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Prastacyclins have played a prominent role in the treatment of pulmonary arterial hypertension (PAH). 
To evaluate the efficacy and safety of prostacyclins therapy in PAH, a search was performed in PubMed, 
OVID and EMBASE to identify relevant articles randomized controlled trials and a meta-analysis was 
conducted. Ten documents (including 1261 patients) accorded to the demand of enrollment. Compared 
with placebo treatment, prostacyclins can improve exercise capacity, cardiac function and clinical 
symptoms, decrease mean pulmonary arterial pressure and pulmonary vascular resistance, and may 
not be able to reduce the mortality of severe PAH patients in short-term. Generally, PAH patients can 
tolerate headache, injection site pain and other side effects. 
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INTRODUCTION 
 
Pulmonary arterial hypertension (PAH) is a debilitating 
chronic disorder of the pulmonary vasculature charac-
terized by elevated mean pulmonary arterial pressure 
and pulmonary vascular resistance, right-sided heart 
failure and early mortality (Benedict et al., 2007). True 
incidence of PAH is unknown, but it is calculated that one 
to two new cases of primary PAH per million inhabitants 
in the general population (Nauser and Stites, 2001; 
Widlitz and Barst, 2003). Mortality associated with PAH is 
extremely elevated. Once diagnosis has been confirmed 
mean survival among adults is 2.8 years (D'Alonzo et al., 
1991). Early diagnosis and treatment will improve the 
quality of life of patients with PAH. Prastacyclins have 
played a prominent role in the treatment of PAH. They are 
potent vasodilators in both the pulmonary and systemic 
circulations and inhibitors of platelet aggregation, and can  
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(treprostinil), orally (beraprost) and inhaled (iloprost).In be  
given  intravenously  (epoprostenol),  subcutaneously this 
study, in order to gather reliable evidence, we present the 
data of a meta-analysis on randomized controlled trials 
(RCTs) with prostacyclins performed exclusively in PAH 
patients published from January 1994 to January 2010. 

 
 
PATIENTS AND METHODS 

 
Search strategy 

 
A search was performed in PubMed, OVID and Embase (all from 
January 1994 to 2010) to identify relevant articles RCTs about the 
efficacy and safety of prostacyclins therapy in PAH patients, using 

the terms ‘pulmonary hypertension’, ‘pulmonary arterial hyperten- 
sion’, ‘prostacyclin’ limited with human and randomized controlled 
trial. Each study was used as a unit for statistical analysis. 
 

 
Inclusion criteria 

 
These include: (1) Randomized controlled trials; (2) Participants 

were adult patients with PAH, including idiopathic PAH, familial 
PAH, as well as connective tissue disease, pulmonary shunt, portal 
hypertension, HIV infection and  thyroid  disease;  (3)  Conventional 
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therapy or placebo-control study; (4) the participants were 
assessed at least an indicator of the following: 6 min walk distance 
(6 MWD), Borg dyspnea score, cardiac index, mean pulmonary 
arterial pressure (mPAP), pulmonary vascular resistance (PVR), 
mortality, clinical deterioration and adverse effects. 

 
 
Exclusion criteria 

 
Once meeting one of the following criteria it was excluded from the 
study: (1) Open, prospective trials and uncontrolled trials; (2) 
Participants accepted prostacyclin therapy in perioperative period; 
(3) Children with PAH; (4) The repeated information of the same 
study population or duplicate publication. 

Study quality and data extraction 
The quality of the study and the extracted data were assessed 

independently by two reviewers. When we could not reach a 
consensus, we addressed the relevant experts for theirs opinion. 
Assessments of the quality of studies selected for inclusion were 
based on the Jadad scale (Jadad et al., 1996). The principal 
information obtained included: first author, quality score, therapy 
program, the number of cases and valuable patients, average age, 

sex ratio, type of PAH, basic mPAP, the variance of 6 MWD, Borg 
dyspnea score, cardiac index, mPAP and PVR, mortality, clinical 
deterioration and the incidence of adverse effects. 

 
 
Data analysis 

 
Data analyses were performed using Review Manager 5.0.17 

supplied by the Cochrane collaboration. Outcomes were analysed 
as continuous and dichotomous outcomes, and the relative risk 
(RR), weighted mean difference (WMD) and their 95% confidence 
interval (95% CI) were calculated respectively. The variability of the 
selected studies was evaluated through a heterogeneity test using 
models with fixed effects when the test was statistically non-
significant (P≥0.05) and random effects when the test was 
statistically significant (P<0.05). In order to avoid the non-reliable 

results caused by low quality of the trials, sensitivity analyses were 
performed by excluding the trials of low score. Finally, we have 
analyzed publication bias by mapping funnel plot. All statistical tests 
for efficacy variables were two-tailed, with an alpha level of 0.05. 

 
 
RESULTS 
 
Characteristics of the studies 
 
We select 10 RCTs (Badesch et al., 2000; Barst et al., 
1996, 2003; Galie et al., 2002; Hoeper et al., 2006; 
McLaughlin et al., 2003, 2006; Olschewski et al., 2002; 
Rubenfire et al., 2007; Simonneau et al., 2002) meeting 
the inclusion criteria finally. Table 1 shows the 10 RCTs 
characteristics recruiting 1261 patients with pulmonary 
arterial hypertension that have been conducted over a 
16-year period. The length of the study periods was from 
8 up to 12 weeks. 
 
 
Six-minute walk distance 
 
Investigational treatments significantly improved exercise 
capacity as   assessed   by   the   6 MWD.   The     overall  

 
 
 
 
heterogeneity test provided statistically non-significant 
results (P = 0.77). The evaluated mean improvement of 
exercise capacity assessed by the fix effect model in 
patients allocated to active treatments in the 7 RCTs 
(70%) reporting this index (Figure 1) was 28.81 m (95% 
CI 16.50, 41.13, P<0.00001). 
 
 

Borg dyspnea score 
 
In the 7 RCTs reporting that contained Borg dyspnea 
score data, investigational treatments significantly 
improved exercise capacity as assessed by the Borg 
dyspnea score. The overall heterogeneity test of 6 RCTs 
(60%) provided statistically non-significant results (P = 
0.55). The weighted mean improvement of exercise 
capacity assessed by the fix effect model in patients 
allocated to active treatments was -0.69 (95% CI -1.00, -
0.37, P<0.0001) (Figure 2). One RCT showed that the 
mean of Borg dyspnea score in patients allocated to 
active treatments decreased by 2.0, and that of the 
patients treated with placebo increased by 1.0. 
 
 

Haemodynamic parameter 
 
Investigational treatments significantly improved haemo-
dynamic parameters as assessed by cardiac index, mean 
pulmonary arterial pressure and pulmonary vascular 
resistance. The weighted mean increase in cardiac index 
in patients allocated to active treatments in the 8 RCTs 
(80%) reporting this parameter (Figure 3) was 0.30 0.30 
L/min/m

2
 (95% CI 0.18, 0.43, P<0.00001). The weighted 

mean reduction of PmAP in patients allocated to active 
treatments in the 7 RCTs (70%) reporting this parameter 
(Figure 4) was -4.31 mmHg (95% CI -6.13, -2.50, 
P<0.00001). The weighted mean reduction in pulmonary 
vascular resistance in patients allocated to active 
treatments in the 7 RCTs (70%) reporting this parameter 
(Figure 5) was -4.07 mmHg (95% CI -4.71, -3.42, 
P<0.00001). Statistical tests indicated the existence of 
heterogeneous study results for the first two haemo-
dynamic parameters (P = 0.009 and 0.01) and those data 
were assessed by the random effect model. 

Heterogeneity test of the third parameter provided stati-
stically non-significant results (P = 0.14), so the third 
parameter was assessed by the fix effect model. 
 
 

Clinical deterioration and mortality 
 
The criteria of clinical deterioration were: PAH patients 
met two or more of the following criteria: refractory 
systolic arterial hypotension (blood pressure, less than 85 
mmHg); worsening right ventricular failure; rapidly 
progressing cardiogenic, hepatic or renal failure; a 
decrease of at least 30% in the distance walked in 6 min;  
and a decline in measures of hemodynamic function such 
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Table 1. Characteristics of the 10 studies included in the meta-analysis. 

 

First author 
Quality 
score 

Therapy program 
Number of 

patients 
Number of 

valuable patients 
Average 

age 
Male/female 

Basic mPAP 
(mmHg) 

Badesch (2000) 3 
Epoprostenol (2.2-11.2 ng/kg/min) + conventional 
therapy and conventional therapy, 12 weeks. 

111 111 55 15/96 50 

        

Barst (1996) 3 
Epoprostenol (4-9.2 ng/kg/min) + conventional therapy 
and conventional therapy, 12 weeks. 

81 81 40 22/59 60 

        

McLaughlin 
(2003) 

4 Treprostinil (2.5-20 ng/kg/min) and placebo, 8 weeks. 26 24 37 5/21 61.5 

        

Rubenfire (2007) 2 
Treprostinil (22.3-32.2 ng/kg/min) and placebo, 8 
weeks. 

22 22 44 3/19 Unknown * 

        

Simonneau (2002) 5 
Treprostinil (1.25-22.5 ng/kg/min) and placebo, 12 
weeks. 

470 469 44 87/382 61 

        

Barst (2003) 4 Beraprost (20-200 ug, QID) and placebo, 12 months. 116 116 42 17/99 55.5 

        

Galie (2002) 4 Beraprost (20-120 ug, QID) and placebo, 12 weeks. 130 130 45 50/80 59.5 

        

Hoeper (2006) 3 
Iloprost (5 ug per inhalation, 6 times per day) and 
placebo, 12 weeks. 

40 40 52 9/31 56.5 

        

McLaughlin 
(2006) 

3 
Iloprost (5 ug per inhalation 6 times per day) and 
placebo, 12 weeks. 

67 65 50 14/53 52 

        

Olschewski (2002) 4 
Iloprost (2.5-5 ug per inhalation, 6-9 times per day) and 
placebo, 12 weeks. 

203 203 52 66/137 53 

 

* showed no basic mPAP, but its WHO functional class of PAH is II～III. 

 
 
 
such as central venous pressure and mixed 
venous oxygen saturation. Investigational treat-
ments significantly released clinical deterioration 
(Figure 6). The overall heterogeneity test provided 
statistically non-significant results (P = 0.23). The 
total RR of this parameter in patients allocated to 
active treatments in the 10 RCTs assessed by  the 

fix effect model was 0.50 (95% CI 0.33, 0.76, P = 
0.001). In the 10 RCTs reporting all-cause mor-
tality, investigational treatments did not decrease 
mortality (Figure 7). The overall heterogeneity test 
of 10 RCTs provided statistically non-significant 
results (P = 0.29). 

The total RR of patients allocated to active treat- 

ments assessed by the fix effect model was 0.53 
(95% CI 0.28, 1.01, P = 0.05). 
 
 
Adverse effects 
 
In the 7 RCTs (70%) reporting the most prominent 
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Figure 1. Meta-analysis of 6 min walk distance. CI = confidence interval. 

 
 
 

 
 

Figure 2. Meta-analysis of Borg dyspnea score. CI, confidence interval. 
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Figure 3. Meta-analysis of cardiac index. CI, confidence interval. 

 
 
 

 
 
Figure 4. Meta-analysis of mean pulmonary arterial pressure. CI = confidence interval. 
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Figure 5. Meta-analysis of pulmonary vascular resistance. CI = confidence interval. 

 
 
 

 
 

Figure 6. Meta-analysis of clinical deterioration. CI = confidence interval. 
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Figure 7. Meta-analysis of mortality. CI = confidence interval. 

 
 
 
aversive effect was headache; investigational treatments 
increased the incidence of headache (Figure 8). The 
overall heterogeneity test of 7 RCTs provided statistically 
significant level of difference (P = 0.06). The total RR of 
patients allocated to active treatments assessed by the 
fix effect model was 1.33 (95% CI 1.12, 1.59, P = 0.002). 
 
 
Sensitivity analysis and publication bias 
 
Because the meta-analysis included a RCT (Rubenfire et 
al., 2007) of low score, sensitivity analyses were per-
formed by excluding the trial of low score. The results 
showed as follows (Table 2). We mapped funnel plot 
(Figure 9) analyses publication bias. The funnel plot was 
symmetrical with naked-eye, so there was no publication 
bias in the meta-analysis. 

DISCUSSION 
 
A metabolite of arachidonic acid, prostacyclin is endo-
genously produced by vascular endothelium. It is a potent 
vasodilator in both the pulmonary and systemic circu-
lations, and has anti-platelet aggregatory activity. The use 
of prostacyclins for PAH treatment is based upon the 
imbalance between the activities of thromboxane A2 and 
prostacyclin metabolites (Widlitz and Barst, 2003). 
Prostacyclins induce relaxation of the respiratory vascular 
musculature, stimulating production of cyclic adenosine 
monophosphate (cAMP), and inhibit respiratory muscle 
cell growth and platelet aggregation (Humbert et al., 
2004). 

In this meta-analysis, we evaluated the short-term 
efficacy and adverse effects, focusing on the evaluation 
of   exercise   capacity,   hemodynamic  changes,  clinical 
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Figure 8. Meta-analysis of the incidence of headache. CI = confidence interval. 

 
 
 

Table 2. Sensitivity analysis. 

 

Index RR/WMD (95% CI) RRS/WMDS (95% CI) 

6-min walk distance 28.81 (16.50, 41.13) 30.18 (17.67, 42.69) 

Borg dyspnea score -0.69 (-1.00, -0.32) -0.71 (-1.03, -0.39) 

Mortality 0.53 (0.28, 1.01) 0.53 (0.28, 1.01) 

Clinical deterioration 0.50 (0.33, 0.76) 0.58 (0.37, 0.90) 

Incidence of headache 1.33 (1.12, 1.59) 1.38 (1.15, 1.66) 
 

RR, Relative risk; WMD, weighted mean difference; CI, confidence interval. 

 
 
 
deterioration, mortality and headache. The meta-analysis 
has confirmed the improvement of exercise capacity and 
cardiac function as assessed by 6 MWD, Borg dyspnes 
score and cardiac index, but the results did not 
correspond with the report of Paramothayan et al. (2005) 
exactly. Such difference between general analysis and 
subgroup analysis may be caused by the new RCTs 
publicshed in recent years. These results were not surpri-
sing as the 6 MWD and Borg dyspnea score has been 
represented as the primary endpoint for the majority of 
the RCTs and both patients sample size and statistical 
power were calculated according to the predicted change  

of these parameters. The weighted average improvement 
was about 28.81 m when compared with placebo treat-
ment. In addition, statistically significant improvement in 
the haemodynamic data, including cardiac index, mean 
pulmonary arterial pressure and pulmonary vascular 
resistance were observed. 

The decrease of the mean pulmonary arterial pressure 
and pulmonary vascular resistance provide more direct 
evidence for the effectiveness of the prostacyclins treat-
ment in PAH. The results of this meta-analysis on RCTs 
performed in PAH patients show that the mortality in the 
control  groups  may  be  high.  Because  95%  CI  of  the 
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Figure 9. Publication bias according to the index of clinical deterioration. 

 
 
 
mortality included 1 and intersect of the horizontal and 
the vertical lines were invalid, the two groups of patients 
with short-term mortality show no significant difference. 
Studies have reported that the actual survival rate in PAH 
patients improved obviously by the application of 
prostacyclin drug treatment (Barst et al., 2006; Opitz et 
al., 2005). Because the clinical symptoms and exercise 
capacity of patients improved and the clinical 
deterioration released significantly, this pointed that 
mortality may not be suitable for the evaluation of short-
term effect in PAH patients with prostacyclin treatment. In 
addition, the risk of headache with application of 
prostacyclin increased, especially with beraprost in 
subgroup analysis. The limitations of this meta-analysis 
include the prolonged period of time between the 
publication of the first and the last RCT (about 16 years), 
the difference duration of the trials, the lack of blindness 
in some studies (Badesch et al., 2000; Barst et al., 1996; 
Hoeper et al., 2006; McLaughlin et al., 2006), the pooling 
of multiple active treatment arms (potential alteration of 
the trial structure), the report of secondary outcome 
parameters only in part of the RCTs (possible reporting 
bias), and potential heterogeneity in the conduct of the 
trials and in the definition of hospitalization for PAH in 
different RCTs (no individual patients data were reviewed). 

A publication bias, favoring the publication of positive 
studies, also can not be excluded. The funnel plot ana-
lysis (plots of effects estimates against standard error of 
the estimate) did not show asymmetry (Figure 9) and a 
possible publication bias should not have influenced 

substantially the results of this meta-analysis. In 
conclusion, the results of this meta-analysis point out that 
improvement of exercise capacity, cardiac function and 
haemodynamics were observed in the patients treated 
with targeted therapies approved for PAH. Clinical 
deterioration released obviously in the groups of RCTs 
reporting these data and mortality may not be reduced in 
short-term. Generally patients can tolerate headache and 
other side effects of this treatment. There is also a need 
for more information on side effects in the longer term. 
Additional efforts are required to explore new strategies 
including RCTs with initial with new designs including 
morbidity and mortality endpoints and prolonged 
observation periods. Finally, trials combining prostacyclin 
analogues with other drugs are currently in progress, and 
these data may clarify the therapeutic effectives of this 
drug in treatment of the pulmonary hypertensive patients. 
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