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Abstract 

Background: Intravenous prostacyclin (iv PGI) and inhaled Iloprost (inh ilo) are established 

therapies in pulmonary arterial hypertension (PAH), however comparative data are lacking.  

Methods and Patients: We performed a long-term open label comparison trial of iv PGI or high 

dose inh ilo in 24 patients with severe PAH: 12 patients (9 female, 40 +/- 14 years, 10 

idiopathic PAH, 2 PAH in connective tissue disease CTD) received iv PGI, whereas 12 patients 

(7 female, 43 +/- 12 years, 5 IPAH, 6 CTD, 1 porto-pulmonary hypertension) were commenced 

on inh ilo with a median dose of 120 µg / 24 hours. Hemodynamic parameters and 6 minute 

walking distance (6MWD) at baseline did not differ between both groups.  

Results: After 3 months therapy, patients on iv PGI showed a significant increase in 6 MWD 

from 220 to 280 meters (p<0.01), whereas patients on high dose inh ilo increased 6 MWD 

from 200 to 275 meters (p<0.05). The event free follow up was 23 [1-76] months in the iv PGI2I 

group, and 16 [7-38] months in the high dose inh ilo group (p<0.05). Patients with a 6MWD ≥ 

300 meters after 3 months therapy had a significantly longer event free follow up [16 vs. 35 

months; p<0.004]  

Conclusion: In this patient population with severe pulmonary hypertension of different  

etiologies, event free follow up on treatment with iv PGI is significantly longer compared to 

high dose inh ilo. The 6MWD after 3 months treatment might be predictive for long term 

outcome. 

 

 

Key Words: pulmonary hypertension, epoprostenol, high dose Inhaled iloprost, long-term 

treatment 
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1. Introduction 

Administration of prostacyclin or its analogues is currently one of the main therapeutic 

principles in pulmonary arterial hypertension (1).  

Intravenous epoprostenol (iv PGI2) is established therapy for severe pulmonary hypertension 

of different etiologies. Over the last 20 years, the effects of iv PGI2 on hemodynamic 

parameters, clinical performance, and survival have been repeatedly documented with a mean 

increase in 6MWD of 47 meters after 3 months treatment, while patients with idiopathic 

pulmonary arterial hypertension (PAH) respond best to iv PGI therapy (2-6). However iv PGI2 

therapy is hampered by several disadvantages including the invasiveness and associated risks 

(1, 7, 8). Furthermore its long term effectiveness on disease progression beyond 1 year 

treatment has not been studied (9)  

Inhaled Iloprost (inh ilo) is also an approved for therapy of severe pulmonary arterial 

hypertension (PAH) with the advantage of noninvasive drug application. It has been shown to 

improve symptoms, exercise capacity, and hemodynamic parameters in patients with severe 

pulmonary hypertension in a randomized controlled trial and several uncontrolled trials; 

however there are only few data on long term use beyond one year treatment (10-13). 

Although several new therapies are available for pulmonary hypertension, studies comparing 

the different treatment options in pulmonary hypertension are very limited and there is no head 

to head clinical study comparing the treatment with prostacyclin analogues (14).  

The present study compares the effects of primary treatment with either iv PGI2 or inh ilo in 26 

patients with severe pulmonary hypertension. The end-points were hemodynamic and 

functional parameters after 3 months treatment, and long term outcome.  
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2. Methods and Patients 

2.1. Initial Assessment  

In this long-term observation, 26 consecutive patients with newly diagnosed severe pulmonary 

hypertension were assessed. None of the patients had previously received specific pulmonary 

vasoactive treatment. Fifteen patients suffered from idiopathic PAH. Eight patients had PAH 

due to connective tissue disease (CTD) and one patient from porto- pulmonary hypertension 

due to viral hepatitis. Two patients with chronic thromboembolic pulmonary hypertension not 

amenable for pulmonary thromboendarterectomy (CTEPH) and  severe pulmonary 

hypertension in mild pulmonary fibrosis  were excluded from further analyses as they suffered 

from non PAH- PH.  

In total 24 patients (16 female, 8 male, median age 40, 16-67 years) were included.  

All patients underwent a functional and haemodynamic assessment including 6 minute walking 

distance (6MWD) and right heart catheterization. None of the patient had an acute significant 

vasodilator response to inhaled nitric oxide according to current guidelines (1, 15). All patients 

were in WHO stage III-IV with indication for specific pulmonary vasoactive therapy (1). 

Baseline demographic, haemodynamic and functional parameters did not differ between both 

treatment groups (table 1)  

 

 

2.1. Initiation of Therapy 

At time of initiation of treatment, iv PGI as well as inh ilo was approved treatment for severe 

PH. The follow up was carried out within the regular clinical care schedule.  

For administration of iv PGI2 (Flolan), a Hickman central venous catheter was inserted in the 

subclavian vein. Iv PGI was infused using a battery driven syringe pump with automatic 

auditory alarm (MS16A Graseby Dynamics, Bushey, U.K.). Dose of iv PGI2 was gradually 
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increased to the maximum tolerated dose. Further dose increase was according to patients’ 

symptoms and clinical condition (1). 

 Inh ilo was delivered via an ultrasonic jet nebuliser (Multisonic compact® , Schill Company, 

Probstzella, Germany) with an efficacy of 86%, expressing the percentage of dosage delivered 

at the mouthpiece (15). Patients were started on treatment as described previously (16). In 

summary, patients inhaled 3mls of iloprost dilution over 5-8 minutes with gradual increase 

depending on the patient’s symptoms up to a maximum dose of 20 µg iloprost / inhalation. 

Inhalation was repeated every 3 hours with a 9 hour night time break. In total, there were 7 

inhalation sessions per day, and the patients received 120 µg iloprost mouthpiece dose per 24 

hours (high dose inh ilo), as previously described (17). This inhalation regimen was approved 

by the local ethics committee. Patients were trained to handle the medication and the 

intravenous and inhalation devices at the ward.  

Eighteen patients were started on treatment with iv PGI2. Within 1 week, 5 patients were 

subsequently changed to high dose inh ilo because of severe catheter related infections (n=4, 

among them 2 pts with CTD), or inability to handle the continuous iv infusion devices (n=1).  

Eight patients were primarily started on high dose inh ilo. Six patients refused iv PGI2 therapy. 

One patient was on chronic ambulatory hemodialysis due to renal involvement in systemic 

Lupus erythematosus, and another patient had severe pulmonary hypertension in mild 

pulmonary fibrosis.  

 

2.2. Follow up 

After 3 months treatment patients underwent a repeat of 6MWD and hemodynamic 

measurements. Iv PGI treatment was continued during right heart catheterization, whereas in 

patients on treatment with high dose inh ilo, haemodynamics were measured 1 - 2 hours after 

last administration of inh ilo. An intermediate analysis was performed after 12 months 
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concerning functional capacity and survival. During the whole observation period patients 

remained in regular clinical follow up every 3 - 6 months. We recorded need for additional 

medical therapy, atrial septostomy or transplantation due to clinical worsening. Clinical 

worsening was defined as described previously (13), i.e. deterioration in their condition with 

refractory systemic hypotension with systolic blood pressure less than 85 mm Hg, signs of 

progressive right ventricular failure, secondary organ failure, a reduction of  6 minute walking 

distance > 30% or a  deterioration of in haemodynamic parameters.  

 

2.3. Statistics  

As data were not normally distributed, values are displayed as median (min-max). To test for 

statistical differences, we used the Mann Whitney u-test, Wilcoxon rank sum test, and Chi 

square test (χ2). For comparing survival, Kaplan Meier Survival Analysis was performed (18).  

 

3. Results 

3.1. Iv PGI group 

Twelve patients were commenced on treatment with iv PGI2 (9 female; 10 idiopathic PAH, 2 

PAH in CTD; median age 38, 19-67 years). Within the first 3 months patients received a 

median dose of 8 ng/kg/min (7-10 ng/kg/min). Afterwards the dose of iv PGI2 was further 

increased according to patient’s symptoms and clinical condition. After 1 year the median dose 

was 15 ng/kg/min (10-24) ng/kg/min.     

 

3.2. High Dose Inh ilo group 

Twelve patients received inh ilo (7 female; 5 idiopathic PAH, 6 PAH in CTD, 1 portopulmonary 

hypertension, median age 43, 16-57 years) at an effective median dose at mouthpiece of 120 

(90-120) µg / 24 hours.  
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3.3. Follow up  

3.3.1. Assessment after 3 months 

After 3 months treatment, patients receiving iv PGI2 showed an increase in the 6MWD from 

220 [0-380] to 280 [200-400] meters (27%; p < 0.01). The cardiac index (CI) increased from 

1.6 [0.8-1.9] to 2.0 [1.3-3.1] l/min/m2 (25%; p < 0.005), whereas pulmonary vascular resistance 

(PVR) decreased from 1174 [847-3160] to 1078 [504-1615] dyne*s/cm5 (9%; p < 0.005) (Table 

2A). 

Patients on treatment with high dose inh ilo showed an increase of the 6MWD from 200 [100-

480] to 275 [100-500] meters (37%; p < 0.05), and a decrease in PVR from 1227 [481-2069] to 

1012 [341-1785] (17%; p=0.38). The CI remained stable at 1.7 l/min/m2 (Table 2B).  

 

3.3.2. Assessment after 12 months 

After 12 months 20 patients were alive on continuous treatment. In the iv PGI2 group 1 patient 

had died and 2 patients had undergone lung transplantation. In the remaining 10 patients 

6MWD increased to 295 [100-400] meters (p<0.01 from baseline) with a median dose of 12.8 

ng/kg/min (10-21 ng/kg/min). In the high dose inh ilo group 3 patients had died within one 

year. The 10 patients on continuing treatment achieved a 6MWD of 280 [20-450] meters (p < 

0.05 from baseline).  

 

3.3.3. Long term follow up 

The median time of follow up was 20 [1-76] months after starting prostaglandin analogue 

therapy. During this period, 5 patients underwent successful heart lung transplantation after 15 

[1-27] months, among them 3 patients treated with iv PGI2 and 2 patient on treatment with 

high dose inh ilo. 
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Six patients (2 iv PGI2, 4 inh ilo) deteriorated on monotherapy after a median of 38 (16-72) 

months. They could be stabilized on combination treatment with bosentan (n=3), sildenafil 

(n=2) and iv PGI2 in one patient, respectively.  Three patients in the iv PGI2 group and one 

patient on inh ilo underwent successful atrial septostomy (19).  

Twelve patients died after 18 [3-64] months prostaglandin analogue treatment, among them 5 

in the iv PGI2 and 6 in the high dose inh ilo group. Ten patients died due to progressive right 

heart failure despite escalation of medical therapy in all of them. Four patients could not be 

stabilized even with atrial septostomy (19). One patient treated with high dose inh ilo died 

from renal failure due to underlying diagnosis of sLE. Another patient in the high dose inh ilo 

group died due to cardiac arrhythmia.  

Comparing both treatment groups, the event free follow up was 21 [1-76] months in the iv PGI2 

group, and 16 [7-38] months in the high dose inh ilo group [p=0.049] (Figure 1).  

Patients with a 6 MWD > 300 meters at baseline had a longer event free follow up compared to 

patients with a 6MWD < 300 meters prior to prostaglandin analogue therapy but this was not 

statistically significant [34 (10-40) versus16 (1-75) months; p= 0.4].  

Patients with a 6MWD > 300 meters after 3 months prostaglandin analogue therapy had a 

statistically significant longer event free follow up compared to patients walking  < 300 meters 

[35 (5-75) vs. 16 (1-64) months; p=0.02] ) (Figure 2). 
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4. Discussion 

This long term observational study compares monotherapy with either intravenous prostacyclin 

or high dose inhaled iloprost in patients with severe PAH and provides data on long term 

follow up to 6 years of treatment.  

Both treatments resulted in a significant functional improvement after 3 months and 

stabilization of functional capacity after 12 months, respectively. However, only in the iv PGI2 

group there was also a significant improvement in the haemodynamic parameters after 

3 months, a prognostic relevant goal to achieve in the treatment of PAH patients.   

These effects of either iv PGI2 or high dose inh ilo on 6 MWD and haemodynamics are 

comparable with results of previously published trials (2-6, 11).  

The decision about establishing patients on treatment with high dose inh ilo was made to limit 

transpulmonary shunt blood flow (12), according to patient’ preferences, or in early 

complications of iv PGI2 therapy (especially due to infectious complications). We experienced a 

rate of early line infections of 15%, which is comparable with previous studies (2).    

Although both treatment groups did not differ concerning baseline hemodynamics and 

functional parameters, the underlying diseases were not equally distributed. In the iv PGI2 

group 10 patients had idiopathic PAH (77%), whereas in the high dose inh ilo group 5 patients 

suffered from idiopathic PAH (38%).  While patients with idiopathic PAH respond best to 

prostaglandin analogue treatment, patients with PAH due to CTD have a worse prognosis (1, 

3, 17). The improvement in prognosis is well documented in patient with idiopathic PAH on 

treatment with iv PGI2 (1, 5, 15, 20). For inh ilo, a benefit concerning event free follow up is 

currently published over a period of 3 months (13). In our study, a selection bias concerning 

etiology of PAH needs to be considered for the event free long term follow up, which was 

significantly lower in the high dose inh ilo group (16 months) compared to the iv PGI2 group 

(23 months).  
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The dose of ivPGI has been uptitrated in respect to patients’ symptoms and clinical stability (1). 

The dose range of iv PGI2 was comparable with dosage used in previous studies (2). 

However, a dose depending treatment effect has been shown for prostacyclin and 

prostacyclin analoques in the therapy of PAH. The use of higher dosages of iv PGI2 as 

applied in our observation, been reported in the long term treatment of PAH patients 

(21, 22). 

  In this study we used an inhalation regimen with a maximum dose of 120 µg Iloprost per day. 

This dose is significantly higher that the currently used dosage of inhaled iloprost in the 

US and Europe.  Previously, we could show that inhalation of this high dose of iloprost is safe 

and effective in the long term treatment of patients with PAH and PH of other origin (17). 

Nevertheless, the results obtained in this long term observation can only be related to 

the use of high dose inhaled iloprost.   

Besides haemodynamics, assessment of prognosis in PAH includes exercise capacity before 

and during therapy (5, 17, 23, 24). In our study, the 6MWD before therapy did not significantly 

discriminate concerning overall outcome, but patients with a 6MWD > 300 meters after 3 

months treatment with prostaglandin analogue had a significant longer event free follow up 

(Figure 2). Functional improvement on prostaglandin analogue treatment is a useful parameter 

for assessment of long term outcome (5).  

Therapy of PAH has changed considerably with introduction of orally active medication (1, 25, 

26). Comparing the results of the recently published trials of treatment for PAH, the present 

study confirms the impact of intravenous epoprostenol and inhaled iloprost as an efficacious 

and powerful medical treatment for severe pulmonary hypertension (27, 28). Current strategies 

for patients’ management involve clinical goals of treatment and combination therapy in PAH 

(29). Concomitant use of intravenous or inhaled prostaglandin analogues with endothelin 
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antagonists or phosphodiesterase 5 inhibitors showed favorable results in several uncontrolled 

studies and randomized controlled trials (30-36).   

 

4.1. Study limitations  

The study has several major limitations. Firstly the lack of randomization, but also the small 

number of patients with heterogeneous etiology of pulmonary hypertension and their unequal 

distribution within the study groups should be taken into account. The higher number of 

patients with IPAH, which respond better to prostacyclin therapy, might influence the outcome 

of the study. Otherwise, the relatively low dosage of iv PGI2 and the use of high dose inh 

ilo needs to be taken into account when comparing both treatment groups.    

In conclusion, in this long term observation treatment with either iv PGI2 or high dose inh ilo in 

severe pulmonary hypertension enables a similar functional improvement after 3 months. 

However, in long term follow up iv PGI enables a significantly longer time to clinical worsening 

compared to high dose inh ilo. The 6MWD after 3 months treatment might be predictive for 

long term event free outcome. 
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Table 2 A 6 MWD and haemodynamic parameters before and after 3 months 
treatment with iv PGI2 
 

 
 

 
6MWD 
metres 

 
CI  

l/min/m2 

 
CVSO2 

% 

 
mPAP 
mm Hg 

 
RAP 

mm Hg 

 
PVR 

dyne*s/cm5 

 pre post pre post pre post  pre post  pre  post  pre post 
 

Median  
 

min – 
max 

 
220 

 
0-

380 

 
280 

 
200-
400 

 
1.6 

 
0.8-
1.9 

 
2.0 

 
1.3-
3.1 

 
56 

 
42-
67 

 
65 

 
49-
71 

 
58 

 
42-
86 

 
58 

 
39-
74 

 
11 

 
1-
20 

 
10 

 
0-20 

 
1174 

 
847-
3160 

 
1078 

 
504-
1615 

 
Wilcox. 

 
p < 0.01 

 
p < 0.005 

 
 p <0.03 

 
p = 0.7 

 
p = 0.5 

 
p < 0.005 

 
 
 
 
 
Table 2 B 6 MWD and haemodynamic parameters before and after 3 months 
treatment with high dose inh ilo 
 
 
 

 
6MWD 
metres 

 
CI  

l/min/m2 

 
CVSO2 

% 

 
mPAP 
mm Hg 

 
RAP 

mm Hg 

 
PVR 

dyne*s/cm5 
 pre post pre post pre post Pre post pre post pre post  
 

median  
 

min-
max 

 
200 

 
0-

480 

 
270 

 
0- 

500 

 
1.7  

 
1.1-
2.8 

 
1.7 

 
1.4-
3.1 

 
57 

 
46-
77 

 
60 

 
44-82 

 
55  

 
40-79 

 
50 

 
32-70 

 
13  

 
0-23 

 
9 
 

3-32 

 
1227 

 
481-
2069 

 
1012

 
341-
1785

 
Wilcox 

 
p < 0.05 

 
p = 0.64 

 
p = 0.21 

 
P = 0.11 

 
p = 0.43 

 
p = 0.38 
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Table 1 Demographic, haemodynamic and functional parameter at baseline  
in both treatment groups in median (min- max) 
 
  

iv PGI2 group 
 

 
high dose  

inh ilo group 

 
 Mann Whitney Test 

 
Age (years) 

 
38 (19 - 67) 

 
43 (16 – 57) 

 
p=0,33 

 
Gender 

 
9 female / 3 male 

 
7 female / 5 male 

 
Χ

2 =0,99 
 
Etiology of PH 
   IPAH 
   PAH in CTD 
   Porto- PH  

 
 

10 
2 
 

 
 

5 
6 
1 

 
 
 
 
χ

2 = 0,24 
 
NYHA class  III / IV 

 
9 / 3 

 
9 / 3 

 

 
6 minute walking test  

 
220 (0- 380) 

 
200 (0 - 480) 

 
p =0,35 

 
mPAP (mmHg) 

 
58 (42-86) 

 
55 (40 - 79) 

 
p =0,71 

 
CI (l/min/qm) 

 
1.6 (0.8 – 1.9) 

 
1.7 (1.1- 2.3) 

 
p =0,42 

 
PVR  

 
1098 (855- 2848) 

 
1027 (533- 3408) 

 
p =0,2 

 
FVC (%pred) 

 
86 (82 – 93) 

 
83 (80 – 92) 

 
p =0,18 

 
TLC (%pred) 

 
94 (92 – 102) 

 
93 (90 - 103) 

 
p =0,2 

 
DLCO (%pred) 

 
73 (66 – 84) 

 
70 (64 - 82) 

 
p =0,24 
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Figure 1 Comparison of event free follow up on treatment with iv PGI2 or high dose inh ilo 
treatment, respectively. (p=0.049)  
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Figure 2 Comparison of event free follow up according to 6 minute walking distance after 3 
months treatment with iv PGI or high dose inh ilo, respectively (p=0.02) 
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