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Abstract

BACKGROUND: Evolution of pulmonary vascular disease, ventricular 
loading conditions and natural course differ importantly between 
Eisenmenger syndrome (ES) patients with pretricuspid shunts compared 
to those with posttricuspid shunts. It has been suggested therefore 
that response to bosentan, a dual endothelin receptor antagonist, may 
differ in these patient groups. Pretricuspid-ES may respond positively, 
similar to patients with idiopathic pulmonary arterial hypertension, 
whereas posttricuspid ES may have lesser clinical benefit and be at risk 
for desaturation. In BREATHE-5, the first randomized, placebo-controlled 
study in ES, bosentan improved hemodynamics and exercise capacity 
with no adverse effect on oxygen saturation (SpO2). Patients with 
atrial septal defects (ASDs) or ventricular septal defects (VSDs) 
were included. The purpose of this subgroup analysis was to determine  
 if ASD data drove the overall positive study results. 

METHODS: This 16-week study included ES patients with ASDs ≥ 2 cm in 
diameter and VSDs ≥ 1 cm, and hypoxia (SpO2 between 70–90%). 
Methods have been described previously.

RESULTS: Five ASD patients were randomized to placebo, 8 to bosentan.  
12 VSD patients were randomized to placebo, 29 to bosentan. PVRi:  
after 16 weeks, bosentan treatment effect for ASDs was –542.0 
(S.E. 405.4) dyn.sec.cm–5, 95% CI=[–1434.4, 350.3]; for VSDs, –412.3 
(S.E. 263.9) dyn.sec.cm–5, 95% CI=[–946.4, 121.9]. mPAP: Treatment 
effect for ASDs was –11.2 (S.E. 5.6) mmHg, 95% CI=[–24.0, 1.6]; for 
VSDs, –3.6 (S.E. 2.9) mmHg, 95% CI=[–9.4, 2.2]. 6MWD: Treatment 
effect for ASDs was 89.7 (S.E. 55.5) m, 95% CI=[–32.3, 211.8]; for 
VSDs, 35.3 (S.E. 16.9) m, 95% CI=[1.0, 69.5]. No adverse effects on 
SpO2 were observed in both groups.

CONCLUSIONS: Improvements in hemodynamics without desaturation  
were found in both ASD and VSD subgroups that were of similar  
magnitude as the primary analysis. The 6MWD, of greatest 
clinical relevance, showed a positive trend in the ASD group, 
and maintained a treatment effect in the VSD group. These 
subgroup analyses results confirm that the inclusion of ASDs did 
not confound the positive results of BREATHE-5, which comprised 
mainly VSDs with severe PAH.
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Introduction

	 �Eisenmenger syndrome (ES) is a congenital heart defect that:

	 –		 initially causes a major left-to-right shunt

	 –		� induces severe pulmonary vascular disease and pulmonary arterial 
hypertension (PAH)

	 –		� ultimately results in reversal of the direction of shunting and 
development of cyanosis1

	 ��Consequently ES patients have very poor exercise tolerance in 
comparison with other forms of congenital heart disease (CHD)2 and 
have a markedly reduced quality of life

	 �The structural abnormalities occurring in the pulmonary circulation 
are histologically similar to those seen in other forms of PAH3 and, as  
with idiopathic PAH (iPAH), plasma concentrations of endothelin  
have been shown to be elevated in PAH related to CHD.4 Endothelin 
mediates its deleterious effects (vascular hypertrophy, inflammation, 
fibrosis, and vasoconstriction) through both the ETA and ETB receptors

	 �In the first placebo-controlled trial in patients with ES (BREATHE-5), 
the dual endothelin receptor antagonist, bosentan, improved exercise 
capacity and hemodynamics in these severely compromised patients,  
without reducing peripheral oxygen saturation.5 Improved exercise  
capacity was persistent up to 40 weeks in the open-label extension study6

	� Pulmonary vascular disease, ventricular loading conditions and natural  
course differ importantly between ES patients with pretricuspid 
shunts (ASDs) and those with posttricuspid shunts (VSDs). These may  
impact on therapy with bosentan

	� The purpose of this subgroup analysis was to explore the response 
to bosentan within both the ASD and VSD groups

Methods

	� �The 16-week BREATHE-5 study included ES patients > 12 years of 
age in WHO functional class (WHO FC) III, and has been described in 
detail elsewhere5

	� �Eisenmenger physiology was established echocardiographically as an 
ASD ≥ 2 cm in diameter and/or a VSD ≥ 1 cm in diameter, associated  
with right-to-left shunting

	� �Systemic pulse oximetry (SpO2) of 70–90% at rest with room air and a 
baseline 6-minute walk distance (6MWD) of 150–450 m were required 
for inclusion

	� The first primary endpoint was change in SpO2 from baseline to week 
16 and the second primary endpoint was change in pulmonary vascular 
resistance index (PVRi) from baseline to week 16

	� Secondary endpoints included changes from baseline in mean 
pulmonary arterial pressure (mPAP), 6MWD and pulmonary blood 
flow index (Qpi)

	� �Treatment comparison was carried out using non-inferiority testing for 
the first primary endpoint (change in SpO2 in the per protocol set) and 
superiority testing for the second primary endpoint (change in PVRi in 
the all-randomized set). The two endpoints were analyzed in ordered 
sequence at a two-sided alpha level of 0.05. The non-inferiority limit 
was pre-set to –5%

	� �Although normal distribution of PVRi and 6MWD is assumed, due to the 
low number of observations and due to the nature of the substitution 
rules, medians are considered more appropriate location parameters. 
They are presented together with means to allow comparison with 
other published data

Results

Patients

	� In BREATHE-5, 54 patients had an ASD (n = 13), a VSD (n = 36) or an ASD 
and a VSD (n = 5), and were randomized to receive either bosentan or 
placebo. For the purposes of the present analyses, two CHD subgroups 
were defined: patients with an ASD (n = 13) and patients with a VSD or 
both an ASD and a VSD (VSD/ASD + VSD; n = 41) (Table 1)

Effects on SpO2 and PVRi

	� The primary concern in the therapeutic management of ES patients 
is aggravation of the cardiac shunt, resulting in worsening cyanosis 
and reduced exercise capacity. After 16 weeks, no change in SpO2 was 
observed in patients in the ASD or in the VSD/ASD + VSD subgroups 
with either bosentan or placebo (Table 2)

	� After 16 weeks, a treatment effect (TE) was observed in both 
CHD subgroups for PVRi (Figure 1 and Table 2). These TEs were 
of a similar magnitude as in the primary analysis of BREATHE-5 
(−472.0 dyne.sec/cm5; P = 0.0383)

Secondary endpoints

	� Consistent with a bosentan-induced decrease in PVRi without 
desaturation, positive TEs were observed in exercise capacity in both 
CHD subgroups (Figure 2)

	� The effects of treatment with bosentan on mPAP and Qpi are presented in  
Table 3

Conclusions

	� �Improvements in cardiopulmonary hemodynamics, without desaturation,  
were observed in both the ASD and VSD/ASD + VSD subgroups and were 
of a similar magnitude as in the primary analysis of the BREATHE-5 trial

	� A favorable TE on the 6MWD was also observed in both ASD and 
VSD/ASD + VSD subgroups

	� The influence of the deterioration of the placebo group in the final 
TEs on both hemodynamics and exercise capacity seems to be larger in 
the ASD subgroup. However, this observation may be influenced by the 
small sample size of the two subgroups

	� The results from this subgroup analysis suggest different patterns of 
response in the bosentan groups compared with the placebo groups. 
However, this needs to be confirmed in larger studies. Nevertheless, the 
final treatment effect in both ASD and VSD/ASD + VSD subgroups is 
consistent with the overall BREATHE-5 results
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Table 1: Baseline functional and hemodynamic characteristics

 
Congenital heart defect
ASD (n)
VSD/ASD + VSD (n)

Bosentan (n = 37) 

8
29

Placebo (n = 17) 

5
12

SpO2, mean ± SD (%)* 
ASD
VSD/ASD + VSD

84.1 ± 6.0
81.9 ± 5.2

83.0 ± 3.7
83.8 ± 5.7

PVRi, mean ± SD (dyne.sec/cm5)
ASD
VSD/ASD + VSD

2327.5 ± 827.7  
3738.7 ± 1393.7

2470.9 ± 692.3
3036.2 ± 1360.3

6MWD, mean ± SD (m)
ASD
VSD/ASD + VSD

341.3 ± 55.2
329.3 ± 89.6

380.6 ± 72.7
360.5 ± 67.6

mPAP, mean ± SD (mmHg)
ASD
VSD/ASD + VSD

62.1 ± 12.2
82.3 ± 12.2

58.5 ± 12.1
79.6 ± 19.1

* Data missing for 1 patient treated with bosentan in each CHD subgroup

Table 2: Median (95% CI) placebo-corrected TE on change from baseline to 
week 16

ASD VSD/ASD + VSD

SpO2, % 1.0 (–2.4, 10.6) 0.7 (–1.5, 2.9)

PVRi, dyne.sec/cm5 –544.0 (–1593.8, 344.7) –436.4 (–960.0, 167.0)

6MWD, m 32.5 (–16.3, 325.3) 34.0 (–1.9, 65.5)
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Figure 1: PVRi: Mean change from baseline to 16 weeks
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Figure 2: 6MWD: Mean change from baseline to 16 weeks

Table 3: Placebo-corrected TE on change from baseline to week 16 in 
hemodynamic parameters

ASD VSD/ASD + VSD

mPAP, mmHg

Mean (95% CI) –11.2 (–24.0, 1.6) (P = 0.0783) –3.6 (–9.4, 2.2) (P = 0.2210)

Median (95% CI) –9.0 (–26.6, 1.1) –4.0 (–8.6, 1.0)

Qpi (L/min/m2)

Mean (95% CI) 0.1 (–0.6, 0.7) (P = 0.8333) 0.1 (–0.2, 0.3) (P = 0.5031)

Median (95% CI) 0.0 (–0.6, 0.8) 0.1 (–0.2, 0.3)


