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Abstract
Objective—To compare prostacyclin with
an analogue, iloprost, in treatment of
severe pulmonary hypertension.
Patients—Eight patients with severe pul-
monary hypertension: primary in five,
thromboembolic pulmonary hypertension
in three.
Methods—All patients underwent right
heart catheterisation. Mean (SEM) right
atrial pressure was 9.9 (2.2) mm Hg,
mean pulmonary artery pressure 67.4
(3.0) mm Hg, cardiac index 1.75 (0.13)
l/min/m2 and mixed venous oxygen satura-
tion 59.1(3.1)%. Continuous intravenous
epoprostenol (prostacyclin, PGI2) or ilo-
prost was given for phase I (three to six
weeks); the patients were then crossed
over to receive the alternate drug in an
equivalent phase II.
Main outcome measures—Exercise toler-
ance was measured at baseline and at the
end of phase I and II with a 12 minute
walk; distance covered, rest period, per-
centage drop in arterial oxygen saturation
(ÄSaO2%) and percentage rise in heart
rate (ÄHR%).
Results—Walking distance covered rose
from (mean (SEM)) 407.5 (73) to
591 (46) m with PGI2 (p = 0.004) and to
602.5 (60) m while on iloprost (p = 0.008).
Rest period decreased from 192 (73)
seconds at baseline to 16 (16) seconds with
PGI2 (p = 0.01) and to 58 (34) seconds with
iloprost (p = 0.008). ÄHR% was 37.5(6)%
at baseline, 35(3)% on PGI2, and 24(6)% on
iloprost (p = 0.04).
Conclusions—Both intravenous PGI2 and
iloprost caused significant improvement
in exercise tolerance. Iloprost oVers an
alternative to PGI2 treatment of severe
pulmonary hypertension.
(Heart 1998;79:175–179)
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Primary pulmonary hypertension is a serious
disease with a fatal outcome in a majority of
patients.1–3 Calcium channel blockers4 5 to-
gether with anticoagulants1 have been used to
treat mild to moderate disease, while in severe
pulmonary hypertension continuous prostacy-
clin infusion has been shown to improve
patients’ wellbeing as well as survival.6–8

However, prostaglandin I2 (prostacyclin, PGI2)
has a short half life of less than five minutes in

vivo and is therefore quite unstable. It has to be
protected from light and needs to be dissolved
in a glycine buVer for intravenous admin-
istration.9–11 Iloprost is a more stable synthetic
analogue of PGI2.

12 It is a comparable pulmo-
nary vasodilator to PGI2 and therefore has
potential for the treatment of pulmonary
hypertension.13 In this prospective study we
have compared the eVects of iloprost and PGI2
on exercise capacity in patients with severe
pulmonary hypertension.

Methods
The study involved eight patients (four men
and four women) diagnosed as having either
primary (n = 5) or thromboembolic (n = 3)
pulmonary hypertension, who had had symp-
toms for an average of 44.6 months and were
categorised into New York Heart Association
(NYHA) grade III to IV disability. Dyspnoea
was the main symptom in all patients, five hav-
ing chest pain and one syncope. In one patient
the onset of symptoms was associated with
pregnancy, while in another patient the presen-
tation was Raynaud’s syndrome.
The diagnosis of primary pulmonary hyper-

tension was made after excluding other causes
of pulmonary hypertension,14 and thrombo-
embolic disease was diagnosed by lung scan
showing one or more normally ventilated
segmental or subsegmental perfusion defects.15

Four patients were already taking anticoagu-
lants, five were on calcium channel blockers,
and three were on both warfarin and calcium
channel blocker treatment (table 1). On entry
to the study, all patients stopped taking oral
vasodilators and calcium channel blockers, but
continued anticoagulants.
The study was approved by the local ethics

committee and all patients signed informed
consent. Ten patients initially participated, but
two were subsequently excluded as they could
not comply with the study protocol.

RIGHT HEART CATHETERISATION

All patients had right heart catheterisation.
Anticoagulant treatment was stopped before
the procedure and written consent was ob-
tained. A triple lumen, flow directed catheter
was inserted through the internal jugular vein
under local anaesthesia while the patient was
lying in a supine position. Mean right atrial
pressure, pulmonary arterial pressure, and pul-
monary artery wedge pressure values were
obtained using electronic integration of the
pressure signals, with the mid-axillary line as a
zero reference point. Cardiac output was
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measured by thermodilution technique using a
bedside cardiac output computer (American
Edwards Laboratory, Santa Ana, California,
USA). Pulmonary vascular resistance (mean
pulmonary artery pressure minus pulmonary
artery wedge pressure divided by cardiac
output) was calculated in Wood units (wu).
Cardiac rhythm was monitored using continu-
ous electrocardiography, and arterial pressure
was monitored from a radial artery cannula.
Blood samples were obtained from pulmonary
and radial arteries for gas tension analysis.

ACUTE VASODILATOR TRIAL

After obtaining baseline measurements, an
intravenous PGI2 infusion was started at an
initial dose of approximately 2 ng/kg/min,
which was then increased stepwise after five to
15 minutes by 1 to 2 ng/kg/min. Epoprostenol
(prostacyclin, PGI2) was supplied by Wellcome
Foundation (Beckenham, Kent, UK) as a
sodium salt which was dissolved in an accom-
panying glycine buVer before diluting it in nor-
mal saline. All the haemodynamic measure-
ments and blood samples were obtained before
increasing the dose. This acute vasodilator
study was continued until there was a 20%
reduction in pulmonary vascular resistance or a
fall of systolic systemic blood pressure below
100 mm Hg. As it takes five minutes for PGI2
to be inactivated,16 twenty minutes were
allowed after stopping PGI2 before starting the
intravenous infusion of iloprost. The order was
chosen because iloprost has a half life of over
13 minutes.13 Iloprost (supplied by Schering
Healthcare, Burgess Hill, Sussex, UK) was
available in 1 ml ampoules containing 100 µg
of the drug in sterile physiological saline with
the addition of Tris buVer (pH 8.3) and

ethanol (1%). This was diluted in normal
saline to prepare the intravenous infusion. Ilo-
prost infusion was started at approximately 1 to
2 ng/kg/min and increased in a stepwise
fashion according to the protocol as for PGI2.
Haemodynamic measurements and blood
samples were taken every five to 15 minutes
before increasing the dose.

LONG TERM TREATMENT

After the right heart catheterisation, patients
were allocated for phase I of the study infusion
(either PGI2 or iloprost), given through an ind-
welling central line. The syringe containing the
solution was driven by an electric pump which
was carried by the patients in a small shoulder
holster and did not restrict their mobility. The
pump was protected from light, and the
patients were taught the aseptic technique of
preparing the solution, as well as the storage,
administration, and maintenance of the infu-
sion, which they were able to do independently
at home. At the end of phase I, patients crossed
over to phase II (the alternative treatment).
The duration of PGI2 and iloprost infusion
varied for individual patients (range 4 to 19
weeks for PGI2 and 3.5 to 11 weeks for
iloprost); on average both PGI2 and iloprost
were given for seven weeks. It was intended to
keep the duration of both phase I and phase II
to four weeks but this could not be achieved.
(The variation in the treatment duration
occurred because patients were referred from
other centres and at times they had to travel
long distances; therefore follow up periods
were kept flexible.) Exercise tolerance was
measured at baseline while patients were on
their previous treatments, and then at the end
of each phase using a monitored 12 minute

Table 1 Characteristics of the patients and anthropometric data

Patient Age (years) Sex Height (cm) Weight (kg) Diagnosis
NYHA
grade

Duration of
symptoms (months)

Treatment before the
study

1 48 M 181 86 TEPH IV 36 Dilt, Warf
2 21 F 167 62 PPH III 36 Oxy, Nif, War
3 47 M 180 88 PPH III 60 Frum, Dilt, War
4 38 M 174 90 TEPH IV 60 Etha, Amil, Nicard,

Pirb
5 54 F 158 83 PPH IV 20 Frum, Dilt
6 41 M 186 75 TEPH III 120 Bum, Amil, War, Pred,
7 38 F 157 55 PPH III 13 Pred
8 20 F 161 49 PPH III 12 War

Amil, amiloride; Bum, bumetanide; Dilt, diltiazem; Etha; ethacrynic acid; Fru, frumil; Nic, nicardipine; Pirb, pirbuterol; War,
warfarin; PPH, primary pulmonary hypertension; Pred, prednisolone; TEPH, thromboembolic pulmonary hypertension.

Table 2 Baseline right heart catheter data for patients and results of acute infusion of either prostacyclin or iloprost

Patient

Baseline Epoprostenol Iloprost

Diagnosis mRAP mPAP CI PVR SvO2 mRAP mPAP CI PVR SvO2 Dose mRAP mPAP CI PVR SvO2 Dose

1 TEPH 15 60 1.7 12.8 46 14 58 2.1 10.2 60 6.2 — — — — — —
2 PPH 5 69 1.6 16.6 57 5 68 2.0 13.5 65 6.4 4 64 2.1 14.2 66 9.7
3 PPH 11 55 2 10.8 66 9 44 2.3 8.0 76 6.1 9 44 2.4 8.2 72 3.0
4 TEPH 6 66 1.7 15.5 55 5 58 2.4 9.1 57 4.4 5 52 2.8 7.1 58 6.7
5 PPH 18 68 1.9 — 52 13 49 2.7 — 71 6.4 14 53 2.7 — 64 4.8
6 TEPH 17 67 1.2 — 58 13 — 1.6 — 65 5.3 — — — — — —
7 PPH 4 70 1.5 25.2 65 7 74 1.7 — 64 7.3 8 79 1.9 — 73 10.9
8 PPH 3 84 2.4 21.1 74 1 77 3.4 14.2 72 8.2 — 69 3.7 11.7 — 8.2
Mean 9.9 67.4 1.7 17.0 59.1 8.4 61.1* 2.3* 11.0* 66.2* 6.3 6.7 59.7* 2.6* 10.3 66.6* 7.2
SEM (2.2) (3.0) (0.1) (2.2) (3.1) (1.7) (4.7) (0.2) (1.2) (2.2) (0.4) (2.0) (5.1) (0.2) (1.6) (2.7) (1.3)

*p < 0.05.
CI, cardiac index (l/min/m2); mRAP, mean right atrial pressure (mm Hg); mPAP, mean pulmonary artery pressure (mm Hg); PVR, pulmonary vascular resistance;
SvO2, mixed venous oxygen saturation (%); PPH, primary pulmonary hypertension; TEPH, thromboembolic pulmonary hypertension.
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walk.17 During the 12 minute walk, arterial
oxygen saturation and heart rate were moni-
tored. Duration of rest periods during the test
was also recorded.
Of the two patients who were excluded from

the initial cohort, one received only iloprost
and was not willing to cross over to PGI2 in
phase II; the second patient was excluded from
the analysis because his baseline exercise data
were not available.

STATISTICAL ANALYSIS

Distance covered during the 12 minute walk
was recorded in metres and the rest period was
recorded in seconds. Heart rate (beats/min)
was noted at rest and then at each minute
interval. The diVerence between resting and
maximum heart rate was calculated in percent-
age rise in heart rate (ÄHR%). Degree of oxy-
gen desaturation was calculated as percentage
fall in oxygen saturation (ÄSaO2%), taking into
account oxygen saturation at rest and mini-
mum saturation during exercise. During right
heart catheterisation mean right atrial and
pulmonary artery pressures were recorded

in mm Hg; cardiac output in l/min and cardiac
index in l/min/m2 of body surface area.
Comparisons of exercise and haemodynamic
data on PGI2 and iloprost with respect to base-
line were made using the paired Wilcoxon test.
It was assumed that there was no carry over
eVect from phase I to phase II and the
comparisons were based on the tests of the
treatment results versus the baseline. Results
are shown as mean with a standard error. A p
value of less than 0.05 was regarded as statisti-
cally significant.

Results
ACUTE RESPONSE TO TREATMENT

Baseline measurements during right heart cath-
eterisation indicated the severity of pulmonary
hypertension (table 2). After a vasodilator chal-
lenge, there was no significant change in right
atrial pressure, either with PGI2 or iloprost:
9.9 (2.2) at baseline v 8.4 (1.7) mm Hg with
PGI2 and 6.7 (2.0) mm Hg with iloprost (table
2). The mean pulmonary artery pressure fell
from 67.4 (3.0) to 61.1 (4.7) mm Hg with
PGI2 (p = 0.04) and to 59.7 (5.1) mm Hg with
iloprost (p < 0.05), while cardiac index im-
proved both with PGI2 and iloprost
(1.75 (0.1) l/min/m2 at baseline to 2.3 (0.2)
l/min/m2 with PGI2 (p = 0.004) and 2.6 (0.2)
l/min/m2 with iloprost (p = 0.02)). The pulmo-
nary vascular resistance was not measured in
some patients, because of diYculties in meas-
uring either the pulmonary artery wedge pres-
sure or the cardiac output. Where it was meas-
ured, there was a fall from baseline with both
PGI2 and iloprost: 17 (2.2) wu at baseline
(n = 6) to 11 (1.2) wu with PGI2 (n = 5,
p = 0.03), and to 10.3 (1.6) wu with iloprost
(n = 4). Mixed systemic venous oxygen satura-
tion (SvO2) improved with both drugs:
59.1(3.1)% at baseline to 66.25(2.2)% with
PGI2 (p < 0.05) and to 66.6(2.7)% with
iloprost (p = 0.03) (table 2).

LONG TERM TREATMENT

All patients were able to perform a 12 minute
walk test to assess exercise tolerance at
baseline. There was an improvement in exer-
cise tolerance, as judged by the distance
covered and the duration of rest required dur-
ing the walk test: 407.5 (73) m at baseline
increasing to 591 (46) m with PGI2
(p = 0.004) (tables 3 and 4), and to
602.5 (60) m with iloprost (tables 3 and 5)
(p = 0.008). Rest periods required by the
patients were less while on PGI2 or iloprost:
192 (73) at baseline v 16 (16) seconds on PGI2
(p = 0.02), and 58 (34) seconds on iloprost
(p = 0.008). There was a trend towards less
oxygen desaturation (ÄSaO2%) during exercise
while on PGI2 and iloprost compared with
baseline; however, data availability was re-
stricted because of the low peripheral perfusion
in some patients, which caused diYculty in
measuring transcutaneous oxygen saturation:
16.6(6.7)% O2 desaturation at baseline (n = 7)
v 6(1.8)% with PGI2 (n = 4) and 10.5(6.3)%
with iloprost (n = 7) (p = 0.02). The ÄHR%
during exercise was 37.5(6.3)% at baseline

Table 3 Twelve minute walk data at baseline

Patient Diagnosis Distance (m) Rest (s) ÄSaO2 (%) ÄHR (%)

1 TEPH 280 0 3.1 31.3
2 PPH 560 85 3.2 63.7
3 PPH 570 165 16.9 25.6
4 TEPH 180 420 4.2 19.5
5 PPH 120 360 31.8 14.9
6 TEPH 380 505 7.7 49.5
7 PPH 720 0 — 56.4
8 PPH 450 0 49.4 38.8
Mean 407.5 192 16.6 37.5
(SEM) (73) (73) (6.7) (6.3)

ÄHR (%), percentage increase in heart rate; ÄSaO2 (%), percentage drop in oxygen saturation;
PPH, primary pulmonary hypertension; TEPH, thromboembolic pulmonary hypertension.

Table 4 Twelve minute walk data on epoprostenol (PGI2 )

Patient Diagnosis Distance (m) Rest (s)
ÄSaO2
(%) ÄHR (%)

Duration
(weeks)

Dose PGI2
(ng/kg/min)

1 TEPH 360 0 — — 19 5.5
2 PPH 620 0 11.1 41.3 7 20
3 PPH 680 0 — — 4.5 6.3
4 TEPH 520 0 4.1 28.6 5 15.8
5 PPH 490 125 — — 4 4
6 TEPH 700 0 4.3 42.5 4 3.8
7 PPH 760 0 3.1 26.8 5 6.9
8 PPH 600 0 — 35.8 7.5 7.3
Mean 591** 16* 6 35 7 8.7
(SEM) (46) (16) (1.8) (3.2) (1.8) (2.2)

*p < 0.05, **p < 0.01 compared to baseline.
ÄHR (%), percentage increase in heart rate; ÄSaO2 (%), percentage drop in oxygen saturation;
PPH, primary pulmonary hypertension; TEPH, thromboembolic pulmonary hypertension.

Table 5 Twelve minute walk data on iloprost

Patient Diagnosis
Distance
(m) Rest (s)

ÄSaO2
(%) ÄHR (%)

Duration
(weeks)

Dose PGI2
(ng/kg/min)

1 TEPH 420 0 0 0 3.5 2.1
2 PPH 740 0 2 50 6 2.7
3 PPH 880 0 — — 8 1.0
4 TEPH 340 260 4.1 23.7 5 1.7
5 PPH 580 55 13.5 15.3 7 0.7
6 TEPH 580 150 6 20.8 11 1.6
7 PPH 640 0 1 27.1 8 3.4
8 PPH 640 0 46.9 32 7.5 3.9
Mean 602.5† 58† 10.5* 24.1* 7 2.1‡
(SEM) (60) (34) (6.3) (5.8) (0.8) (0.4)

*p < 0.005, †p < 0.001 comparison with baseline; ‡p < 0.05 comparison with PGI2 and iloprost
dose.
ÄHR (%), percentage increase in heart rate; ÄSaO2 (%), percentage drop in oxygen saturation;
PPH, primary pulmonary hypertension; TEPH, thromboembolic pulmonary hypertension.
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(n = 8) compared with 35(3.2)% while on
PGI2 (n = 5), and 24.1(5.8)% while on iloprost
(n = 7) (p = 0.04) (tables 3, 4, and 5).

Discussion
In this study we have shown the eVect of a PGI2
analogue, iloprost, on exercise tolerance of
patients with pulmonary hypertension. While
on iloprost, the improvement in the distance
covered during the 12 minute walk was more
than 200 m. This, in conjunction with the
reduced rest period required during the
exercise test, suggests that these patients would
have experienced enhancement in their daily
activities. The number of patients studied is
small but provides evidence that iloprost may
improve the exercise capacity of patients with
severe pulmonary hypertension. Similar results
have been reported in patients with systemic
sclerosis and pulmonary hypertension.18

Iloprost has a similar molecular structure to
PGI2 and works through PGI2 receptors
present on the vascular endothelial cells.19 20

Similar in function to PGI2, it is a potent
vasodilator of the pulmonary vascular bed13

and also inhibits platelet aggregation.18 It is a
relatively more stable compound than PGI2.

12

It can be dissolved in isotonic solution, does
not have to be protected from light, and can be
stored at room temperature.
The haemodynamics were not uniform in all

patients. Right atrial pressure, cardiac index,
and mixed SvO2 have prognostic value and var-
ied in the subjects studied. In five patients the
mean right atrial pressure was below
10 mm Hg, while in the other three it was in
excess of 10 mm Hg. In patients 3 and 8, the
cardiac index was 2 and 2.4 l/min/m2 respec-
tively, while in six other patients it was below
2 l/min/m2, suggesting marked right ventricu-
lar dysfunction.2 However, the majority of
patients had an SvO2% of less than 63%,
suggesting severe disease,1 and all were
severely disabled, being categorised into
NYHA grade III-IV, which is also associated
with a poor prognosis.7

It may also be argued that there was no
washout period between PGI2 and iloprost,
allowing carry over eVects of the first treat-
ment. However PGI2 has a short half life of
minutes16 and it is unlikely that vasodilator
activity would have lasted for any significant
period on changing from phase I to phase II of
the study. There was an ethical reason for not
having a washout with a placebo between phase
I and II: as the subjects had a potentially fatal
disease, there was a risk of causing a rapid
haemodynamic and symptomatic deterioration
on stopping potent vasodilator treatment.
Five patients had PGI2 and three had iloprost

in phase I. After crossover to the alternative
drug there was no worsening of symptoms and
the improvement of exercise tolerance in each
patient was generally maintained. In two
patients there was a slight decline in the 12
minute walk distance on switching from PGI2
to iloprost, and two patients decreased their
walking distance slightly on changing from ilo-
prost to PGI2. However, the duration of rest
required during the 12 minute walk did not

increase for any of these patients. Notably, all
five patients who were on calcium channel
blockers at baseline improved their exercise
tolerance while on iloprost.
As this is a short term study involving eight

patients, it may be necessary to conduct a long
term survival study to evaluate the therapeutic
role of iloprost fully. However, these early data
suggest that the prostacyclin analogue iloprost
may be an eVective long term treatment for
severe pulmonary hypertension, and it is
generally well tolerated—headaches, diarrhoea,
and abdominal pain may occur initially but
usually settle after 24 to 48 hours. There is
some evidence that this analogue of PGI2 may
be a little more stable, with an in vivo half life of
approximately 13 minutes,12 compared with
five minutes for PGI2. At present it has to be
given as a continuous intravenous infusion
through a central line, which may occasionally
create problems such as infection, blockage,
and displacement of the line. Finally iloprost is
approximately twice as strong a vasodilator as
PGI2—only half the dose is required to produce
the same long term eVects. This might reduce
the already high cost of these drugs.

CONCLUSION

We have shown that the synthetic prostacyclin
analogue iloprost may improve the exercise tol-
erance of patients with severe pulmonary
hypertension. Its eVect on long term survival in
pulmonary hypertension is, however, not
known. Its therapeutic eYcacy would probably
need to be further evaluated in a larger survival
study.

We are grateful to Schering Health Care Ltd for providing us
with the supply of iloprost, as well as for the patients’ travel
grants.
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