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Background: Pulmonary hypertension is a progressive
and often fatal complication of the scleroderma spectrum
of disease for which no treatment has been proven effec-
tive in a randomized trial.

Objective: To determine the effect of epoprostenol on
pulmonary hypertension secondary to the scleroderma
spectrum of disease.

Design: Randomized, open-label, controlled trial.

Setting: 17 pulmonary hypertension referral centers.

Patients: 111 patients with moderate to severe pulmo-
nary hypertension.

Intervention: Epoprostenol plus conventional therapy
or conventional therapy alone.

Measurements: The primary outcome measure was ex-
ercise capacity. Other measures were cardiopulmonary
hemodynamics, signs and symptoms of pulmonary hyper-
tension and scleroderma, and survival.

Results: Exercise capacity improved with epoprostenol
(median distance walked in 6 minutes, 316 m at 12 weeks
compared with 270 m at baseline) but decreased with
conventional therapy (192 m at 12 weeks compared with
240 m at baseline). The difference between treatment
groups in the median distance walked at week 12 was
108 m (95% CI, 55.2 m to 180.0 m) (P , 0.001). Hemody-
namics improved at 12 weeks with epoprostenol. The
changes in mean pulmonary artery pressure for the
epoprostenol and conventional therapy groups
were25.0 and 0.9 mm Hg, respectively (difference, 26.0
mm Hg [CI, 29.0 to 23.0 mm Hg), and the mean changes in
pulmonary vascular resistance were 24.6 and 0.9 mm Hg/L
per minute, respectively (difference, 25.5 mm Hg/L per
minute [CI, 27.3 to 23.7 mm Hg/L per minute). Twenty-
one patients treated with epoprostenol and no patients

receiving conventional therapy showed improved New
York Heart Association functional class. Borg Dyspnea
Scores and Dyspnea-Fatigue Ratings improved in the
epoprostenol group. Trends toward greater improvement
in severity of the Raynaud phenomenon and fewer new
digital ulcers were seen in the epoprostenol group. Four
patients in the epoprostenol group and five in the conven-
tional therapy group died (P value not significant). Side
effects of epoprostenol therapy included jaw pain, nausea,
and anorexia. Adverse events related to the epoprostenol
delivery system included sepsis, cellulitis, hemorrhage, and
pneumothorax (4% incidence for each condition).

Conclusions: Continuous epoprostenol therapy im-
proves exercise capacity and cardiopulmonary hemody-
namics in patients with pulmonary hypertension due to
the scleroderma spectrum of disease.
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Pulmonary hypertension is characterized by pro-
gressive elevation of pulmonary artery pressure

and vascular resistance, often leading to right ven-
tricular failure and death (1–3). Continuous intra-
venous infusion of epoprostenol improves prognosis
and symptoms in patients with primary (idiopathic)
pulmonary hypertension (4–8). Randomized, con-
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trolled clinical trials of epoprostenol for secondary
pulmonary hypertension have not been conducted.

Pulmonary hypertension frequently complicates
the scleroderma spectrum of disease, which includes
diffuse scleroderma, limited scleroderma (the CREST
syndrome [calcinosis cutis, the Raynaud phenome-
non, esophageal dysfunction, sclerodactyly, and tel-
angectasia]), and the overlap syndrome. These multi-
system diseases are characterized by connective
tissue and vascular abnormalities; vascular lesions
are prominent in all affected tissues (9). Pulmonary
hypertension occurs in up to 33% of patients with
diffuse scleroderma and 10% to 50% of those with
the CREST syndrome (10, 11), in which it is one of
the leading causes of death (12, 13). Pulmonary
hypertension in the scleroderma spectrum of disease
may be associated with interstitial pulmonary fibro-
sis or may consist of a direct involvement of small
and medium-sized pulmonary arteries and arterioles
with smooth-muscle hyperplasia, medial hypertro-
phy, and intimal proliferation (10, 13, 14). Principal
involvement of the pulmonary vasculature is more
common in the CREST syndrome, whereas patients
with pulmonary hypertension and diffuse sclero-
derma more often have interstitial lung disease (13).

No therapies have been proven effective for pul-
monary hypertension secondary to the scleroderma
spectrum of disease. Small numbers of patients have
responded to captopril (15), nifedipine (16–20), and
prazosin. In a short-term study of intravenous
epoprostenol in seven patients with scleroderma
(two with diffuse scleroderma and five with limited
scleroderma), six had a decrease in mean pulmo-
nary artery pressure and pulmonary vascular resis-
tance (21). In a small study of pulmonary hyperten-

sion secondary to connective tissue disease, long-
term infusion therapy with a prostacyclin analogue,
iloprost, resulted in improvement in New York
Heart Association (NYHA) functional class and
quality of life but a variable hemodynamic response
(22). Results from a single-center, uncontrolled
study suggest that long-term, continuously infused
epoprostenol therapy can produce hemodynamic
and symptomatic responses in patients with connec-
tive tissue disease who have severe pulmonary hyper-
tension that is refractory to conventional medical
therapy (23).

The rationale for using continuous epoprostenol
infusion to treat pulmonary hypertension secondary
to the scleroderma spectrum of disease was based
on the efficacy of this therapy for primary pulmo-
nary hypertension (4 – 8) and recognition that
scleroderma is a disease characterized by vasospasm
and structural changes in the walls of blood vessels.
Prostacyclin is a naturally occurring substance pro-
duced by vascular endothelium that has vasodilating,
antiplatelet aggregation, and cytoprotective effects
(24–33). Endogenous production of prostacyclin is
decreased in an animal model of neonatal pulmo-
nary hypertension (34) and in adult humans with
pulmonary hypertension (35). Continuous infusion
of prostacyclin normalizes plasma markers of endo-
thelial cell injury and platelet aggregation in pa-
tients with primary pulmonary hypertension (36).
Endothelial dysfunction also plays an important role
in the vascular manifestations of the scleroderma
spectrum of disease (37, 38), including the Raynaud
phenomenon and digital ischemia, which cause con-
siderable morbidity. Calcium-channel blockers (39–
45), enalapril (46), and intermittent intravenous in-
fusions of prostacyclin (47–49) and iloprost (50–54)
improve the Raynaud phenomenon in some pa-
tients. Mixed results have been obtained with oral
prostacyclin analogues (55, 56), and a recent multi-
center trial of oral iloprost showed no benefit (57).
The effect of long-term, continuously infused
epoprostenol on the severity of the Raynaud phe-
nomenon and on digital ulcer counts has not been
previously evaluated.

Our 12-week multicenter, open-label, randomized
study was designed to determine whether the ben-
eficial effect of epoprostenol seen in patients with
primary pulmonary hypertension could be extended
to patients with pulmonary hypertension secondary
to the scleroderma spectrum of disease. Our objec-
tive was to evaluate the effects of continuous infu-
sion of epoprostenol on exercise capacity in patients
with pulmonary hypertension secondary to the
scleroderma spectrum of disease. A secondary ob-
jective was assessment of the effects of long-term
continuous epoprostenol infusion on cardiopulmo-
nary hemodynamics, Borg Dyspnea Score, Dyspnea-

Table 1. Key Inclusion and Exclusion Criteria

Inclusion criteria
Diagnosis of the scleroderma spectrum of disease
Age $16 y
Able to walk at least 50 m in 6 minutes at baseline
Moderate to severe pulmonary hypertension with the following

conditions:
Mean pulmonary arterial pressure $ 35 mm Hg
Pulmonary vascular resistance $ 3 mm Hg/L per minute
Right atrial pressure # 20 mm Hg
Absence of congenital heart disease
Pulmonary capillary wedge pressure or left ventricular end-diastolic

pressure # 15 mm Hg. If it was not possible to measure the
pulmonary capillary wedge pressure or left ventricular end-diastolic
pressure, echocardiographic criteria to exclude left heart disease
were applied.

Ventilation–perfusion lung scan or pulmonary angiography not indicative
of thromboembolic disease

Pulmonary function tests or high-resolution computed tomography
scanning showing no more than mild interstitial lung disease

Exclusion criteria
Any new long-term therapy for pulmonary hypertension or the

scleroderma spectrum of disease added within the past month
Any medication used to treat pulmonary hypertension or the scleroderma

spectrum of disease discontinued within the last week, except
anticoagulant agents

Any type of current prostaglandin therapy
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Fatigue Rating, NYHA functional class, survival,
and safety. Vasospastic manifestations, such as the
Raynaud phenomenon and digital ulcerations, were
also followed.

Methods

Patient Selection

Eligible patients had pulmonary hypertension
secondary to the scleroderma spectrum of disease in
accordance with the inclusion and exclusion criteria
summarized in Table 1. For the purposes of this
study, the scleroderma spectrum of disease was de-
fined as systemic sclerosis with diffuse or limited
scleroderma (58); systemic sclerosis that overlapped
with another connective tissue disease; or the pres-
ence of definite features of systemic sclerosis, in-
cluding the Raynaud phenomenon and positive test
result for antinuclear antibody, plus positive test
results for anticentromere antibody, anti–Scl 70 an-
tibody, or nailfold capillary abnormalities. Systemic
sclerosis with limited cutaneous involvement (the
CREST syndrome) was defined as the presence of
any three of the following conditions: subcutaneous
calcinosis, the Raynaud phenomenon, esophageal
dysfunction (defined clinically), sclerodactyly, or te-
langectasia. Patients with interstitial lung disease of
a more than mild degree were not included in the
study because such patients were thought to be less
likely to show benefit.

On the basis of a previous 12-week study of the
effects of epoprostenol infusion in patients with se-
vere primary pulmonary hypertension (6) and using
the 6-minute walk test as the primary outcome mea-
sure, we calculated that 50 patients per treatment
group would provide 80% power to detect a differ-
ence of 50 meters in the average change from base-
line, at an a level of 0.05 (two-tailed t-test).

Randomization and Treatment

The protocol was approved by the institutional
review boards of the 17 participating centers. After
giving informed consent, 111 eligible patients were
randomly assigned (1:1) to receive continuous epo-
prostenol infusion (Flolan, Glaxo Wellcome, Inc.,
Research Triangle Park, North Carolina) plus con-
ventional therapy or to receive conventional therapy
alone. Investigators contacted a central randomiza-
tion center to obtain treatment assignment, which
was based on a stratified randomized block design.
Assignments were stratified on the basis of vasodi-
lator use at baseline (yes or no) and exercise capac-
ity at baseline (50 to ,200 m or $200 m) and were
randomized within blocks. Fifty-six patients were
assigned to receive epoprostenol plus conventional
therapy, and 55 patients were assigned to receive

conventional therapy alone. Investigators were not
blinded to treatment group assignment; however,
independent blinded observers assessed the primary
efficacy measure, exercise capacity. Patients taking
calcium-channel blockers at study entry continued
to take them during the study period. Adjustments
in concomitant medications were allowed during the
study on the basis of clinical judgment. Patients in
both groups were to receive oral anticoagulants dur-
ing the study; 94 of the 111 enrolled patients took
warfarin.

Venous access for epoprostenol infusion (in the
epoprostenol group only) was obtained by insertion
of a permanent indwelling central venous catheter.
Epoprostenol was infused continuously by a porta-
ble infusion pump (CADD-1 Model 5100 HF, SIMS
Deltec, St. Paul, Minnesota). Patients were in-
structed in sterile technique, catheter care, and drug
preparation and administration. Epoprostenol ther-
apy was initiated at a low dose (usually #2 ng/kg of
body weight per minute). During the 12-week study,
doses were adjusted on the basis of signs or symp-
toms consistent with persistent pulmonary hyperten-
sion in the absence of intolerable adverse effects
(Figure 1).

Outcome Measures

The primary measure of efficacy was exercise ca-
pacity, as defined by the distance a patient could
walk in 6 minutes. Trained observers at each site
who were not otherwise involved in patient care
administered the 6-minute walk test. All patients
wore an ambulatory infusion pump and a hospital
gown over their clothes to mask the presence or
absence of a long-term indwelling catheter, thereby
blinding testers to the patients’ treatment groups.
Each patient performed one practice walk test. A
standardized, unencouraged 6-minute walk test was
performed as described elsewhere (59) at baseline
and at 1, 6, and 12 weeks. The 6-minute walk test

Figure 1. Epoprostenol dosing. Numbers at the tops of the bars rep-
resent exact mean rates.
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has been shown to provide meaningful outcome
data in assessing potential therapy for patients with
pulmonary hypertension (6).

Secondary measures of efficacy were cardiopul-
monary hemodynamics measured by performing
right-heart catheterization using standard tech-
niques at baseline and week 12; the Borg Dyspnea
Score (60), obtained immediately after completion
of the 6-minute walk test at baseline and 1, 6, and
12 weeks (6, 59); the Dyspnea-Fatigue Rating, ob-
tained before the 6-minute walk test at baseline and
weeks 1, 6, and 12 (61); NYHA functional class
(62), measured at baseline and weeks 1, 6, and 12;
digital ulcer counts, done at baseline and weeks 6
and 12; and the severity of the Raynaud phenome-
non, assessed weekly. For determination of the
Raynaud phenomenon severity score, patients were
asked to score the severity of their Raynaud disease,
taking into account the number of attacks per day,
the duration of attacks, symptoms (such as numb-
ness, burning, pain, and tingling), hand disability
caused by the attack (but not by pain, ulcers, arthri-
tis, or scleroderma skin), and influence of cold and
stress exposure on daily activity and sense of well-
being. Patients were asked to circle the number
from 1 (no problems) to 10 (severe problems) that
best described the severity of their Raynaud phe-
nomenon over the past week. Only new digital ul-
cers were counted. Survival was also determined.

Safety was assessed by comparison of adverse
experiences in the two treatment groups and by
laboratory assessments (including hemoglobin level;
platelet count; leukocyte count; serum creatinine
concentration; and levels of blood urea nitrogen,
alkaline phosphatase, and alanine aminotransferase)
at baseline and week 12. An independent Data
Safety and Monitoring Board reviewed safety data
(including adverse effects and fatal events) after 15,
35, and 70 patients had completed the study.

Statistical Analysis

Categorical data are presented as frequencies
and percentages by treatment group. Continuous
data are presented as the mean 6 SE or the me-
dian. Six-minute walk data were analyzed in two
intention-to-treat analyses: a nonparametric analysis
of covariance (63), which was the primary analysis,
and a parametric analysis of variance. In the non-
parametric analysis of covariance, patients who had
died or were unable to walk because of illness were
assigned a value of 0 meters. An ordinary least-
squares regression of the ranks of the distance
walked at baseline compared with week 12 was per-
formed, adjusting for baseline walk category (,200
m or $200 m) and vasodilator use (yes or no). The
resulting residuals from the regression were ana-
lyzed by using the Cochran–Mantel–Haenszel test
statistic, controlling for baseline walk category and
vasodilator use. The parametric analysis of variance
evaluated the change from baseline to week 12 in
the distance walked. Patients at week 12 who had
died or were too ill to walk had their last observa-
tions carried forward and used as their value at
week 12.

Hemodynamic variables were analyzed by calcu-
lating the change from baseline to week 12 for each
patient. The difference in mean change between
treatment groups was calculated, and a 95% para-
metric CI was derived by using a Student t-distribu-
tion. The Dyspnea-Fatigue Rating and the Borg
Dyspnea Score were analyzed by calculating the
change from baseline to week 12 for each patient.
The difference in median change (Hodges–Lehmann
estimate) between treatment groups was calculated
and a two-sided 95% CI was derived by using a
nonparametric Wilcoxon rank-sum statistic (64).
New York Heart Association functional class was
analyzed by categorizing a shift from baseline to
week 12 (for example, class IV at baseline to class
II at week 12).

The Raynaud phenomenon was analyzed by first
ranking the severity scores across all patients with-
out regard to treatment at each time point. Each
patient’s average rank across time points was then
calculated. The average ranks were compared by
using a Cochran–Mantel–Haenszel test statistic. This
method was an area under the curve analysis on a
rank scale. Only patients who had at least one at-
tack of Raynaud disease during the study were in-
cluded. Patients who did not have an attack during
a specific time period were assigned a value of 0.
Digital ulcers were summarized by the number of
patients with one or more new ulcers over the 12-
week period and by the total number of new ulcers
over the 12-week period.

Survival analyses were based on the Kaplan–

Figure 2. Median change from baseline in results of the 6-minute
walk test at weeks 1, 6, and 12. Nonparametric analysis of covariance
with adjustment for 6-minute walk values and use of vasodilators at baseline
showed that the median distance walked in 6 minutes increased in patients
who received epoprostenol (striped bars) compared with patients who re-
ceived conventional therapy (white bars) at weeks 6 (P 5 0.003) and 12
(P , 0.001).
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Meier method (65) and were performed both with
patient data censored at time of withdrawal (death
or discontinuation) and with the same data not cen-
sored. The log-rank test was used to assess treat-
ment differences.

Role of the Funding Source

The funding source for the study, Glaxo Well-
come, Inc., assisted in the collection, gathering, and
analysis of data and was aware of the decision to
submit the paper for publication.

Results

Comparability of Study Groups at Baseline

Baseline demographic and hemodynamic charac-
teristics of the two groups are shown in Table 2.
The groups did not differ significantly in severity of
pulmonary hypertension, duration of illness, or
NYHA functional class. Six patients (11%) in the
conventional therapy group and 8 (14%) in the
epoprostenol group had been previously exposed to
anorectic agents. Sixteen patients (29%) in the con-
ventional therapy group and 10 (18%) in the
epoprostenol group were taking prednisone at base-
line. In the epoprostenol group, there was a non-
significant trend toward a greater median distance
walked at baseline, as well as a trend toward a
higher mean pulmonary vascular resistance at base-
line.

Exercise Capacity

The distance walked in 6 minutes improved at
week 12 in the epoprostenol group from a median
of 270 m to 316 m and decreased in the conven-
tional therapy group from a median of 240 m to
192 m. The difference in median distance walked
(epoprostenol group minus conventional therapy
group) at week 12 was 108 m (95% CI, 55.2 m to
180.0 m, Hodges–Lehmann estimate of the median
difference) (P , 0.001, nonparametric analysis of
covariance). Furthermore, the median change in
distance walked by the two groups consistently di-
verged over time during the study (Figure 2). These
differences, as analyzed by using parametric meth-
ods, were similar (P , 0.001).

Cardiopulmonary Hemodynamics

The changes in hemodynamic measures from
baseline to week 12 are shown in Table 3. The
epoprostenol-treated patients had significant im-
provement in mean pulmonary artery pressure, pul-
monary vascular resistance, right atrial pressure,
cardiac index, and mixed venous oxygen saturation,

Table 2. Demographic and Hemodynamic Characteristics
at Baseline*

Characteristic Epoprostenol
Group

Conventional
Therapy Group

Age, y 53.0 6 13.1 57.3 6 10.3
Sex, n (%)

Male 5 (9) 10 (18)
Female 51 (91) 45 (82)

NYHA functional class, n (%)
II 1 (2) 4 (7)
III 42 (75) 45 (82)
IV 13 (23) 6 (11)

Time since pulmonary hypertension
diagnosis, mo 14.5 6 17.9 15.2 6 20.1

Classification of scleroderma spectrum of
disease, n (%)

Diffuse scleroderma 7 (13) 7 (13)
Limited scleroderma 38 (68) 39 (71)
Overlap syndrome 8 (14) 6 (11)
Features of scleroderma 3 (5) 3 (5)

Time since diagnosis of scleroderma
spectrum of disease, mo 85.9 6 93.0 94.8 6 102.8

Oral vasodilator therapy, n (%) 38 (68) 38 (69)
Current use of anorexigens, n (%) 0 (0) 0 (0)
Past exposure to anorexigens, n (%) 8 (14) 6 (11)
Mean pulmonary arterial pressure, mm Hg 50.9 6 10.6 49.1 6 10.2
Mean right atrial pressure, mm Hg 13.1 6 5.0 11.1 6 5.5
Mean systemic arterial pressure, mm Hg 92.8 6 12.4 89.1 6 10.8
Cardiac index, L/min per m2 1.9 6 0.6 2.2 6 0.7
Heart rate, beats/min 83.7 6 10.9 84.5 6 13.5
Systemic arterial oxygen saturation, % 92.7 6 6.8 92.5 6 6.6
Mixed venous oxygen saturation, % 57.4 6 10.8 58.8 6 9.9
Pulmonary vascular resistance, mm Hg/L

per minute 14.2 6 7.1 11.2 6 5.3
Median distance walked in 6 minutes, m 271.5 240.0

* Values with a plus/minus symbol are the mean 6 SD. NYHA 5 New York Heart Asso-
ciation.

Table 3. Changes from Baseline in Cardiopulmonary Hemodynamic Measurements

Variable Change from Baseline* Difference between Groups
(95% CI)†

Epoprostenol Group Conventional Therapy Group

Pulmonary artery pressure, mm Hg 25.03 6 1.09 0.94 6 1.10 25.97 (28.98 to 22.96)
Pulmonary vascular resistance, mm Hg/L per minute 24.58 6 0.76 0.92 6 0.56 25.50 (27.33 to 23.67)
Right atrial pressure, mm Hg 21.26 6 0.82 1.20 6 0.69 22.46 (24.54 to 20.39)
Cardiac index, L/min per m2 0.50 6 0.08 20.10 6 0.08 0.60 (0.39 to 0.81)
Systemic arterial oxygen saturation, % 20.33 6 1.09 20.31 6 0.61 20.02 (22.45 to 2.42)
Mixed venous oxygen saturation, % 3.55 6 1.42 21.07 6 1.24 4.62 (0.94 to 8.30)
Systemic arterial pressure, mm Hg 28.26 6 1.69 20.63 6 1.52 27.63 (212.07 to 23.20)
Heart rate, beats/min 3.74 6 1.47 20.90 6 1.93 4.64 (20.06 to 9.33)

* Data are expressed as the mean 6 SE.
† A confidence interval that does not contain 0 implies statistical significance.
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whereas these variables generally worsened in pa-
tients receiving conventional therapy. Systemic arte-
rial pressure decreased in epoprostenol-treated pa-
tients.

Signs and Symptoms

At the end of 12 weeks, 21 patients (38%)
treated with epoprostenol and no patients receiving
conventional therapy showed improved NYHA
functional class. Borg Dyspnea Scores and Dyspnea-
Fatigue Ratings improved in the epoprostenol group
and worsened in the control group (Figure 3).

A trend toward greater improvement in the
Raynaud phenomenon severity score (a negative
change) was seen in the epoprostenol group (mean
change [6SE] from baseline at week 12, 1.69 6 0.42
compared with 20.50 6 0.54 in the conventional
therapy group). When area under the curve analysis
was done for severity of the Raynaud phenomenon

over time based on a rank scale, values obtained
were 43.1 6 2.9 for the epoprostenol group and
52.3 6 3.2 for the conventional therapy group
(P 5 0.038). Over the course of the study, a similar
number of patients in each group had at least one
new digital ulcer or ischemic demarcation event (10
of 52 patients [19%] in the epoprostenol group and
11 of 52 patients [20%] in the conventional therapy
group). A total of 36 new digital ulcers occurred in
the epoprostenol group and 72 occurred in the con-
ventional therapy group.

Safety and Survival

During the 12-week study period, 5 patients in
the conventional therapy group and 4 in the
epoprostenol group died (P value not significant).
Causes of death in the conventional therapy group
were respiratory failure (2 patients), progressive
right-heart failure (1 patient), acute pulmonary
edema (1 patient), and arrhythmia (1 patient).
Causes of death in the epoprostenol group were
progressive right-heart failure (1 patient), myocar-
dial infarction (1 patient), septic shock (1 patient),
and sudden death (1 patient). Patients who died
tended to have a longer median duration of the
scleroderma spectrum of disease than survivors in
both the epoprostenol (90 and 60 months) and con-
ventional therapy (168 and 40 months) groups. In
contrast, patients who died and those who survived
had the same duration of pulmonary hypertension
(7 and 8 months.).

Selected adverse events attributed to the under-
lying disease, epoprostenol, or the drug delivery sys-
tem are shown in Table 4. Disease-related or car-
diovascular events, including syncope and pallor,
occurred less commonly in patients receiving

Figure 3. Median changes from baseline in Borg Dyspnea Score (left) and Dyspnea-Fatigue Rating (right) for the conventional therapy group
(white bars) and the epoprostenol group (striped bars). A negative change from baseline (to a lower score) reflects an improvement in symptoms. Borg
Dyspnea Scores improved (decreased) in the epoprostenol group and worsened (increased) in the conventional therapy group over 12 weeks. The Hodges–
Lehmann estimate for the true treatment effect of epoprostenol compared with conventional therapy, based on the difference in change from baseline in the
median Borg Dyspnea Score, was 1.0 (95% CI, 0.5 to 2.0) at week 1, 1.5 (CI, 1.0 to 2.5) at week 6, and 2.5 (CI, 1.5 to 3.5) at week 12. Dyspnea-Fatigue
Ratings improved (increased) in the epoprostenol group and worsened (decreased) in the conventional therapy group over 12 weeks. The Hodges–Lehmann
estimate for the true treatment effect of epoprostenol compared with conventional therapy, based on the difference in change from baseline in the median
Dyspnea-Fatigue Rating, was 0.0 (CI, 21.0 to 0.0) at week 1, 22.0 (CI, 22.0 to 21.0) at week 6, and 22.0 (CI, 23.0 to 22.0) at week 12. Confidence
intervals that do not contain 0 indicate statistical significance.

Table 4. Incidence of Selected Adverse Events

Adverse Event Epoprostenol
Group

Conventional
Therapy Group

n (%)

Disease-related
Syncope 4 (7) 11 (20)
Pallor 18 (32) 29 (53)
Ascites 13 (23) 18 (33)

Epoprostenol-related
Anorexia 37 (66) 26 (47)
Nausea 23 (41) 9 (16)
Diarrhea 28 (50) 3 (5)
Jaw pain 42 (75) 0 (0)
Depression 7 (13) 2 (4)

Drug delivery system–related
Sepsis 2 (4) –
Cellulitis 2 (4) –
Hemorrhage 2 (4) –
Pneumothorax 2 (4) –
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epoprostenol. Although events involving the diges-
tive system were common in both treatment groups,
anorexia, nausea, and diarrhea were more common
in epoprostenol-treated patients. Jaw pain occurred
commonly in the epoprostenol group. The drug de-
livery system, including the central venous catheter
and the infusion pump, was associated with eight
catheter-related adverse events, including sepsis,
cellulitis, hemorrhage, and pneumothorax (Table 4).
No clinically significant changes in hematologic or
biochemical variables were seen.

Discussion

Pulmonary hypertension in patients with the
scleroderma spectrum of disease is associated with a
poor prognosis, and no therapy has been proven
effective. Moreover, many patients with scleroderma
are not candidates for lung transplantation because
of the systemic nature of the disease. We docu-
mented improvement in exercise capacity, cardio-
pulmonary hemodynamics, and indices of dyspnea
in patients with pulmonary hypertension secondary
to the scleroderma spectrum of disease who re-
ceived epoprostenol plus conventional therapy
rather than conventional therapy alone. As ex-
pected, exercise capacity and hemodynamic function
tended to deteriorate or remained unchanged with
conventional therapy. Trends toward greater im-
provement in the severity of the Raynaud phenom-
enon and fewer new digital ulcers were observed in
the epoprostenol group.

Continuous infusion of epoprostenol is associated
with dose-related side effects, including jaw pain,
headache, nausea, anorexia, and diarrhea, and with
complications related to the drug delivery system,
such as cellulitis, sepsis, hemorrhage, and pneumo-
thorax (6). Patients can tolerate many of the side
effects well, and intolerable side effects often re-
spond to a slight reduction in dose. Serious or life-
threatening drug-related complications are rare. Pa-
tients with suspected pulmonary veno-occlusive
disease should be approached cautiously because
epoprostenol may precipitate acute and potentially
fatal pulmonary edema (4, 66).

Our study differs from a previous study of con-
tinuously infused epoprostenol in patients with pri-
mary pulmonary hypertension (6) in several ways. In
our study, the severity of pulmonary hypertension at
baseline was defined hemodynamically as opposed
to by NYHA class. In contrast to the previous study
(6), our patients did not undergo hemodynamically
monitored short-term dose-ranging of epoprostenol,
nor were they required to have had unsuccessful
previous conventional vasodilator therapy. Hemody-
namically monitored short-term dose ranging was
performed in the previous study because approxi-

mately 25% of patients with primary pulmonary hy-
pertension will respond to an acute vasodilator chal-
lenge, and these patients may be treated effectively
with conventional vasodilators (67–74). Further-
more, short-term dose-ranging of epoprostenol with
hemodynamic monitoring is not required for the
safe institution of long-term epoprostenol therapy.
Despite these differences in patient population and
study design, the physiologic results of our study
were similar to those of the previous study (6). In
both studies, exercise capacity, cardiopulmonary he-
modynamics, and NYHA functional class significantly
improved with epoprostenol therapy.

Unlike the earlier study of epoprostenol in pri-
mary pulmonary hypertension (6), we did not find a
survival benefit. In designing our study, a power
analysis indicated that enrollment of least 235 pa-
tients would be needed to give an 80% likelihood of
detecting a survival benefit. A study of such size was
not feasible. Additional possible reasons for the lack
of a survival difference between treatment groups in
the current study include the greater complexity of
illness and multiorgan involvement in scleroderma
and perhaps differences in the structural component
of pulmonary vascular involvement (75–77). The
finding that a greater duration of scleroderma was
associated with poorer survival in both the epopro-
stenol and control groups supports the former pos-
sibility.

As in the earlier study of continuous intravenous
epoprostenol therapy in primary pulmonary hyper-
tension (6), a limitation of our study was that it was
not a double-blind, placebo-controlled trial. Because
of the known incidence of sepsis caused by indwell-
ing central venous catheters (6, 78, 79), a placebo-
controlled study was considered unethical. Further-
more, unique and predictable symptoms known to
occur during long-term epoprostenol treatment
(such as flushing, jaw pain, and diarrhea) prevented
blinding of physicians and patients. Another limita-
tion of our study is the lack of formal quality-of-life
instruments and cost data, although the assessment
of exercise capacity, Borg Dyspnea Score, Dyspnea-
Fatigue Rating, NYHA functional class, and indices
of the severity of the Raynaud phenomenon pro-
vides some information on quality of life.

We conclude that continuous intravenous infu-
sion of epoprostenol plus conventional therapy in
patients with pulmonary hypertension secondary to
the scleroderma spectrum of disease improved exer-
cise capacity, cardiopulmonary hemodynamics, NYHA
functional class, and indices of dyspnea compared
with conventional therapy alone. This is the first
randomized trial of therapy for secondary pulmo-
nary hypertension. Although the results of this study
apply specifically to pulmonary hypertension in the
scleroderma spectrum of disease, the potential ther-
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apeutic implications for a broader group of patients
warrant further consideration.

Appendix

Members of the Data Safety Monitoring Board
Walker A. Long, MD (Chair) and Larry Churchill,

PhD, University of North Carolina, Chapel Hill, North
Carolina; David L. DeMets, PhD, University of Wiscon-
sin, Madison, Wisconsin; Alfred P. Fishman, MD, Uni-
versity of Pennsylvania, Philadelphia, Pennsylvania; and
Richard M. Silver, MD, Medical University of South
Carolina, Charleston, South Carolina.

Additional Members of the Pulmonary
Hypertension in Scleroderma Spectrum of Disease
Study Group

University of Colorado, Denver, Colorado: Kristinne
Wynne, RN.

Duke University, Durham, North Carolina: Abigail S.
Krichman, RRT.

Mayo Clinic, Rochester, Minnesota: Cathy J. Severson,
RN, and Kristi H. Monahan, RN.

University of California, Los Angeles, Los Angeles,
California: Joy Beckmann, RN; Gail Purentes, RN; and
Linda Magre, RN.

University of Maryland, Baltimore, Maryland: Jean-
nine Cook-Yarworth, RN, and Traci Houston-Harris, RN.

Rush-Presbyterian-St. Luke’s Medical Center, Chicago,
Illinois: Diane Genthner, RN; Maureen Panella, RN; and
Dina Hess, RN.

Columbia-Presbyterian-St. Medical Center, New York,
New York: Cathy Droogan, RN.

Vanderbilt University, Nashville, Tennessee: Terry
Casey-Cato, RN.

University of Pittsburgh, Pittsburgh, Pennsylvania:
Tammy R. Tokarczyk, RN, BSN; Marsha L. MacIntyre,
RN; Mary K. Trost, CRNP; Carol A. Blair, RN; and Amy
D. Palmer, MA.

Baylor College of Medicine, Houston, Texas: Helena
Purl, RN.

Wayne State University, Detroit, Michigan: Zora Injic,
RN, MSN.

University of Alabama, Birmingham, Alabama: Patti
Smith, RN; Melanie Smith, RN; and Amy Trimble, RN.

University of Washington, Seattle, Washington: Mar-
tha Tyler, RN, MN, RRT.

LDS Hospital, Salt Lake City, Utah: Natalie Kitter-
man, RN, and Sandra Yeats, RN.

Brown University, Providence, Rhode Island: Jeanne
Houtchens, RN.

McGill University, Montreal, Quebec, Canada: Eileen
Shalit, RN.

Cleveland Clinic, Cleveland, Ohio: L. Kathleen Hague,
BSN, RN.

Glaxo Wellcome, Inc., Research Triangle Park, North
Carolina: Nina L. Church, MS; B. Joyce Baird, RN, MS;
Alice E. Lail, BS; Kenneth L. Rupright, RPh; Anne M.
Taylor, BS; and Evelyn Y. Whalen, RN.

From University of Colorado, Denver, Colorado; Duke Univer-
sity, Durham, North Carolina; Mayo Clinic, Rochester, Minne-
sota; University of California, Los Angeles, Los Angeles, Cali-
fornia; University of Maryland and Johns Hopkins University,
Baltimore, Maryland; Rush-Presbyterian Medical Center, Chi-
cago, Illinois; Columbia-Presbyterian Medical Center, New York,
New York; Glaxo Wellcome, Inc., Research Triangle Park, North
Carolina; Vanderbilt University, Nashville, Tennessee; University
of Pittsburgh, Pittsburgh, Pennsylvania; Baylor College of Medi-
cine, Houston, Texas; Wayne State University, Detroit, Michigan;
University of Alabama, Birmingham, Alabama; University of
Washington, Seattle, Washington; LDS Hospital, Salt Lake City,
Utah; Brown University, Providence, Rhode Island; McGill Uni-
versity, Montreal, Quebec, Canada; The Cleveland Clinic, Cleve-
land, Ohio; and Harbor-UCLA Medical Center, Torrance, Cali-
fornia.

Presented at the 71st Scientific Sessions of the American Heart
Association, 11 November 1998, Dallas, Texas, and published in
abstract form (Circulation. 1998;Suppl 1:I614). The rheumato-
logic outcomes of the study were presented at the 62nd Annual
Scientific Meeting of the American College of Rheumatology, 10
November 1998, San Diego, California, and were published in
abstract form (Arthritis Rheum. 1998;41(Suppl):A1243).

Acknowledgments: The authors thank the members of the Data
Safety Monitoring Board, study coordinators, study monitors, and
pharmacists who participated in this trial.

Grant Support: By Glaxo Wellcome, Inc. Drs. Badesch, Tapson,
McGoon, Brundage, and Rubin served on the Steering Commit-
tee for the Development of Epoprostenol in Secondary Pulmo-
nary Hypertension and were paid consultants to Glaxo Well-
come, Inc. Dr. Wigley was also a paid consultant to Glaxo
Wellcome, Inc.

Requests for Single Reprints: David B. Badesch, MD, University of
Colorado Health Sciences Center, Division of Pulmonology,
C272, 4200 East Ninth Avenue, Denver, CO 80262; e-mail,
David.Badesch@UCHSC.edu.

Requests To Purchase Bulk Reprints (minimum, 100 copies): Bar-
bara Hudson, Reprints Coordinator; phone, 215-351-2657;
e-mail, bhudson@mail.acponline.org.

Current Author Addresses: Dr. Badesch: Division of Pulmonology,
University of Colorado Health Sciences Center, C272, 4200 East
Ninth Avenue, Denver, CO 80262.
Dr. Tapson: Division of Pulmonary Medicine, Duke University
Medical Center, DUMN Box 31175, Durham, NC 27710.
Dr. McGoon: Division of Cardiovascular Diseases, Mayo Clinic,
200 First Street SW, Rochester, MN 55905.
Dr. Brundage: Bend Memorial Clinic, 1501 NE Medical Center
Drive, Bend, OR 97701.
Dr. Rubin: University of California, San Diego, School of Med-
icine, 200 West Arbor Drive, Westwing Room 135, San Diego,
CA 92103.
Dr. Wigley: Division of Rheumatology, Johns Hopkins Univer-
sity, 720 Rutland Avenue, Room 1059 South, Baltimore, MD
21205.
Dr. Rich: Section of Cardiology, Rush-Presbyterian-St. Luke’s
Medical Center, 1725 West Harrison Street, Suite 945, Chicago,
IL 60612.
Dr. Barst: Babies Hospital, Columbia-Presbyterian Medical Cen-
ter, Pediatric-Cardiology Center BH-2 North, Room 262, 3959
Broadway, New York, NY 10032.
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