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Abstract

Background
The aim of this study was to describe the long-term outcomes in idiopathic pulmonary 
arterial hypertension (IPAH) treated with first-line bosentan or intravenous (I.V.) 
epoprostenol, and additional therapy as needed.

Methods 
In a single-center, retrospective longitudinal cohort, data on right heart catheterization, 
6-minute walk distance (6MWD), disease progression and mortality were collected. 
Outcomes were assessed in first-line bosentan and first-line epoprostenol patients. In 
order to reduce selection bias due to differences between the groups, 2 independent 
analyses were performed. First a comparison was made of WHO functional class (FC) 
III patients.  Second, to control for disease severity, a matched pairs analysis was 
performed, with matching according to baseline cardiac output and exercise capacity 
and irrespective of NYHA class at baseline. 

Results
Thirty seven IPAH patients initiated first-line bosentan treatment and 37 first-line I.V. 
epoprostenol. Twenty-nine of the bosentan patients and 16 I.V. epoprostenol were in 
WHO FC III; demographic profiles were similar, although hemodynamic measurements 
and 6MWD suggested more severe disease in the I.V. epoprostenol group at treatment 
initiation. At 1 and 3 years, median change in 6MWD for patients initiating bosentan 
was +54 m (95% CI: -3; 76) and +71 m (-123; 116), respectively, and +92 (17; 
128) and +142 m (-6; 242) for I.V. epoprostenol. Absence of disease progression in 
WHO FC III at 1 and 3 years, respectively, was 72% and 45% in bosentan and 75% 
and 44% in I.V. epoprostenol. Survival at 1 and 3 years was 93% and 89% in bosentan 
and 94% and 75% in I.V. epoprostenol. Results were confirmed in matched pairs 
analysis of 16 bosentan and 16 I.V. epoprostenol patients with similar disease severity. 

Conclusions 
Greater 6MWD improvements occur in first-line epoprostenol treated patients. 
Survival and time to disease progression is similar in both first-line treatment groups. 
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Introduction

Pulmonary arterial hypertension (PAH) is a progressive disease of the pulmonary 
vasculature, leading to high morbidity, right heart failure and death. Idiopathic 
pulmonary arterial hypertension (IPAH) has an estimated incidence of 1–2 per 
million inhabitants per year.(1–4) During recent years several disease specific drug 
therapies were approved for PAH.(5) Before the availability of these therapies, a median 
survival in IPAH of 2.8 years was reported in a U.S. registry.(6) McLaughlin et al. 
described improved long-term survival in IPAH with intravenous (I.V.) epoprostenol 
therapy when compared with these historical data (7) and later demonstrated long-
term survival improvements in first-line bosentan treated patients.(8) Sitbon et al. 
compared survival in different treatment strategies, notably bosentan as first-line 
therapy followed by other therapy as needed, versus historical data on initiation of 
therapy with epoprostenol. When corrected for baseline haemodynamics, survival 
estimates for bosentan and epoprostenol were nearly identical. However, no data on 
exercise capacity were reported in this study. (9) Provencher et al. describe the long-
term outcomes of a consecutive sample of IPAH treated with first-line bosentan in 
a single centre. Mean duration of follow-up in this study was 24±15 months and, 
during this period, prostanoid therapy was added in 44% of patients. (10) No studies 
have yet investigated changes in exercise capacity and time to disease progression in 
first-line epoprostenol compared with first-line bosentan treated patients. The aim 
of this study was to describe the long-term outcomes of exercise capacity, time to 
disease progression and survival in IPAH patients who initiated I.V. epoprostenol first-
line treatment or bosentan first-line treatment and additional therapy as needed. 

Methods

Study design and patients
We performed a retrospective, longitudinal cohort study of IPAH treated at the 
VU University Medical Centre (VUMC) who initiated first-line therapy with I.V. 
epoprostenol or oral bosentan between January 1998 and December 2006. Patients 
were included if ≥18 years of age. Patients were excluded if PAH-specific treatments 
were started before an initial visit to the VUMC, or prior to 1998. 
The VUMC is a tertiary referral centre for PAH in The Netherlands. Diagnosis is 
confirmed by right heart catheterisation (RHC) and treatment is standardized. (11) 
PAH is defined by an elevated mean pulmonary artery pressure (mPAP) >25mmHg 
at rest, combined with a normal pulmonary arterial wedge pressure ≤ 15 mmHg and 
by exclusion of pulmonary embolism, parenchymal lung disease and hypoxaemia as 
underlying cause. To make a diagnosis of idiopathic PAH thereafter the possibility of 
PAH from associated causes has to be excluded.(12) At the VUMC, prior to commercial 
availability of bosentan (Tracleer®; Actelion Pharmaceuticals), WHO FC III and IV 
IPAH patients initiated I.V. epoprostenol as first-line therapy. In 2003, after bosentan 
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became available, the standardized regimen in WHO FC III IPAH patients changed to 
bosentan first-line therapy: 62.5mg b.i.d., increased to 125mg b.i.d. after one month. 
Additional PAH-specific treatments are commenced in case of a deterioration of WHO 
FC class or a greater than 10% decrease in 6-minute walk distance (6MWD) since last 
visit, measured on two occasions, in combination with increasing PAH symptoms, 
such as shortness of breath, syncope or signs of right heart failure.(11)
Today, a stepwise treatment approach is implemented in WHO FC III patients. Patients 
initiate bosentan therapy first-line with the addition of sildenafil (Revatio®; Pfizer), 
and then I.V. epoprostenol (Flolan®; GlaxoSmithKline) or subcutaneous (S.C.) 
treprostinil (Remodulin®; United Therapeutics), as required. At the VUMC, sildenafil 
has been available since 2004 and treprostinil since 2005. In WHO FC IV patients, 
epoprostenol or treprostinil are the first-line therapy options. Initially patient follow-
up is at least every 4 months, and usually once a year thereafter or more frequently 
if needed. 
Disease severity is assessed by patient symptoms, 6MWD and WHO FC designation. 
Disease progression was defined as the first occurrence following first-line treatment 
initiation of any of the following events: deterioration in WHO FC, atrial balloon 
septostomy, listing for lung transplantation, death or a 10% or more decrease in 
6MWD since last assessment or a 20% decrease in 6MWD since baseline. Other PAH-
specific medications added during follow-up, catheter infusion site related infections 
and liver enzyme abnormalities were recorded. Requirements of the hospital research 
and ethical review boards were met, including patient informed consent.

Data analysis 
Disease outcomes were assessed in patients treated with first-line bosentan and first-
line epoprostenol. Two independent analyses were performed. The first analysis was 
confined to WHO FC III idiopathic PAH to reduce selection bias due to differences 
between the treatments. According to STROBE guidelines (13,14) continuous 
variables were summarized by mean, median, standard deviation, standard error, 
25th percentile, 75th percentile, minimum, maximum and number of values and 
95% Confidence Interval (CI). Categorical data were summarized by frequencies and 
proportions and time-to-event endpoints using Kaplan-Meier methods, and including 
95% two-sided CIs of the event rate. In a second analysis to control the influence of 
disease severity at baseline, a matched pairs analysis was performed matching patients 
in both treatment groups based on cardiac output (CO) and 6MWD. In this analysis 
the allowed maximal difference in CO between matched patients was 0.5 L/min and 
the maximal difference in 6MWD 50 m. In this second analysis patients could be 
included independent of WHO FC at baseline. The analyses were performed using 
SPSS.
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Results

Patient characteristics
104 IPAH patients started first-line therapy at the VUMC: 37 started bosentan and 37 
epoprostenol. Other first-line treatments were: sildenafil (n=7), treprostinil (n=4), 
calcium channel blockers (n=7), sitaxentan (n=11) and ambrisentan (n=1). Reasons 
for starting PAH first-line therapy other than bosentan or I.V. epoprostenol were 
trial participation (n=15), positive vasoreactivity testing for the choice of calcium 
channel blockers (n=7), patient personal preference for treprostinil (n=4) and 
doctor preference (n=4). The mean (±SD)/median (min; max) exposure to first-
line therapy in the bosentan group was 27.9 (±18.2) /25.0 (1.6; 68.9) months and 
in the epoprostenol group 43.4 (±29.2)/49.1 (0.07; 104.5) months. Four of the 
37 patients were started on bosentan before it was commercially launched in Feb 
2003 and 7 of 37 patients initiated I.V. epoprostenol first-line after bosentan was 
commercially available.
Twenty-nine of the 37 patients starting bosentan and 16 of the 37 starting epoprostenol 
were in WHO FC III at the start of treatment. The demographic characteristics appear 
somewhat similar in these patients (Table 1). Hemodynamics at start of first-line 
therapy in WHO FC III patients are displayed in Table 2 and may be more severely 
impaired in the epoprostenol group, as indicated by a higher pulmonary vascular 
resistance and right atrial pressure and lower stroke volume index. 

PAH-specific therapy regimen in WHO FC III patients
Figure 1 depicts the number of WHO FC III patients starting first-line bosentan or 
epoprostenol according to year of initiation. The mean (±SD)/median (min; max) 
exposure to first-line therapy was 27.4 (±17.9)/25.0 (1.6; 60.2) months, and 
51.4 (±26.2)/57.8 (0.6; 97.1) months in first-line bosentan and I.V. epoprostenol 
patients, respectively.
Of the patients with bosentan first-line therapy, 11 (37.9%) received one additional 
PAH-specific medication and 8 (27.6%) received two. In 1 patient, a PAH-specific 
therapy was added and subsequently a switch from bosentan to another PAH-specific 
therapy was made. Four patients (13.8%) switched to another PAH-specific medication 
and 5 (17.2%) stayed on bosentan monotherapy throughout the observation period. 
Twenty (69.0%) of the first-line bosentan therapy patients received sildenafil, 3 
(10.3%) I.V. epoprostenol, 4 (13.8%) S.C. treprostinil and 2 (6.9%) oral treprostinil 
as part of a combination regimen. 
Of the 16 first-line I.V. epoprostenol patients, 9 (56.3%) received one additional 
PAH-specific medication and 2 (12.5%) received two additional medications. Two 
patients (12.5%) switched to another PAH-specific therapy and 3 (18.8%) remained 
on epoprostenol monotherapy. Eight patients (50.0%) in the first-line epoprostenol 
group received sildenafil, 4 patients (25.0%) bosentan, and 1 patient (6.3%) 
sitaxentan as part of a combination regimen.
Kaplan-Meier estimates of the proportion of patients who had another PAH-specific 
medication initiated respectively, were 47%, 76%, and 84% at 12, 24 and 36 
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months in first-line bosentan patients and respectively 0%, 28%, and 50% in first-line 
I.V. epoprostenol. These data also reflect the differing availabilities of other PAH-specific 
medications between the first-line I.V. epoprostenol and first-line bosentan treatment eras.

Exercise capacity in WHO FC III patients
In patients with values at initiation of therapy and after 4 months, median (25th; 
75th percentiles) 6MWD at initiation of first-line therapy was 370 m (256; 447) in 
the bosentan group (n=24) and 365 m (265; 414) in the I.V. epoprostenol group 
(n=15). The respective median (95% CI) 6MWD improvement at 4 months was +40 
m (-5; 77) in the bosentan group and +96 m (68; 182) in the I.V. epoprostenol 
group. 
In patients with values at initiation of therapy and after 2 years, median (25th; 75th 
percentiles) 6MWD at initiation of first-line therapy was 397 m (264; 456) in 
the bosentan group (n=17) and 369 m (275; 414) in the I.V. epoprostenol group 

Table 1. Patient characteristics at first-line treatment initiation

Bosentan
All  

N=37

I.V epoprostenol 
All 

N=37

Bosentan
WHO III 

N=29

I.V. epoprostenol
WHO III

N=16
Gender, n (%): 
female : male  29 (78) : 8 (22) 28 (76) : 9 (24) 23 (79) : 6 (21) 13 (81) : 3 (19)

Race, n (%):
Caucasian 
Asian  
Other

33 (89) 
2 (5) 
2 (5)

35 (95) 
1 (3) 
1 (3)

27 (93) 
0  

2 (7)

16 (100) 
0 
0

Age, years: 
Mean ± SD 
Median (min, max)

48.0 ± 17.6 
44.6 (16.9, 81.8)

45.9 ± 12.4 
44.8 (26.4, 74.7)

49.6 ± 17.0  
52.3 (20.6, 75.4)

44.5 ± 8.8  
45.3 (30.3, 62.4)

Height, cm: 
Mean ± SD 
Median (min, max)

169 ± 7 
169 (154, 187)

167 ± 8 
167 (150, 183)

169 ± 7 
169 (154, 187)

166 ± 8
167 (150, 176)

Proportion of 
patients diagnosed 
<1998, n (%)

7 (19) 7 (19) 5 (17) 3 (19)

Time since 
diagnosis, 
(months): 
Mean ± SD  
Median (min; max)

33 ± 62 
3 (0, 290)

 17 ± 28 
5 (0, 111)

32 ± 66 
3 (0, 290)

23 ± 35 
8 (0, 111)

WHO FC, n (%): 
II : III : IV 5 (14) : 29 (78) : 3 (8) 0 (0) : 16 (43) : 21 (57) n.a. n.a.

6 MWD, (m):
n 
Mean ± SD 
Median (min, max)

35 
374 ± 142 

379 (9, 600) 

36 
213 ± 159 

238 (0, 498) 

27 
362 ± 133 

379 (9, 600) 

16 
332 ± 107 

347 (90, 498)
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Table 2. Hemodynamic characteristics at start of treatment

RHC CMR

Bosentan  
WHO III  

N=29

I.V. 
epoprostenol 

WHO III 
N=16

p-
value*

Bosentan  
WHO III  

N=29

I.V. 
epoprostenol 

WHO III 
N=16

p-
value*

Mixed venous O
2
  

saturation, %: 
n
Mean ± SD 
Median (min, 
max)

23 
63 ± 8 

64 (50, 78)

14 
57 ± 14  

60 (19, 76) 
0.34

RVEF, %:
n 
Mean±SD 
Median (min, 
max)

18 
30 ± 14 

27 (10, 64)

10 
24 ± 9 

23 (11, 41)

0.21

mPAP, mmHg: 
n
Mean ± SD 
Median (min, 
max)

28 
55 ± 14 

56 (32, 89) 

16
61 ± 10  

62 (47, 81) 

0.11
LVEF, %: 
n
Mean ± SD 
Median (min, 
max)

18 
61 ± 21 

57 (21, 100)

10 
55 ± 15 

59 (30, 73)

0.46

mRAP, mmHg: 
n
Mean ± SD 
Median (min, 
max)

28 
8 ± 4 

6 (2, 16)

16
12 ± 6 

11 (3, 23)

<0.01
RVEDV, mL: 
n
Mean ± SD 
Median (min, 
max)

19 
167 ± 45

168 (90, 261)

10 
165 ± 37 

166 (112, 215)

0.93

PVR, 
dyn*s*cm-5: 
n
Mean ± SD 
Median (min, 
max)

26 
1059 ± 452 
945 (266, 

2129) 

16
1345 ± 496 
1387 (602, 

2526) 

0.07
LVEDV, mL:
n
Mean ± SD 
Median (min, 
max)

19 
80 ± 23

80 (41, 138)

10 
65 ± 25

64 (21, 92)

0.20

Cardiac output, 
L/min: 
n
Mean±SD 
Median (min, 
max)

26 
4.3 ± 1.1 

4.3 (2.8, 7.3) 

15 
3.6 ± 1.0 

3.3 (1.9, 5.5)

0.07

Cardiac output, 
L/min:
n 
Mean ± SD 
Median (min, 
max)

19 
4.0 ± 1.8 

3.8 (1.3, 9.1)

10 
2.9 ± 1.0 

3.2 (1.5, 4.6)

0.07

SVI, mL/m2: 
n
Mean ± SD 
Median (min, 
max)

26 
30 ± 11 

28 (11, 62)

14 
24 ± 10 

23 (3, 39)

0.16
SVI, mLl/m2: 
n
Mean ± SD 
Median (min, 
max)

19 
26 ± 12  

23 (9, 55)

10 
19 ± 7 

19.3 (8, 29)

0.06

Right ventricular 
mass, g:
n 
Mean ± SD 
Median (min, 
max)

10 
100 ± 37 

93 (52, 182)

10 
103 ± 25 

106 (57, 142)

0.57

RHC = right heart catheterization; mPAP = mean pulmonary artery pressure; mRAP = mean right atrial pressure;   PVR = 
pulmonary vascular resistance; SVI = stroke volume index; CMR = cardiac magnetic resonance imaging; RVEF = right ventricular 
ejection fraction; LVEF = left ventricular ejection fraction, RVEDV=right ventricular end-diastolic volume, LVEDV=left 
ventricular end-diastolic volume, SVI = stroke volume index, *Mann-Whitney U test



38

Chapter 3

(n=13). The respective median (95% CI) 6MWD improvement at 2 years was +68 m 
(45; 79) in the bosentan group and +136 m (1; 215) in the I.V. epoprostenol group. 
Improvements in 6MWD after 1 and 3 years are depicted in Figure 2A and Figure 2B.

Time to disease progression and survival in WHO FC III
Kaplan-Meier estimates of the proportion of patients without disease progression 
in the bosentan group were 72% (95% CI: 48%; 97%) at 1 year, 57% (95% CI: 
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Figure 1. Number of WHO FC III idiopathic pulmonary arterial hypertension
patients (n=45) starting first-line epoprostenol or bosentan in the period 1998-2006.

Figure 2A. Box plots showing change in 6MWD: median (95% CI) 6MWD at baseline and after 1 year 
is depicted for WHO FC III idiopathic pulmonary arterial hypertension patients treated with first-line 
bosentan or first-line epoprostenol.
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31%; 82%) at 2 years and 45% (95% CI: 17%; 74%) at 3 years. In the epoprostenol 
group, these were 75% (95% CI: 42%; 100%), 50% (95% CI: 17%; 83%), and 44% 
(95% CI: 11%; 76%), respectively. There were no differences in time to disease 
progression between both groups (Figure 3). During follow-up disease progression 
occurred in 16 bosentan and 12 epoprostenol. Reasons for disease progression in 
the bosentan group were worsening WHO FC (n=3), death (n=1) and a decrease in 
6MWD distance of 10% or more since last assessment or 20% since baseline (n=13).  
Reasons for disease progression in epoprostenol were atrial septostomy (n=1), lung 
transplant listing (n=1), worsening WHO FC (n=3), death (n=1) and a decrease in 
6MWD of 10% or more since last assessment or 20% since baseline (n=8).  Multiple 
reasons for disease progression were possible. 
Kaplan-Meier estimates of survival in patients starting bosentan were 93% (95% CI: 
68%; 100%), 89% (95% CI: 64%; 100%), and 89% (95% CI: 64%; 100%) at 1, 2, 
and 3 years, respectively. In the epoprostenol group these were 94% (95% CI: 61%; 
100%), 88% (95% CI: 55%; 100%), and 75% (95% CI: 42%; 100%), respectively. 
Survival was also similar in both groups (Figure 4).

Matched patient analysis (entire population)
Matched pairs of patients were selected according to baseline cardiac output and 
exercise capacity in order to control for disease severity. The selected analysis set 
contained 2 cohorts of 16 patients (43 % of bosentan patients and 43% of epoprostenol 
patients). These cohorts were well matched for haemodynamic and exercise variables 
(Table 3 and Table 4).
Median (95% CI) 6MWD improvements were +64 m (27; 80), +66 m (-9; 109), 
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Figure 2B. Box plots showing change in 6MWD: median (95% CI) 6MWD at baseline and after 3 years 
is depicted for WHO FC III idiopathic pulmonary arterial hypertension patients treated with first-line 
bosentan or first-line epoprostenol.
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Table 3. Demographic data and baseline characteristics in matched cohort idiopathic PAH patients

Bosentan matched cohort
N=16 

Epoprostenol matched cohort
N=16 

Gender, n (%): female : 
male  14 (88) : 2 (13) 14 (88) : 2 (13)

Race, n (%):
Caucasian 
Asian  

15 (94) 
1 (6) 

16 (100) 
0 (0) 

Age, years: 
Mean ± SD 
Median (min, max)

45.4 ± 16.7 
46.7 (20.6, 75.2)

44.0 ± 8.6  
45.3 (29.8, 55.3)

Height, cm: 
Mean ± SD 
Median (min, max)

169 ± 7 
168 (159, 187)

164 ± 7 
165 (150, 176)

Proportion of patients 
diagnosed <1998, n (%) 3 (19) 3 (19)

Time since diagnosis, 
(months): 
Mean ± SD  
Median (min; max)

18.8 ± 34.6  
1.5 (0.7 ; 97.3)

 19.4 ± 30.3 
5.7 (0.6  ; 85.3)

6 MWD, (m):
n 
Mean ± SD

16 
334 ± 120

16 
326 ± 119

+78 m (-37; 161) and + 98 m (-123; 182) in first-line bosentan after respectively 
4 months, 1, 2 and 3 years. This compared to greater improvements of respectively 
+113 m (76; 193), +110 m (12; 265), +180 m (63; 327) and +142 (116; 242) in 
first-line epoprostenol.
Kaplan-Meier estimates of the proportion of patients without disease progression in 
the matched pairs analysis were similar for both treatment groups with respectively 
75%, 60% and 43% without disease progression after respectively 1, 2 and 3 years in 
the bosentan group and respectively 81%, 63% and 50% without disease progression 
in the epoprostenol group  (Figure 5).  Kaplan-Meier estimates of survival in the 
matched pairs analysis after 1,2 and 3 years respectively were 100%, 92% and 92% in 
the bosentan group and respectively 100%, 88% and 88% in the epoprostenol group 
(Figure 6).

Line infections and liver enzyme abnormalities (entire population)
Adverse events were reported in 8 out of 37 patients in the bosentan group (21.6 %) 
and in 17 out of 37 patients in the epoprostenol group (46.0 %). The most common 
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adverse event was catheter site infection in I.V. eproprostenol-treated patients. This 
event occurred in 17 patients (46.0 %) in the first-line epoprostenol group and in 
5 first-line bosentan (13.5 %). In first-line bosentan elevated serum ASAT (aspertate 
aminotransferase) levels >3-5 x upper limit of normal (ULN) occurred in 1 patient 
(2.7 %) during follow-up. Elevation >5-8 x ULN in 1 (2.7%) and >8 x ULN in 1 
(2.7%). Elevated serum ALAT (alanine aminotransferase) levels >3-5 x ULN occurred 
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Figure 3. Kaplan-Meier estimates showing time to disease progression in WHO FC III IPAH treated with 
first-line bosentan or first-line epoprostenol.

Figure 4. Kaplan-Meier estimates showing survival in WHO FC III IPAH treated with first-line bosentan or 
first-line epoprostenol.
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Table 4. RHC Hemodynamic baseline characteristics in matched cohorts idiopathic PAH starting first-line 
bosentan or epoprostenol.

Bosentan 
N=16  

I.V. epoprostenol
N=16

Mixed venous O
2
 saturation, %: 

n
Mean ± SD 

14 
60 ± 8 

14 
59 ± 9  

mPAP, mmHg: 
n
Mean ± SD 

16 
59 ± 11 

16
63 ± 11  

mRAP, mmHg: 
n
Mean ± SD 

16 
8 ± 4 

15
10 ± 4 

PVR, dyn*s*cm-5: 
n
Mean ± SD 

16 
1126 ± 428 

16
1201 ± 459 

Cardiac output, 
L/min: 
n
Mean±SD 

16 
4.1 ± 1.2 

16 
4.1 ± 1.2 

SVI, mL/m2: 
n
Mean ± SD 

16 
27 ± 9 

16 
26 ± 10 

RHC = right heart catheterization; mPAP = mean pulmonary artery pressure; mRAP = mean right atrial 
pressure;   PVR = pulmonary vascular resistance; SVI = stroke volume index
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Figure 5. Kaplan-Meier estimates of time to disease progression in the idiopathic PAH patients included in 
matched cohorts of first-line bosentan or first-line epoprostenol treatment.
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Figure 6. Kaplan-Meier estimates of survival in the idiopathic PAH patients included in matched cohorts of 
first-line bosentan or first-line epoprostenol treatment.

in 1 (2.7%) and >8 x ULN in 2 (5.41%). In first-line epoprostenol ASAT elevations 
>3-5 x ULN were reported in 1 (2.7%) and no ALAT elevations > 3 x ULN were 
reported.    

Discussion

These data show long-term treatment results in first-line epoprostenol and first-line 
bosentan treated idiopathic IPAH patients. For a prolonged period I.V. epoprostenol 
was the only available PAH-specific medication. However, since the dual endothelin 
receptor antagonist bosentan became commercially available in The Netherlands in 
2003 WHO FC III patients are started on oral bosentan therapy, and additional PAH 
specific therapies are added as needed. In this study, since the WHO FC III patients 
represent the largest group with similar disease severity for analysis, and because 
labelling and reimbursement access is similar for bosentan and I.V. epoprostenol in 
WHO FC III, focus is given to patients who were in WHO FC III at the start of treatment. 
In WHO FC III patients, exercise capacity improved at 1, 2 and 3 years in first-line 
bosentan and first-line I.V. epoprostenol patients. A greater improvement was observed 
in the I.V. epoprostenol patients at all time points. Time to disease progression and 
survival were similar in both treatment groups. In an independent analysis of our 
population, irrespective of WHO FC at baseline, and controlling for disease severity 
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by matched patient analysis according to CO and 6MWD at baseline, these findings 
were confirmed. In earlier studies of epoprostenol treatment in IPAH, improvements 
in exercise capacity correlated with increased stroke volume, cardiac output and 
pulmonary flow with the most significant effects occurring within the first 4 months.
(15-17) Sitbon found that  reaching a threshold 380 m 6MWD 3 months after starting 
PAH specific therapy, but not the magnitude of 6MWD improvement, is prognostic 
of survival.(18) This is in accordance with our study findings showing no survival 
differences despite greater exercise improvements in first-line epoprostenol.
Only one earlier study by Sitbon et al. compared first-line epoprostenol with first-line 
bosentan therapy and additional medication as needed.(9) The epoprostenol group in 
this study was a WHO FC III retrospective clinical needs-based treatment cohort and 
was compared with the long-term treatment results of WHO FC III patients treated 
with first-line bosentan as part of randomized clinical trials. In this study 75% of 
patients remained on bosentan monotherapy after 2 years; in our patient group this 
was 17% after a median 25 months in a setting where stringent criteria for adding 
therapy are upheld. Compared with our patients, survival in the Sitbon study was 
very similar with Kaplan-Meier estimates of 97%, 91% and 87% at 1, 2 and 3 years, 
respectively in bosentan first-line patients, and 91%, 84% and 75% in epoprostenol 
first-line patients.
There are several limitations to our study. The retrospective nature and reliance on 
the medical chart introduces the possibility of misclassification bias. Furthermore, 
measurements of exercise capacity and disease progression may not necessarily occur 
on a regular and consistent basis. The relationship between first-line therapy and 
additional therapies is confounded, as the choice of other PAH-specific therapies was 
greater post-commercial availability of bosentan relative to the I.V. epoprostenol era 
pre-February 2003. The small sample size limits our ability to detect differences in 
outcomes such as disease progression or survival. (9)
Our study does provide important real-life data on different treatment strategies 
in a rare disease setting. Diagnostic strategy, treatment and follow-up of IPAH at 
our hospital is standardized to a great extent and follow-up is at regular intervals. 
The alteration of treatment protocol after the introduction of bosentan permits a 
description of consecutive treatment strategies in different time periods. 
To conclude, first-line epoprostenol-treated patients experienced great improvements 
in 6MWD whilst first-line bosentan-treated patients demonstrated less substantial 
improvements. Survival and time to disease progression is similar in both first-line 
treatment groups.
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