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Pulmonary arterial hypertension is a life-threatening disease for
which continuous intravenous prostacyclin has proven to be effec-
tive. However, this treatment requires a permanent central venous
catheter with the associated risk of serious complications such as
sepsis, thromboembolism, or syncope. Treprostinil, a stable pros-
tacyclin analogue, can be administered by a continuous subcuta-
neous infusion, avoiding these risks. We conducted a 12-week,
double-blind, placebo-controlled multicenter trial in 470 patients
with pulmonary arterial hypertension, either primary or associated

 

with connective tissue disease or congenital systemic-to-pulmonary
shunts. Exercise capacity improved with treprostinil and was un-
changed with placebo; the between treatment group difference in

 

median six-minute walking distance was 16 m (p 

 

�

 

 0.006). Im-
provement in exercise capacity was greater in the sicker patients
and was dose-related, but independent of disease etiology. Con-
comitantly, treprostinil significantly improved indices of dyspnea,
signs and symptoms of pulmonary hypertension, and hemodynam-
ics. The most common side effect attributed to treprostinil was in-
fusion site pain (85%) leading to premature discontinuation from
the study in 8% of patients. Three patients in the treprostinil
treatment group presented with an episode of gastrointestinal
hemorrhage. We conclude that chronic subcutaneous infusion of
treprostinil is an effective treatment with an acceptable safety
profile in patients with pulmonary arterial hypertension.
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Despite recent major therapeutic advances, pulmonary arte-
rial hypertension remains a life-threatening disorder (1, 2).
Continuous intravenous infusion of epoprostenol (prostacy-

clin) has been shown to improve exercise capacity, hemody-
namics, and quality of life in primary pulmonary hypertension
(3, 4) as well as in other forms of pulmonary arterial hyperten-
sion complicating scleroderma (5, 6) and congenital systemic-
to-pulmonary shunts (7, 8). In addition, improved survival
with epoprostenol has been demonstrated in one unblinded,
randomized study of patients with severe primary pulmonary
hypertension (3). However, despite these favorable outcomes,
continuous intravenous infusion of epoprostenol is far from
ideal as a treatment for severe pulmonary arterial hyperten-
sion due to its very short half-life (one to two minutes) requir-
ing a continuous intravenous infusion. This delivery method is
associated with frequent severe and potentially serious side ef-
fects (3, 5, 9). In addition, it is very costly (10). Thus, other
modes of prostacyclin delivery are being considered using sta-
ble prostacyclin analogues administered orally (11, 12), subcu-
taneously (13), or by inhalation (14, 15).

Treprostinil, a stable prostacyclin analogue, shares phar-
macological actions similar to epoprostenol (16, 17), with sim-
ilar acute hemodynamic effects (18). However, in contrast to
epoprostenol, treprostinil is chemically stable at room temper-
ature and neutral pH and has a longer half-life (three to four
hours) permitting continuous subcutaneous infusion rather
than continuous intravenous infusion, avoiding the risks of se-
vere infection and thrombosis (19). The objective of this study
was to assess the effects of subcutaneous treprostinil on exer-
cise capacity, disease symptoms, hemodynamics, and quality
of life in patients with severe pulmonary arterial hypertension,
including primary pulmonary hypertension as well as pulmo-
nary arterial hypertension associated with connective tissue
disease and congenital systemic-to-pulmonary shunts.

 

METHODS

 

Patients

 

Between November 1998 and October 1999, 470 patients were ran-
domized from 24 centers in North America (Canada, Mexico, and the
United States), and from 16 centers in the rest of the world (Australia,
Austria, Belgium, France, Germany, Israel, Italy, Poland, Spain, UK).
Eligible patients had pulmonary arterial hypertension in accordance
with the inclusion and exclusion criteria summarized in Table 1. Pa-
tients with connective tissue disease had no pulmonary parenchymal
disease as evidenced by lung function tests and a high-resolution com-
puted tomography (CT) scan. Patients with congenital heart disease
(left-to-right shunts) had either pulmonary arterial hypertension that
developed a variable number of years after surgical correction, or pre-
sented with an inversion of the shunt due to the development of
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pulmonary hypertension and associated increase in pressures of the
right heart (Eisenmenger complex). All patients gave written informed
consent. The protocol was approved by the local ethics committee at
each participating center.

 

Randomization and Treatment

 

Patients were randomly assigned to receive either continuous subcu-
taneous infusion of treprostinil (Remodulin; United Therapeutics
Corporation, Research Triangle Park, NC) plus conventional therapy
or continuous infusion of placebo (vehicle solution without treprosti-
nil) plus conventional therapy. All patients had conventional therapy
optimized for at least one month before enrollment. Conventional ther-
apy could include oral vasodilators, oral anticoagulants, diuretics, and/
or digitalis (20). Randomization was based on a permuted block de-
sign stratified on the basis of baseline exercise capacity and etiology of
pulmonary arterial hypertension.

Treprostinil or placebo was administered using a positive pressure,
microinfusion pump (MiniMed, Sylmar, CA). The infusion catheter
was placed by the patient in the subcutaneous tissue of the abdominal
wall. Chronic study drug infusion was initiated at the dose of 1.25 ng/
kg/min. During the 12-week study, doses were increased to a maxi-
mum dose at which pulmonary hypertension signs and symptoms
were improved while achieving an acceptable side effect profile. At
Week 12, the maximum allowable dose was 22.5 ng/kg/min. These
doses were selected on the basis of approximately equipotent pulmo-
nary hemodynamic effects compared with those of prostacyclin (18).

 

Outcome Measures

 

The primary measure of efficacy was exercise capacity as defined by
the maximum distance a patient could walk in six minutes (21). The
unencouraged six-minute walk test was administered by a “blinded”
tester not involved in the patient’s daily care and unaware of the pa-
tient’s treatment assignment. Each patient performed at least one prac-
tice walk test before the baseline assessment conducted before random-
ization. The walk test was then repeated at Weeks 1, 6, and 12.

Principal reinforcing endpoints of efficacy were signs and symp-
toms of pulmonary hypertension using a composite score including 16
signs or symptoms recorded at baseline and Weeks 1, 6, and 12; the
Dyspnea Fatigue Rating (22) assessed at baseline and Weeks 1, 6, and
12; and the number of deaths, lung transplantations, or discontinua-

tions for clinical deterioration. Secondary endpoints were assessment
of shortness of breath immediately after the six-minute walk test using
the Borg Dyspnea Scale (23) at baseline and Weeks 1, 6, and 12; cardio-
pulmonary hemodynamics measured by right heart catheterization at
baseline and Week 12; global, physical, and emotional quality of life
using the “Minnesota Living with Heart Failure Questionnaire” (24)
assessed at baseline and Weeks 6 and 12.

Safety was assessed by comparison of adverse experiences in the
two treatment groups and by laboratory assessments (including hemo-
globin level, platelet count, leukocyte count, serum creatinine concen-
tration, blood urea nitrogen, alkaline phosphatase, and alanine ami-
notransferase) at baseline and Week 12. An independent data safety
monitoring board reviewed serious adverse events and deaths after
20%, 40%, and 60% of patients had completed the study.

 

Statistical Analysis

 

Changes in the distance walked in six minutes from baseline to Week 12
were compared between treatment groups using an intention-to-treat,
nonparametric analysis of covariance, prespecified as the primary
analysis. A least squares regression analysis was applied to calculate
the six-minute walk distances as linear functions of baseline walk, va-
sodilator use, etiology, and study center. The standardized mid-ranks
of the residuals from these linear regression analyses were then deter-
mined. Patients who discontinued the study due to death, clinical de-
terioration, or transplantation before Week 12 were assigned a stan-
dardized rank of 0. For patients who discontinued before Week 12 for
any other reason, the standardized mid-rank from the last available
assessment was carried forward. The ranks were then compared be-
tween treatment groups using the extended Cochran–Mantel–Haens-
zel test. Changes from baseline to Week 12 in the composite score of
signs and symptoms of pulmonary hypertension, Dyspnea-Fatigue
Rating, Borg Dyspnea Score, and Quality of Life scores were com-
pared between treatment groups using the Wilcoxon rank sum test
without imputation. Between treatment group changes in hemody-
namic variables were compared using parametric analysis of covari-
ance adjusting for baseline value without imputation. In analyses of
possible treatment interactions, a significance level of 

 

�

 

 

 

�

 

 0.1 was
considered suggestive of a treatment effect.

 

RESULTS

 

Baseline Characteristics and Patient Disposition

 

Baseline demographic and hemodynamic characteristics of
the two groups are shown in Tables 2 and 3, respectively. The
two groups were well matched with respect of severity of pul-
monary hypertension, duration of illness, and etiology of

 

TABLE 1. MAIN INCLUSION AND EXCLUSION CRITERIA

 

Inclusion criteria
Primary pulmonary hypertension or pulmonary hypertension associated with

connective tissue diseases or associated with congenital systemic
to pulmonary shunts

Age between 8 and 75 yr
New York Heart Association (NYHA) functional class II, III, or IV
Significant pulmonary hypertension defined by

Mean pulmonary arterial pressure 

 

�

 

 25 mm Hg at rest
Mean pulmonary capillary wedge pressure 

 

�

 

 15 mm Hg
Pulmonary vascular resistance 

 

�

 

 3 mm Hg/L/min
Ventilation perfusion lung scan or pulmonary angiography not indicative of

thromboembolic disease

Exclusion criteria
Significant parenchymal pulmonary disease as evidenced by pulmonary

function tests or high resolution CT scan
Porto pulmonary hypertension or HIV-associated pulmonary hypertension
Uncontrolled sleep apnea
History of left side heart disease
Other diseases associated with pulmonary hypertension (e.g., sickle cell 

anemia, shistosomiasis)
Baseline exercise capacity of less than 50 m or greater than 450 m walked

in 6 min
Any new type of chronic therapy for pulmonary hypertension added within

the last month
Any pulmonary hypertension medication discontinued within the last week

except anticoagulants
Any use of prostaglandin derivatives within the past 30 d

 

Definition of abbreviations

 

: CT 

 

�

 

 computed tomography; HIV 

 

�

 

 human immunodefi-
ciency virus.

 

TABLE 2. DEMOGRAPHIC CHARACTERISTICS AT BASELINE

 

Characteristic
Treprostinil
(

 

n

 

 

 

�

 

 

 

233

 

)
Placebo

(

 

n 

 

�

 

 

 

236

 

)

Age, yr 44.6 

 

�

 

 1.0 44.4 

 

�

 

 0.9
Sex, n (%)

Male 36 (16) 51 (22)
Female 197 (85) 185 (78)

Ethnic group, n (%)
Black 13 (6) 8 (3)
White 198 (85) 198 (84)
Other 22 (9) 30 (13)

NYHA functional class, n (%)
II 25 (11) 28 (12)
III 190 (82) 192 (81)
IV 18 (8) 16 (7)

6-min walk distance, m 326 

 

�

 

 5 327 

 

�

 

 6
Etiology of pulmonary hypertension, n (%)

Primary pulmonary hypertension 134 (58) 136 (58)
Connective tissue disease 41 (17) 49 (20)
Congenital systemic to pulmonary shunts 58 (25) 51 (22)

Years since pulmonary hypertension diagnosis 4.3 

 

�

 

 0.5 3.3 

 

�

 

 0.5

 

Definition of abbreviation

 

: NYHA 

 

�

 

 New York Heart Association.
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pulmonary hypertension; 233 patients were randomized to tre-
prostinil and 237 patients to placebo.

 

Primary Endpoint

 

Exercise capacity. 

 

All but one of the 470 randomized patients
were included in the analysis of the primary endpoint; this pa-
tient, assigned to receive placebo, did not receive any study
drug. The distance walked in six minutes improved at Week 12
in the treprostinil group by a median change of 10 m (

 

�

 

24 to

 

	

 

47 m; 25th–75th percentile) and remained essentially un-
changed in the placebo group with a median change of 0 m
(

 

�

 

44 to 

 

	

 

32 m; 25th–75th percentile). The difference in me-
dian distance walked between the two groups at Week 12 was
16 m (95% CI, 4.4 m to 27.6 m, Hodges–Lehmann estimate of
the median difference, p 

 

�

 

 0.006).
Neither baseline demographic covariates nor disease etiol-

ogy showed significant interaction with the change in exercise
capacity. In contrast, a treatment interaction was observed
with the baseline walking distance (p 

 

�

 

 0.03), baseline New
York Heart Association (NYHA) functional class (p 

 

�

 

 0.11),
and baseline mixed venous oxygen saturation (p 

 

�

 

 0.07). Pa-
tients who were more compromised at baseline had a greater
improvement in exercise capacity from baseline to Week 12.
Severely ill patients who walked less than 150 m at baseline
had an estimated treatment effect of +51 

 

�

 

 16 m (p 

 

�

 

 0.002) and
less sick patients who walked more than 351 m at baseline had
no substantial estimated treatment effect (

 

�

 

2 

 

�

 

 12 m, p 

 

�

 

 0.869).
In addition, there was a relationship between the treprostinil
dose achieved at Week 12 and the change in the 6-min walk dis-
tance. When patients were grouped by quartile of the dose
achieved at Week 12, the highest quartile dose had the greatest
improvement in six-minute walk distance, and the first and sec-
ond quartile dose had small improvements (p 

 

�

 

 0.03) (Figure 1).

 

Principal Reinforcing Endpoints

 

Signs and symptoms of pulmonary arterial hypertension. 

 

The
signs and symptoms composite score improved in the trepros-
tinil group from 7.6 

 

�

 

 0.5 at baseline to 8.5 

 

�

 

 0.5 at Week 12
compared with the placebo group, in which it worsened from
7.5 

 

�

 

 0.4 at baseline to 7.4 

 

�

 

 0.2, p 

 




 

 0.0001 for the compari-
son between the treatment groups.

 

Dyspnea-Fatigue Rating.  

 

The Dyspnea-Fatigue Rating im-
proved from 4.2 

 

�

 

 0.1 at baseline to 5.4 

 

�

 

 0.2 at Week 12 in
the treprostinil group, whereas it worsened in the placebo
group from 4.4 

 

�

 

 0.1 to 4.3 

 

�

 

 0.1, p 

 

�

 

 0.0001 for the compari-
son between the treatment groups.

 

Death, transplantation, or clinical deterioration.  

 

Fourteen
patients died while receiving the study drug (seven in each
group). Five additional patients (two in the treprostinil group
and three in the placebo group) died during the 12-week study
period but after withdrawal of the study drug. Six patients in

 

each group discontinued the study due to clinical deteriora-
tion; five patients receiving treprostinil and four receiving
placebo were transitioned to continuous intravenous epopros-
tenol therapy. One placebo patient underwent lung transplanta-
tion and was alive at the end of the 12-week study period. The
total number of deaths, transplantations, or discontinuations
due to clinical deterioration was 13 patients in the treprostinil
group versus 16 patients in the placebo group.

 

Secondary Endpoints

 

Borg Dyspnea Score. 

 

In the treprostinil group, patients had an
improvement in the Borg Dyspnea Score from 4.3 

 

�

 

 0.2 at
baseline to 3.2 

 

�

 

 0.2 at Week 12, versus an improvement in
the placebo group from only 4.4 

 

�

 

 0.2 to 4.2 

 

�

 

 0.2, p 

 




 

 0.0001
for the comparison of the treatment groups.

 

Cardiopulmonary hemodynamics.  

 

Changes in hemodynamic
variables are shown in Table 4. Comparison of treatment
groups showed that treprostinil-treated patients had signifi-
cant improvement in mean right atrial pressure, mean pulmo-
nary artery pressure, cardiac index, pulmonary vascular resis-
tance, and mixed venous oxygen saturation.

 

Quality of life.  

 

Patients treated with treprostinil experienced
a significant improvement in their physical dimension score at
Week 12 (p 

 

�

 

 0.0064) with a trend toward improvement in the
global dimension score (p 

 

�

 

 0.17) as compared with the pla-
cebo group.

 

Tolerability, Dose, Safety

 

No clinically significant changes in hematologic or biochemical
variables were observed in either group. The most common ad-
verse events are shown in Table 5. Infusion site pain was com-
mon in both treatment groups but was more common in the tre-
prostinil group, 85% versus 27%, respectively. Eighteen patients
(8%) in the treprostinil group discontinued their study treatment
due to intolerable abdominal infusion site pain versus one in the
placebo group. Adverse events classically related to the use of
prostacyclin, such as diarrhea, jaw pain, flushing, and lower limb
edema occurred more often in the treprostinil group. There were
no reports of infusion site infections in either group.

By the end of the 12-week study period, the mean dose of
the study drug received was 9.3 ng/kg/min versus 19.1 ng/kg/
min in the placebo group (p 

 




 

 0.001). Infusion system mal-
functions were common, reported in 55 patients of the trepro-
stinil group (24%) and in 77 patients of the placebo group
(33%). Adverse events resulting from these dysfunctions were
rare (four patients in each group) and had no clinically serious
adverse consequences.

In addition, three patients in the treprostinil group presented
with a gastrointestinal hemorrhage; each patient experienced

 

TABLE 3. HEMODYNAMIC VARIABLES AT BASELINE

 

Variables
Treprostinil
(

 

N

 

 

 

�

 

 

 

233

 

)
Placebo

(

 

N

 

 

 

�

 

 

 

236

 

)

Heart rate, beats/min 82 

 

�

 

 1 82 

 

�

 

 1
Mean right atrial pressure, mm Hg 10 

 

�

 

 0.4 10 

 

�

 

 0.4
Mean pulmonary artery pressure, mm Hg 62 

 

�

 

 1 60 

 

�

 

 1
Mean pulmonary capillary wedge pressure, mm Hg 10 

 

�

 

 0.3 9 

 

�

 

 0.2
Cardiac index, L/min/m

 

2

 

2.4 

 

�

 

 0.1 2.3 

 

�

 

 0.1
Pulmonary vascular resistance index, units/m

 

2

 

26 

 

�

 

 1 25 

 

�

 

 1
Mean systemic artery pressure, mm Hg 90 

 

�

 

 1 91 

 

�

 

 1
Systemic vascular resistance index, units/m

 

2

 

38 

 

�

 

 1 39 

 

�

 

 1
Mixed venous oxygen saturation, % 62 

 

�

 

 1 60 

 

�

 

 1
Arterial oxygen saturation 92 

 

�

 

 0.5 91 

 

�

 

 0.5

Figure 1. Mean change in the six-minute walk distance from baseline
to Week 12 versus Week 12 trepostinil dose quartile.

Susan
Highlight

Susan
Highlight

Susan
Highlight



 

Simonneau, Barst, Galie, 

 

et al.

 

: Treprostinil in Pulmonary Hypertension 803

 

melena and one patient experienced a small hematemesis and
rectal bleeding. Two of these patients presented with exces-
sively increased INR (4.0 and 3.14), one of whom had taken
naproxen, a nonsteroidal antiinflammatory drug. Two of these
patients required transfusion of one and three units of packed
red blood cells, respectively. All three gastrointestinal hemor-
rhage episodes subsided spontaneously without adverse clinical
consequences.

 

DISCUSSION

 

This study is the first double-blind, placebo-controlled trial
conducted in pulmonary arterial hypertension; it is also the
largest clinical trial with worldwide participation. The results
show that continuous subcutaneous infusion of treprostinil, a
stable prostacyclin analogue, is effective therapy in patients
with primary pulmonary hypertension as well as in patients
with pulmonary arterial hypertension associated with either
connective tissue disease or congenital systemic-to-pulmonary
shunts. Compared with continuous subcutaneous infusion of
placebo, treprostinil consistently improved exercise capacity,
indices of dyspnea, signs and symptoms of pulmonary arterial
hypertension, cardiopulmonary hemodynamics, and the physi-
cal dimension of quality of life.

The distance walked in six minutes has been previously
shown to be an independent predictor of mortality in primary
pulmonary hypertension (3, 25). After 12 weeks, the differ-
ence in median distance walked between the two treatment
groups was 16 m. Although significant, this difference appears
moderate compared with previous results obtained with intrave-
nous epoprostenol (3, 5). The relatively limited increase in the
six-minute walk distance after three months of subcutaneous
treprostinil may be explained by the inclusion of less compro-
mised patients, and by the fact that the most important im-
provement in exercise capacity was observed in the sickest
patients. Actually, in the sicker patients, the magnitude of the
exercise capacity improvement was similar to that obtained

with epoprostenol therapy (3, 5). In addition, in a proportion
of patients, only a relatively low dose of treprostinil was
achieved by Week 12 due to local infusion site pain. This likely
limited the improvement in the six-minute walking distance,
as the present results also show a relationship between the
dose of treprostinil achieved and increase in six-minute walk
distance. However, although limited in magnitude, the increase
in the six-minute walk distance in treprostinil-treated patients
really reflected clinical improvement as supported by the im-
provements in the Dyspnea-Fatigue Rating, signs and symp-
toms scores, and the Borg Dyspnea Score measured at the end
of the exercise test indicating increased exercise with less dys-
pnea. The effectiveness of treprostinil is further supported by
a significant improvement in the hemodynamic variables previ-
ously shown to be associated with mortality in primary pulmo-
nary hypertension (26). These hemodynamic changes observed
after 12 weeks of treprostinil therapy, although small, with av-
erage differences between study groups of only 3 mm Hg in
mean pulmonary artery pressures and 0.3 L/min/m

 

2

 

 in cardiac
index, were of the same order of magnitude as those previ-
ously reported in randomized controlled trials of 12 weeks of
intravenous epoprostenol in patients with primary pulmonary
hypertension (3) or with pulmonary hypertension secondary
to connective tissue disease (5). Chronic epoprostenol or tre-
prostinil may induce more important improvements in exer-
cise hemodynamics, accounting for the observed clinical im-
provement in patients with pulmonary arterial hypertension.

The large placebo-control group in the present trial offered
a unique opportunity to observe the spontaneous evolution, over
a period of three months, of stable NYHA class III patients
with pulmonary arterial hypertension under optimal medical
treatment but without prostacyclin therapy. It appears that
such patients are remarkably stable, at least over a three-month
period of time, with modest changes in exercise capacity, and
a mortality of only 3%. This mortality rate after a relatively
short observation period of only three months was actually
expected on the basis of both the six-minute walk distances
(25) and the hemodynamic profile (26) of the included pa-
tients. Much larger numbers of patients with the same disease
severity and longer periods of observation would be necessary
to show a treatment effect on mortality. The mortality rates in
the present study are similar to those reported in a recent ran-
domized, controlled trial of intravenous epoprostenol in pa-
tients with pulmonary arterial hypertension secondary to
connective tissue disease (5). Intravenous epoprostenol was
previously reported to decrease mortality in a randomized,
controlled trial that differed from the present study by the in-
clusion of a smaller number of more severely ill patients, with
lower exercise capacity and worse NYHA functional class (3).

In terms of safety, continuous subcutaneous infusion of tre-
prostinil presents several advantages over continuous intrave-
nous infusion of epoprostenol. Due to its short half-life (one to
two minutes) and chemical instability, epoprostenol can be given
only intravenously, and requires a permanently implanted cen-

 

TABLE 4. CARDIOPULMONARY HEMODYNAMICS: CHANGE FROM BASELINE TO WEEK 12

 

Treprostinil Placebo p Value

Heart rate, beats/min

 

�

 

0.5 

 

�

 

 0.8

 

�

 

0.8 

 

�

 

 0.7 ns
Mean right atrial pressure, mm Hg

 

�

 

0.5 

 

�

 

 0.4

 

	

 

1.4 

 

�

 

 0.3 0.0002
Mean pulmonary artery pressure, mm Hg

 

�

 

2.3 

 

�

 

 0.5

 

	

 

0.7 

 

�

 

 0.6 0.0003
Cardiac index, L/min/m

 

2

 

	

 

0.12 

 

�

 

 0.04

 

�

 

0.06 

 

�

 

 0.04 0.0001
Pulmonary vascular resistance index, units/m

 

2

 

�

 

3.5 

 

�

 

 0.6

 

	

 

1.2 

 

�

 

 0.6 0.0001
Mean systemic artery pressure, mm Hg

 

�

 

1.7 

 

�

 

 0.9

 

�

 

1.0 

 

�

 

 0.9 ns
Systemic vascular resistance index, units/m

 

2 �3.5 � 0.9 �0.8 � 0.8 0.0012
Mixed venous oxygen saturation, % 	2.0 � 0.8 �1.4 � 0.7 0.0001

TABLE 5. MOST FREQUENT ADVERSE EVENTS

Event

Treprostinil
(n � 233)

n (%)

Placebo
(n � 236)

n (%) p Value

Infusion site pain 200 (85) 62 (27) 
 0.0001
Infusion site reaction 196 (83) 62 (27) 
 0.0001
Infusion site bleeding/bruising 79 (34) 102 (44) ns
Headache 64 (27) 54 (23) ns
Diarrhea 58 (25) 36 (16) 0.009
Nausea 52 (22) 41 (18) ns
Rash 32 (14) 26 (11) ns
Jaw pain 31 (13) 11 (5) 0.001
Vasodilatation 25 (11) 11 (5) 0.01
Dizziness 21 (9) 19 (8) ns
Edema 21 (9) 6 (3) 0.002
Vomiting 12 (5) 14 (6) ns
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tral venous catheter and a portable infusion pump, as well as
refrigeration during administration. Sepsis, thrombosis, para-
doxical embolism, and interruptions of treatment due to acciden-
tal occlusions, perforations, and dislodgments of the catheter,
and pump malfunction all have been reported under intravenous
epoprostenol. Additionally, any interruption of intravenous
delivery of epoprostenol may be associated with syncope, and
even death, from an acute pulmonary hypertensive crisis (3–8).
None of these life-threatening complications of intravenous
epoprostenol therapy was observed in the present study.

Infusion site pain was the most common side effect attrib-
uted to treprostinil. Its mechanism remains unclear. It did not
appear to be dose-related but seems correlated to the rate of
dose increase. It often improved after several months of treat-
ment and could be minimized by moving the infusion site ev-
ery three days as opposed to every day. Topical cold and hot
packs, topical and oral analgesics, and antiinflammatory drugs
were variably effective.

There were three episodes of gastrointestinal hemorrhage re-
ported in the treprostinil group. These serious adverse events
were attributed to concomitant administration of anticoagulant
therapy as indicated in severe pulmonary hypertension (2) in two
patients, and the use of a nonsteroidal antiinflammatory drug in
one patient with the known platelet antiaggregatory effects of
prostacyclin. All of these gastrointestinal hemorrhage episodes
rapidly resolved without adverse clinical consequences, after ad-
justment of anticoagulant therapy, and withdrawal of the anti-
inflammatory drug, but required a transfusion in two patients.

During the 12-week study period, five patients receiving
subcutaneous treprostinil and discontinuing the study due to clin-
ical deterioration were transitioned to intravenous epoprostenol.

In conclusion, chronic subcutaneous treprostinil is an effec-
tive therapy with an acceptable safety profile in patients with
pulmonary arterial hypertension. Further clinical experience
with chronic subcutaneous treprostinil will define its place as
an alternative to intravenous epoprostenol in patients with
pulmonary arterial hypertension.
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