’s limited sample size and premature cessation, it nevertheless suggests that endothelin

receptor blockade in patients with PH-HFpEFmay have no beneficial effects and could even be detrimental

in comparison to a placebo.
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All rights reserved.

*Corresponding author at: University Teaching Hospital Hall in Tyrol, Milserstraße 10, A-6060 Hall in Tyrol, Austria. phone: 0043/50504;

Fax: +0043/50504-36148, Email: wilhelm.grander@tirol-kliniken.at

Heart, Lung and Circulation (2016) xx, 1–9

1443-9506/04/$36.00

http://dx.doi.org/10.1016/j.hlc.2016.09.004

ORIGINAL ARTICLE

HLC 2203 1–9

Please cite this article in press as: Koller B, et al. Pilot Study of Endothelin Receptor Blockade in Heart Failure with Diastolic
Dysfunction and Pulmonary Hypertension (BADDHY-Trial). Heart, Lung and Circulation (2016), http://dx.doi.org/
10.1016/j.hlc.2016.09.004

mailto:wilhelm.grander@tirol-kliniken.at
http://dx.doi.org/10.1016/j.hlc.2016.09.004
http://dx.doi.org/10.1016/j.hlc.2016.09.004
http://dx.doi.org/10.1016/j.hlc.2016.09.004


19
20 Introduction
21 One to two per cent of adults in developed countries suffer

22 from heart failure, yet nearly half of these patients are diag-

23 nosed with heart failure with preserved ejection fraction

24 (HFpEF), defined as a left ventricular ejection fraction (LVEF)

25 � 50%. [1] Pulmonary hypertension (PH) is very common

26 in HFpEF patients, with a reported occurrence of 70 to 83%.

27 [2–4] HFpEF seems to be themost common cause of PH in the

28 elderly.[5] Pulmonary hypertension with left heart disease

29 [2] is considered to be a result of chronic elevation in left

30 ventricular filling pressure.[6,7] A subset of patients may

31 develop combined post-capillary and pre-capillary PH with

32 a diastolic pressure gradient (DPG) � 7 mmHg and/or a

33 pulmonary vascular resistance (PVR) > 3 Wood Units

34 (WU) [2] as a consequence of additional pulmonary arterial

35 vasoconstriction and remodelling.[4,8] Pulmonary hyperten-

36 sion in heart failure is associated with a poorer prognosis.

37 [2–4,9] One recently published study reported improvements

38 in mean pulmonary artery pressure (PAPm), right ventricle

39 function and quality of life (QOL) with the phosphodiester-

40 ase 5 inhibitor sildenafil,[3] suggesting PH as a therapeutic

41 target in patients with PH-HFpEF. In the RELAX-trial, sil-

42 denafil had no beneficial effects with respect to peakVO2 and

43 6MWT. However in this study, PH was not pre-specified nor

44 was sildenafil targeted to this condition.[10] Several other

45 small studies invasively measuring PH may confirm the

46 ineffectiveness of sildenafil in PH-HFpEF.[11,12]

The endothelin-1 system plays an important role in cardiac

47 remodelling, and regulating vascular tone in both the pulmo-

48 nary and peripheral systems. [13–15] Bosentan, a non-selec-

49 tive endothelin receptor antagonist (ERA), is widely used in

50 pulmonary arterial hypertension.[2] Although they showed

51 improvements in exercise capacity and haemodynamics in a

52 small cohort of patients with Eisenmenger syndrome,[16]

53 ERAs failed to show beneficial effects in other studies con-

54 cerning systolic heart failure.[17–21] The endothelin A recep-

55 tor blocker sitaxsentan recently demonstrated an increased

56 exercise tolerance in HFpEF patients, but this study does not

57 concern PH and haemodynamic measures of pulmonary cir-

58 culation.[22]

59 To summarise, until now no single medication has dem-

60 onstrated beneficial effects in controlled trials dealing with

61 PH-HFpEF.[2] We hypothesised that Bosentan 125 mg twice

62 daily as used in several studies [16,19,23] may improve

63 6MWT, echocardiographic measures and/or QOL.

64 Materials and Methods
65 This study was performed between 2009 and 2011 as a

66 randomised, placebo-controlled, multi-centre trial in four

67hospitals in Austria. Because of safety concerns, the study

68was designed as pilot study with only a small sample size.

69The primary objective was to observe a statistically signifi-

70cant difference in 6MWD between placebo and Bosentan at

71Week 12. Secondary objectiveswere to observe a difference in

726MWD at Week 24, as well as to measure changes in

73NTpBNP, NYHA functional classes, echocardiographically

74assessed haemodynamic parameters of the right ventricle,

75and subjective QOL measures at Week 12 and 24. The study

76protocol was approved by the ethics board of the Innsbruck

77Medical University and the local ethics boards of all partici-

78pating hospitals, as well as the AGES-Pharm Med, a govern-

79mental institution for interventional trial. The BADDHY-trial

80was registered at the European Medicines Agency (EMEA,

81EudraCT number: 2008-005514-40) and at clinicaltrials.gov

82(NCT00820352). All patients gave written informed consent

83and the study was performed in accordance with the Decla-

84ration of Helsinki.

85Study Population and Screening
86In order to be included in this trial, patients were required to

87be aged between 18 to 75 years and to suffer from PH-HFpEF

88and right ventricular dysfunction, without worsening for at

89least four weeks before randomisation. Participants were

90recruited in specialised heart failure units. In all patients, a

916MWT was performed if PH-HFpEF was suspected, as well

92as echocardiography. Those patients who were only able to

93walk between 150 and 450 m in six minutes were then

94indicated for RHC.

95PH-HFpEF was defined as a PAPm > 25 mmHg at rest and

96a pulmonary artery wedge pressure (PAWP) of > 15 mmHg

97according to the ESC guidelines on PH at the time of study.

98[24] Right ventricular dysfunction and diastolic heart failure

99were defined according specific ESC-guidelines.[25,26]

100Exclusion criteria were age under 18 and over 75 years,

101no written informed consent, pregnancy and lactation, not

102guideline-conform heart failure therapy an LVEF of < 50%,

103moderate to severe aortic and mitral valve disease, coro-

104nary heart disease or peripheral artery disease limiting

105physical activity, PH patients with an aetiology other than

106group 2 PH, more than three-fold elevated liver enzymes,

107haemoglobin values < 10 g/dl, known allergy or hypersen-

108sitivity against the study medication, and medication with

109Rifampicin, Glibenclamid, Cyclosporin-A, Tacrolimus or

110Sirolimus.

111Study Phases
112This studywas performed in three phases. The first contained

113screening andRHC.During the second (interventional) phase,

114eligible patients received study medication for 12 weeks

115followed by an assessment of 6MWT, echocardiography,
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116 QOL-Assessment and laboratory investigations.The thirdwas

117 a non-interventional follow-up phase (without study medica-

118 tion) for another 12weeks.AtWeek 24 the same investigations

119 as inWeek 12were performed (Figure 1). No patient entered a

120 physical rehabilitation program.

121 Study Medication
122 Bosentan 65 mg b.i.d. was given for four weeks, followed

123 by 125 mg b.i.d. for eight weeks. Pharma-spheres pellets

124 (Allphamed Pharbil Arzneimittel GmbH) were used as pla-

125 cebo. To ensure blinding, placebo and Bosentan were capsu-

126 lated and randomised by block randomisation with the

127 assistance of a drug company (Mono Chem-Pharm, Wien,

128 Austria). Compliance and adherence to the studymedication

129 was checked at each visit by pill count. Dosage of co-med-

130 ications was at the discretion of physicians to limit symptoms

131 and establish heart rate, blood-pressure and weight control.

132 Six Minute Walk Test
133 The 6MWT was performed according to the 2002 guidelines

134 of the American Thoracic Society [27] at screening, Week 12

135 and Week 24.

136 Laboratory Measurements
137 Complete blood count, liver enzymes, creatinine, calculated

138 glomerular filtration rate, electrolytes and C-reactive protein

139 (CRP) were measured at the local hospitals at Screening,

140 Week 2, 4, 6, 8, 12, 16 and 24. N-terminal pro brain-type

141 natriuretic peptide (NTpBNP) was measured at Commence-

142 ment, Week 12 and Week 24.

143 Echocardiography
144 Echocardiographic measurements followed a standardised

145 protocol and were performed at screening, Week 12 and

146Week 24, or after suspected worsening of heart failure.

147Ejection fraction was measured by the biplane Simpson

148method. Ventricular and atrial diameters were quantified

149in the apical four-chamber view. Diastolic dysfunction

150and right ventricle dysfunction were assessed according

151to pre-defined parameters specified in the inclusion crite-

152ria. Pulmonary hypertension was calculated via the trans-

153tricuspid pressure gradient plus the estimated right-atrial

154pressure (RAP) deducted from vena cava size and respi-

155ratory variations.[25]

156Right Heart Catheterisation
157Right heart catheterisation was performed according to local

158protocols. Systolic (PAPs), diastolic and mean pulmonary

159artery pressure, PAWP, PVR as well as peripheral vascular

160resistance index and central venous pressureweremeasured.

161Right heart catheterisation was performed at commencement

162of this pilot trial to avoid further potential risks associated

163with RHC.

164Quality of Life Assessment and Safety
165Quality of Life was measured by Minnesota Living with

166Heart Failure Questionnaire (MLHFQ, University of Minne-

167sota) and Short Form 36 (SF-36) 4 weeks form (license by

168Testzentrale.de). Both assessments were performed at Com-

169mencement, Week 12 and Week 24.

170Worsening of heart failure was defined as clinical symp-

171toms and signs of congestionwith new onset of dyspnoea, leg

172oedema, pulmonary congestion and the need for diuretic

173therapy adjustment.

174Interim Analysis
175The study was planned to include 40 patients (20 in each

176group). However, since patient recruitment and inclusion

Figure 1 Flow diagram. Overview of study population and study phases.
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177 was limited due to safety concerns about ERA in heart fail-

178 ure, an unplanned interim analysis was performed after

179 20 patients had been included. The results of this analysis

180 – which favoured the placebo and therefore restricted

181 funding – ultimately drove the decision to prematurely abort

182 the study.

183 Statistics
184 The primary objective of this pilot study was to show a

185 statistically significant difference in the 6MWT at Week 12

186 between treatment groups. Secondary objectives were to

187 observe a difference in the 6MWT at Week 24, in the echo-

188 cardiographically assessed systolic pulmonary artery pres-

189 sures (PASP) and estimated right-atrial pressures, as well as

190 QOL assessments at Weeks 12 and 24 respectively.

191 The study was planned to include a sample size of

192 40 patients, which would prospectively require a mean dif-

193 ference of 35 m in 6MWT between the treatment groups in

194 order to be statistically significant (with 80% power).

195 In the actual smaller sample size (due to early termination)

196 using 80% power, a difference of approximately 100mwould

197 be needed to demonstrate statistically significance (depend-

198 ing on the observed standard deviations).

199 Continuous data are presented as mean values with stan-

200 dard deviation, if not otherwise indicated. Normality distri-

201 bution of variables was tested with Shapiro Wilks tests and

202 was fulfilled in all variables except CRP and NTpBNP. Base-

203 line characteristics between Bosentan and placebo were com-

204 pared with either Student’s t-test for normal distributed

205 continuous variables, Mann-Whitney-U test for non-normal

206 distributed continuous variables or Fisher‘s exact test for

207 categorical variables. Analysis of variance for repeated mea-

208 surement was performed to compare outcome variables such

209as 6MWTbetween the treatment groups and placebo over the

210three study phases.

211A Spearman-Rho correlation analysis was performed to

212determine the relationship between systolic pulmonary arte-

213rial pressures obtained via echocardiography and those

214derived from pulmonary artery catheterisation. P-values

215<0.05 were considered to indicate statistical significance.

216The SPSS software package (SPSS 13.0; SPSS Inc; Chicago,

217IL) was used for all statistical analyses.

218Results
219Twenty-four eligible patients underwent RHC. Twenty of

220them were included in the BADDHY-Trial – of these, nine

221received Bosentan. Baseline characteristics of the two groups

222were well balanced, except for LVEF and co-medication with

223beta blockers and thiazide diuretics (Table 1).

Fourpatients exited the studyearlydue to side effects,which

224included: headache (placebo n = 1, Bosentan n = 1), unspecific

225complaints (placebon = 1) anda three-foldriseof liver function

226enzymes (Bosentan n = 1). One patient of the placebo group

227withdrew informed consent at Week 2 (Figure 1).

228Six Minute Walk Test
229Six minute walk test results for patients in the Bosentan

230group at study Commencement, Week 12 and Week 24 were

231309.7 � 96.3 m, 317.0 � 126.1 m and 307.0 � 84.4 m. In the

232placebo group, distances almost significantly increased from

233328.8 � 79.6 m, to 361.6 � 98.2 m, to 384.0 � 74.9 m (Week 0,

234Week 12, Week 24; p = 0.08). At Week 24, the placebo group

235had a better, though not significant, 6MWT in comparison to

236the Bosentan group (384.0 � 74.9 vs 307.0 � 84.4m; p = 0.084;

237Figure 2).

Figure2 Line diagram ofmean 6 minute walk distance. Six minute walk distance improved in the placebo group from study
entrance toWeek 24 (p = 0.08). P values for trend were calculated over the whole study periods. Each line represents a single
patient. The thick lines represent mean values.
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238 Echocardiography
239 At study commencement, PASP strongly correlated with

240 PAPs assessed by RHC (r = 0.8; p = 0.009). Within the pla-

241 cebo group there was a significant decrease of PASP; from

242 62.3 � 16.7 mmHg to 45.3 � 13.9 mmHg at Week 12 and to

243 44.6 � 14.5 at Week 24 (p = 0.01; Figure 3).

Additionally estimated right-atrial pressures in the placebo

244 group significantly decreased from 13.1� 5.3 mmHg to

245 9.4� 3.2 mmHg after 24 weeks (p = 0.046). There were no

246differences or changes for right ventricular end-diastolic

247diameter, and TAPSE between and within the study groups

248(Table 2).

249Quality of Life Assessment, Safety and
250Clinical Parameters and Safety
251There was no difference in body weight and QOL either

252determined by the MLHFQ, or by the SF-36 between

253or within the two groups throughout all study phases

Table 1 Baseline characteristics.

Unit Bosentan Placebo p-value

n 9 11

Female Sex N, (%) 4, (44) 5, (45.5)

Age Years (SD) 68.1 (9.7) 67.4 (10.0) p = 0.87

BMI kg/m2 (SD) 29. (8.2) 29.5 (4.5) p = 0.87

eGFR* ml/min (SD) 72.4 (36.7) 73.6 (30.8) p = 0.94

Furosemid % of patients

mean dose mg (SD)

66.7

32.2 (29.4)

90.9

45.9 (32.3)

p = 0.36

Thiazide diuretics % of patients

mean dose mg

55.6

20.8 (22.5)

36.4

4.5 (6.3)

p = 0.03

ACE Inhibitor % of patients

% of maximum dose

44.4

19.4

45.5

34

P = 0.45

AT II Blocker % of patients

% of maximum dose

33.3

19.4

45.5

20.5

P = 0.67

ß-Blocker % of patients

% of maximum dose

33.3

13.9

90.9

59.1

P = 0.01

Weight kg (SD) 81.2 (26.8) 81.9 (17.3) p = 0.94

6MWT baseline M (SD) 309.0 (86.7) 302.3 (86.7) p = 0.87

Haemodynamics

Heart Rate bpm (SD) 76.6 (15.5) 75.3 (12.8) p = 0.87

RRsyst mmHg (SD) 137.0 (16.9) 116.2 (39.1) p = 0.15

RRdiast mmHg (SD) 78.2 (6.3) 74.9 (11.4) p = 0.45

PAPm mmHg (SD) 35.9 (11.4) 41.0 (10.1) p = 0.30

PAWP mmHg (SD) 21.0 (4.5) 21.2 (3.7) p = 0.92

TPG mmHg (SD) 14.9 (9.0) 19.8 (8.5) p = 0.22

PVR WU (SD) 3.7 (2.5) 4.6 (1.2) P = 0.48

Echocardiography

LVEF % (SD) 55.9 (5.0) 65.1 (6.5) P = 0.003

RVEDD mm (SD) 44.8 (6.7) 41.0 (7.4) p = 0.25

TAPSE mm (SD) 19.1 (13.4) 14.9 (4.6) p = 0.34

PASP mmHg (SD) 61.0 (17.3) 66.2 (17.0) p = 0.51

Laboratory

NTpBNP pg/ml (SD) 2651,91 (3356,40) 2353,45 (965,03) p = 0.78

Quality of Life

MLHFQ points reached (SD) 52.3 (24.6) 61.0 (17.5) p = 0.38

SF-36, physical sum scale points reached (SD) 30.3 (7.7) 33.4 (4.6) p = 0.29

SF-36, mental sum scale points reached (SD) 38.7 (14.2) 29.5 (10.2) p = 0.12

* for estimation of the creatinin clearance the Cockroft-Gault formula was used; (SD): standard deviation; eGFR: estimated glomerular filtration rate. BMI: body

mass index;MRA:mineralocorticoid receptor antagonists; 6MWT: sixminutewalk test; PAPm:mean pulmonary artery pressure; PAWP: pulmonary arterywedge

pressure; TPG: transpulmonary gradient; LVEF: left ventricular ejection fraction; RVEDD: right ventricular end diastolic diameter; RRsyst: systolic blood pressure;

RRdiast: diastolic blood pressure; TAPSE: tricuspid annular plane systolic excursion; PASP: echocardiographic estimated systolic pulmonary artery pressure;

NTpBNP: n-terminal pro brain type natriuretic peptide; MLHFQ: Minnesota Living with Heart Failure Questionnaire; SF-36: short form 36
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254 (Table 2). There were no acute heart failure episodes during

255 the intervention phase, whereas in the follow-up phase

256 four patients developed symptoms of congestive heart

257 failure: Bosentan n = 3, placebo n = 1 [dyspnoea (n = 4),

258 peripheral oedema (n = 3) and pleural effusions (n = 1)].

259 All of them were admitted to hospital and received intra-

260 venous diuretic therapy. For the dynamic of NYHA func-

261 tional classes and co-medication see Figure 4 and Table 1

262 and 2 respectively.

263Discussion
264This is the first study investigating the effects of Bosentan in

265PH-HFpEF. Overall PH was moderate (PAPm 38.7

� 10.7 mmHg; Table 1) but the assumed left atrial pressure

267was substantial according to a mean PAWP of 21.1 mmHg

� 3.9 mmHg at study commencement.

269Right ventricle dysfunction was inferred when RVEDD,

270TAPSE and RAP were beyond normal range. Right-atrial

Figure 4 Distribution of NYHA functional classes over study periods.

Figure 3 Line diagram of echocardiographic estimated systolic pulmonary arterial pressure. PASP decreased highly
significant in the placebo group over the course of the study (p = 0.01). P values for trend were calculated over the whole
study periods. Each line represents a single patient. The thick lines represent mean values.
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271 pressure is reported to be one of the most important mea-

272 sures of right ventricle dysfunction with regard to clinical

273 outcome. [28]

274 In accordance with the 2009 guidelines on PH, 65% of our

275 patients (Bosentan n = 5, placebo n = 8) had a transpulmo-

276 nary gradient (TPG) of more than 12 mmHg.[24] Nowadays,

277 the 2015 ESC guidelines on PH define combined post-capil-

278 lary and pre-capillary PH by a PAPm > 25 and a DPG of �
279 7 mmHg.[2] Only 25% of our cohort (Bosentan n = 3, placebo

280 n = 2) would comply with this definition.

281 Our study could not demonstrate a benefit of Bosentan in

282 any of our measurements when compared to placebo.

283 Throughout the study, up until and including the non-inter-

284 ventional phase, the 6MWT was consistently better in the

285placebo group. This improvement was accompanied by a

286significant decrease of PASP and RAP. In our opinion, this

287observation is probably due to a relevant decrease of left

288ventricle filling pressures resulting from co-medication.

289Endothelin receptor antagonists are known to lead to oedema

290and congestion in patients with heart failure [19,21,29] and

291hence may offset the positive effects of co-medication seen in

292the placebo group. In fact, the overall diuretic load was even

293higher in the Bosentan group due to thiazides. However we

294could not find significant differences in bodyweight or blood

295pressure between both groups. This finding may simply be

296one of chance, due to under-powered statistics (Table 2).

297Filling pressures may increase dramatically in HFpEF

298patients during exercise,[4] so even small differences in

Table 2 Overview of outcomes at week 0, week 12 and week 24.

Parameter Week 0 Week 12 Week 24 P value for trend

6MWT

(m)

Bosentan (n = 7)

Placebo (n = 8)

309.7 � 96.3

328.8 � 79.6

317.0 � 126.1

361.6 � 98.2

307.0 � 84.4*

384.0 � 74.9*

p = 0.86

p = 0.08

Weight

(kg)

Bosentan (n = 7)

Placebo (n = 8)

81.3 � 30.8

77.2 � 16.6

82.7 � 33.7

77.9 � 19.0

82.9 � 33.4

79.1 � 18.9

p = 0.86

p = 0.26

Heart rate

(bpm)

Bosentan (n = 7)

Placebo (n = 8)

89.6 � 12.8

82.0 � 13.8

88.9 � 12.4

85.4 � 15.1

83.7 � 20.6

90.8 � 14.6

p = 0.03

p = 0.33

RRsyst

(mmHg)

Placebo (n = 8)

Bosentan (n = 7)

125. 0 � 21.3

136.7 � 19.5

123.1 � 15.6

130.4 � 23.1

123.1 � 12.5

134.1 � 21.4

p = 0.66

p = 0.85

RRdiast

(mmHg)

Placebo (n = 8)

Bosentan (n = 7)

73.6 � 13.3

78.7 � 6.9

75.1 � 12.4

74.4 � 14.0

74.4 � 11.2

76.0 � 9.6

p = 0.91

p = 0.72

PASP

(mmHg)

Bosentan (n = 7)

Placebo (n = 8)

63.1 � 18.4

62.3 � 16.7

61.9 � 24.7

45.3 � 13.9

58.0 � 15.2y
44.6 � 14.5y

p = 0.54

p = 0.01

Est. RApress

(mmHg)

Bosentan (n = 7)

Placebo (n = 8)

11.4 � 5.6

13.1 � 5.3

12.1 � 3.9

10.0 � 3.8

10.7 � 5.3

9.4 � 3.2

p = 0.88

p = 0.046

RVEDD

(mm)

Bosentan (n = 7)

Placebo (n = 8)

45.6 � 7.4

39.5 � 7.4

41.6 � 7.0

40.1 � 9.1

43.3 � 5.3

38.8 � 7.0

p = 0.39

p = 0.73

TAPSE

(mm)

Bosentan (n = 7)

Placebo (n = 8)

18.0 � 15.2

13.5 � 4.6

19.9 � 5.1

15.7 � 4.5

18.1 � 5.9

15.1 � 3.2

p = 0.72

p = 0.22

LAD§ (long axis; mm) Bosentan (n = 7)

Placebo (n = 8)

62.8 � 18.5

58.5 � 7.7

59.0 � 10.3

62.08 � 7.7

54.1 � 10.6

57.1 � 14.5

p = 0.50

p = 0.60

PSCk Bosentan (n = 7)

Placebo (n = 8)

30.0 � 9.1

34.4 � 4.5

35.4 � 9.6

38.4 � 9.3

33.0 � 11.5

37.1 � 8.4

p = 0.39

p = 0.13

MSC# Bosentan (n = 7)

Placebo (n = 8)

41.4 � 14.5

32.1 � 7.3

42.6 � 19.4

40.7 � 13.0

39.6 � 16.9

36.1 � 16.1

p = 0.81

p = 0.19

MLHFQ Bosentan (n = 7)

Placebo (n = 8)

47.3 � 24.8

59.4 � 19.1

37.7 � 23.2

41.3 � 24.0

49.2 � 21.4

41.3 � 16.4

p = 0.45

p = 0.21

NTpBNP (pg/ml) Bosentan (n = 7)

Placebo (n = 8)

2613.6 � 3567.4

2239.0 � 1058.2

1517.3 � 1859.4

2046.4 � 1230.9

3022.6 � 3601.0

2228.8 � 1490.0

p = 0.44

p = 0.81

Loop diuretics (mg) Bosentan (n = 7)

Placebo (n = 8)

31.4 � 33.8

38.8 � 22.3

89.3 � 183.1

42.5 � 23.1

89.3 � 183.1

55.0 � 47.8

p = 0.38

p = 0.35

Thiazide diuretics (mg) Bosentan (n = 7)

Placebo (n = 8)

26.8 � 22.2**

4.7 � 6.5**

29.6 � 24.9##

4.7 � 6.5##

27.1 � 22.4##

4.7 � 6.5##

p = 0.36

n.a.

*: p-value for between groups p = 0.084; y: p-value for between groups p = 0.10; z: p-value for between groups p = 0.09; § LAD: left atrial diameter; k PSC: physical
sum scale SF-36; # MSC: mental sum scale SF-36; **: p-value for between groups p = 0.018; ##: p-value for between groups p = 0.017; n.a.: not applicable

Pilot Study of Endothelin Receptor Blockade 7

HLC 2203 1–9

Please cite this article in press as: Koller B, et al. Pilot Study of Endothelin Receptor Blockade in Heart Failure with Diastolic
Dysfunction and Pulmonary Hypertension (BADDHY-Trial). Heart, Lung and Circulation (2016), http://dx.doi.org/
10.1016/j.hlc.2016.09.004

http://dx.doi.org/10.1016/j.hlc.2016.09.004
http://dx.doi.org/10.1016/j.hlc.2016.09.004


299 overloading the left ventricle – not recognised by body

300 weight measures – may worsen or limit improvement of

301 6MWT in patients treated with Bosentan. Therefore, our

302 study design of an interventional and non-interventional

303 follow-up period of the entire group, and subsequent impres-

304 sive increase of 6MWT, suggests that Bosentan may even

305 actively worsen outcome.

306 Our study is in line with several other studies dealing with

307 HFpEF and PH, all ofwhich have been unable to demonstrate

308 favourable clinical effects of Bosentan [10,11,30]. In the

309 recently published DILATE-1 study, Riociguat was tested

310 in PH-HFpEF patients with a comparable sample size as

311 in our study. It also could not demonstrate beneficial effects

312 on PAPm, TPG or PVR. The authorswere able to demonstrate

313 an increased stroke volume and decreased systolic blood

314 pressure, as well as right ventricular end-diastolic area, in

315 patients administered Riociguat.[30] However, these effects

316 seem to be primarily deducted from lowering PVR than

317 direct effects on the pulmonary vasculature. Unfortunately

318 they do not explain the clinical effects of Riociguat on exer-

319 cise capacity.

320 Our study had several limitations. First, the small sample

321 size was the main limitation in interpreting the results, even

322 though follow-up measures correcting for multiple testing

323 served to strengthen the statistical power of the results. For

324 safety purposes we undertook an interim analysis after

325 20 patients had been included and 15 patients had completed

326 the 24-week trial. The results of this analysis informed the

327 decision to abort the trial. Furthermore, the surprisingly

328 strong and long-lasting placebo effect may even suggest a

329 harmful effect of Bosentan. This finding, however, may not

330 apply to patients with combined pre- and postcapillary

331 PH according to the newer definition.

332 Secondly, the 6MWT is controversially discussed as a

333 potent outcome parameter in PH, but it is used in most

334 studies as a primary endpoint. In this study, the dual assess-

335 ment of 6MWT improvement, in combination with the

336 dynamics of echocardiographic parameters, gives rise to a

337 meaningful interpretation of this test in patients with PH-

338 HFpEF.

339 Thirdly, the placebo group was treated more frequently

340 and more intensely with beta blockers. Beta blockers do have

341 a relatively lesser impact on blood-pressure in elderly

342 patients,[31] but may influence chronotropic competence.

343 [32] In our study we did not find differences in heart rates

344 between both groups when directly measured after 6MWT

345 (Table 2). Lastly we did not repeat RHC due to the associated

346 risk/benefit ratio in the case of a pilot studyQ3 .

347 Conclusions
348 Dual endothelin receptor blockade is probably of no

349 benefit in patients with PH-HFpEF and may even have

350 detrimental effects. Further studies should be undertaken

351 with clearly defined combined pre-capillary and post-cap-

352 illary PH.
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