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Effects of prostaglandin E1 on pulmonary circulation
in patients with pulmonary hypertension
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SUMMARY The effects of prostaglandin E1 on pulmonary circulation and left ventricular performance
have been studied in 20 patients with mitral valve disease and pulmonary hypertension.

Prostaglandin E1 was administered intravenously over a period of 30 minutes. The dose used was
0.01 jug/kg per min during the first 15 minutes and 0-02 ,ug/kg per min subsequently. The first dose
led only to an insignificant fall in left ventricular end-diastolic pressure. Infusion of prostaglandin El
in a dose of 0-02 ,ug/kg per min resulted in a significant fall in the pulmonary arterial pressure (P <
0.001), total pulmonary resistance (P < 0 001), left ventricular end-diastolic pressure (P < 0.001), and
aortic pressure (P < 0.01), and an increase in the pulmonary blood volume (P < 0.01), cardiac index
(P < 0.01), and heart rate (P < 0'05). No significant differences were noted in stroke volume index
or left ventricular dP/dt at 50 mmHg after prostaglandin E1.
These results indicate that exogenously administered prostaglandin E1 causes active vasodilatation

of the pulmonary vascular bed and has no inotropic action on the cardiac muscle.

Though the effect of exogenously administered
prostaglandin E (PGE) on the pulmonary circula-
tion has been studied both in various species of
animal and in healthy man (Bergstrom et al., 1959,
1965; Hauge et al., 1967; Carlson et al., 1969;
Hyman, 1969; Sobel and Robinson, 1969; Anderson
et al., 1971; Koss et al., 1973; Kadowitz et al.,
1974), the part it plays in the regulation of the
pulmonary circulation in disease has not yet been
analysed. It has been assumed that PGE, which is
liberated and metabolised in the lungs, fulfils the
role of a local mediator influencing the pulmonary
circulation in hypoxaemia or in anaphylactic
reactions (Bergofsky, 1974).
The effect of exogenous PGE on the pulmonary

vascular bed can be usefully studied in patients with
mitral stenosis, in whom pulmonary vasoconstric-
tion resulting from chronic hypoxaemia plays an
important part in the development of pulmonary
hypertension (Bergofsky, 1974).

Subjects and methods

The effect of prostaglandin E1 (PGE1) was studied
in 20 patients, 4 men and 16 women, ranging
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in age from 19 to 59 years (average 36-7 years).
Mitral stenosis was present in all with mitral re-
gurgitation also in 2 patients. The diagnosis was
established by clinical examination and haemo-
dynamic study, and was confirmed at operation in all
cases. Heart failure was grade 2 and was found in 4
cases, grade 3 in 11, and grade 4 in 5, according to
the NYHA classification. All the patients had pul-
monary arterial hypertension: the mean value of the
mean pulmonary arterial pressure was 38-5 +
15-2 mmHg, and the total pulmonary resistance was
808-2 + 387 dynes s cm-5 (10.1 ± 4-8 units). The
majority of patients were receiving a digitalis pre-
paration and a thiazide diuretic, but for 2 weeks
before the investigation non-steroidal anti-inflam-
matory drugs were not given.
A prostaglandin solution was prepared im-

mediately before the injection by dissolving PGE1
(Upjohn Co. Ltd) in a 95 per cent ethanol solution.
The appropriate dose of this solution was then
diluted in 120 ml of0 9 per cent saline. The prepara-
tion was administered by continuous intravenous
infusion, using a Unipan peristaltic pump, in doses
of 0-01 ,ug/kg per minute for 15 minutes and in
doses of 0-02 ,ug/kg per minute for the subsequent
15 minutes. Informed consent was obtained from
all patients.
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Table Effect of PGE1 infusion on the haemodynamic indices studied in 20 patients with pulmonary hypertension

Patient Age Sex Diagnosis Pulmonary artery mean pressure (mmHg)
no. and NYHA

grade Before After PGE
PGE,

0 01 klg/kg per min 0 02 g.g/kg per min
5' 10' 15' 5' 10' 15'

1 59 F MS 3° 10-4 32 20-8 15-2 24 22-4 10*4
2 51 F MS 20 16 20 20 18 18 - 20*2
3 42 M MS 30 28-8 24 32 32 29-6 28 27
4 35 F MS 30 34-6 36 50 46 40 28 -
5 28 F MS 30 26-4 20 20-8 21-6 24 22-4 25-6
6 27 M MS 30 54 41-4 43-2 37-8 34-2 36-2 42
7 34 M MS 30 46 54 64 60 52 44 28
8 52 F MS 30 304 26-4 24-8 27 28-8 304 23-2
9 52 F MS 2' 26-4 24 24 27-2 20 18-4 18-4
10 19 F MS 40 72 80 76 78 46 50 46
11 26 F MS 30 38 36 24 28 26 40 36
12 26 F MS 2' 25-6 24 27-2 28 16-8 - -
13 40 F MS + MI 40 50 48 48 48 44 40 38
14 20 F MS + MI 40 33-6 32-8 28 27-2 27-2 24 24
15 46 M MS 40 60 58 48 56 56 56 51
16 44 F MS 30 38 44 34 37 34 26 24
17 47 F MS 30 26-4 27-2 17-6 14-4 15-2 12 14
18 27 F MS 30 48 25 16 9-6 4 6-4 12
19 31 F MS 40 56 58 48 52 46 42 38
20 30 F MS 30 38 40 32 30 28 32 -

Mean value 38 05 37-7 34-9 34-6 32-6 31-0 28-8
Standard deviation ±15-2 ±15 ±16-4 ±17-1 ±19 1 ±12 ±119
Significance of change NS NS NS * t *

NS-not significant
* P < 0.05
t P < 0.01
t P < 0-001

The observations were made during right and left
heart catheterisation, performed under local anaes-
thesia after premedication with 10 mg intramuscular
diazepam. The following measurements were then
made simultaneously: systolic, diastolic, and mean
pulmonary artery pressures, left ventricular systolic
and end-diastolic pressures, left ventricular dP/dt
at 50 mmHg (Mason et al., 1971), and heart rate,
before and at 5-minute intervals during PGE1
infusion. The pressure measurements were made
using an EMT 35 pressure transducer, EMT 311
electromanometer amplifier, and Mingograf 81
recorder (Elema-Sch6nander), and left ventricular
dP/dt with an EMT 63 differentiator. Cardiac out-
put and pulmonary blood volume were measured
initially and after 30 minutes of PGE1 infusion by
isotopic radiocardiography, using 131RIHA. The
pulmonary mean transit time was calculated from
the radiocardiograms as the difference between
mean transit time of the right heart activity curve
and the time of peak activity of the left heart curve
(Donato et al., 1962).
Pulmonary blood volume was calculated by

multiplying mean transit time by stroke volume
index. Total pulmonary resistance was calculated
by the standard formula. Cardiac output, stroke
volume, and pulmonary blood volume were ex-

pressed as indices by dividing by body weight (kg).
Changes in left ventricular function were

assessed from (a) the LVEDP measurements from
10 consecutive cardiac cycles 0 05 s after the Q
wave or at the peak of the R wave in the electro-
cardiogram; (b) the stroke volume and cardiac
indices; (c) LV dP/dt at 50 mmHg. In addition, the
aortic systolic, diastolic, and mean pressures were
measured initially and after 30 minutes infusion of
PGE1. The results were analysed statistically,
applying Student's t test for correlated variables.

Results

The haemodynamic changes during 30 minutes
infusion ofPGE1 are given in the Table.

EFFECT OF PGE1 ON PULMONARY
CIRCULATION
During 15 minutes PGE1 infusion in a dose of
0-01 ,tg/kg per minute had no significant effect on
pulmonary arterial pressure. When the dose was
increased to 0-02 ,ug/kg per minute, a fall in the
pulmonary arterial systolic, diastolic, and mean
pressures was already observed after 5 minutes, with
a further drop at 10 and 15 minutes (Fig. 1). There
was a significant drop in total pulmonary resistance
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PBV LVEDP LV dP/dt at CI SVI
s cm-,) (ml per kg) (mmHg) 50 mmHg (mmls) (I/min per kg) (ml/beat per kg)

after before after before after before after before after before after
PGE1 PGE1 PGE, PGE, POE1 PGE1 PGE, PGE, PGE, PGE, PGE1

349 10-8 9-24 12-4
414 3-49 4-89 9-2
827 4-95 392 8-4
339 11*2 15-9 12-0
426 6-89 8-63 8-8
383 13-5 16-8 11.0
514 11-0 11-6 4-8
488 5-51 6-01 -
313 10-1 10-8 4-0

1 206 11-6 10-7 4-0
- - - 5-2
- - - 8-0
399 8-61 11*7 4-0

1 047 6-68 5-77 6-0
- - - 13-2
619 9-23 11-3 2-0
236 11-1 12-5 10-0
320 12-3 13-9 -
809 9-68 12-5 9 2
549 8-90 12-8 -

9-0 2 032 2 293 0-052 0-064 0-53
6-4 1 247 1 570 0-050 0-063 0-50
4-0 693 693 0-040 0-033 0-38
4-8 831 920 0-089 0-113 0-96
6-0 785 1 120 0-061 0-084 0-76
7-0 790 1 020 0-100 0-115 1-38
1-6 831 1 110 0-082 0-086 0-91
- - - 0-059 0-058 0-78
2-8 1 155 1 020 0-090 0-088 1-13
4-0 1 462 1 200 0-075 0-067 0-71
3-2 - - - - -

8-0 1 570 1 852 - - -
1-6 1 108 1 108 0-059 0-087 0-70
6-4 1 062 1 108 0-057 0-059 0-51
9-2 1016 1 180 - - -
4-4 939 1 017 0-056 0-063 0-69
3-6 842 890 0-069 0-076 1-12
- 1 810 1 284 0-097 0-095 1-07
5-0 1 057 1 117 0-063 0-073 0-76
- 1 760 2 090 0-070 0-092 0-90

2 544-6 8-77 9-63 7-78 4-94 1 138 1 198 0-068 0-077 0-81 0-84
± 273 3-30 4 49 ± 3-3 ± 2-3 ± 350 ± 428 0-017 0-022 0-28 0-28
t t It NS t NS

from 808&2 ± 387 dynes s cm-5 to 544 ± 273 dynes s volume rose from 8'77 + 3 30 ml per kg to 9-63 +
cm-5 after 30 minutes infusion. The greatest 449 ml per kg after 30 minutes infusion. There was
decrease was observed in patients with initially high a slight and insignificant rise in pulmonary mean
pulmonary resistances (Fig. 2). Pulmonary blood transit time.

601 r PGE, 0 019g/kg per rrin n PGE, 002,ug/kgpermin1~~~~~~ 0 *** *,*.

0_. .- *~~~~~~* ** ***

0__ ~* * ** **

-0-_

Fig. 1 Pulmonary arterial
pressure after intravenous
administration of PGEI.

Basal 5min lOmin 15min 20min 25min 30min

Systolic -a-a
Mean
Diastolic ---- --

* p<0-05
* * p<0-01

* * * P<0.001

0-58
0-57
0-35
0-98
0-76
1-36
1-02
0-83
1*10
0-81

0-67
0-59

0-81
1-17
1-16
0-61
0-92

45-

E
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Fig. 2 The effect of PGE1 on total pulmonary
resistance. PGE1 was administered intravenously in a
dose of 0 01 .g/kg per minute for 15 minutes followed
by a dose of 0-02 pg/kg per minute for the next 15
minutes.

EFFECT OF PGE1 ON LEFT VENTRICULAR
FUNCTION
PGE1 in a dose of 0-01 ,ug/kg per minute lowered
LVEDP even after 5 minutes infusion, with a further
drop when the dose was increased to 0-02 ,ug/kg per
minute. During 30 minutes of infusion the cardiac
index rose significantly from 0-068 ± 0-017 1/mi
per kg to 0 077 ± 0-022 I/min per kg, and the heart
rate also rose significantly from 87 2 ± 13 beats/min
to 97-2 + 17 beats/min (P < 0-05). At the same
time the systolic, diastolic, and mean aortic pres-
sures fell significantly (P < 0.01) and the total
peripheral resistance fell by 25 per cent. Stroke
volume index and LV dP/dt were unchanged by
PGE1 infusion.

SIDE EFFECTS
All patients showed flushing of the skin of the face
and trunk within about 5 minutes of starting PGE1
infusion in a dose of 0-02 ,ug/kg per minute, and 2
complained of epigastric pain and nausea. One
patient developed a nodal rhythm with heart rate
40 beats/min between 15 and 20 minutes of starting
PGE1 infusion and 3 others developed sinus brady-
cardia with premature ventricular beats. These
changes regressed spontaneously within 5 to 10
minutes of stopping PGE1 administration. No
patient had diarrhoea or fever.

In patients with pulmonary hypertension accom-
panying mitral valve disease intravenous infusions
of PGE1 in doses of 0-01 to 0-02 ,ug/kg per minute
caused a significant drop in pulmonary arterial
pressure and total pulmonary resistance with a
simultaneous increase in pulmonary blood volume.
The fall in left ventricular end-diastolic pressure
and rise of cardiac output in the absence of changes
in stroke volume and left ventricular dP/dt does not
necessarily mean that PGE1 has a positive inotropic
action on cardiac muscle. The fall in end-diastolic
pressure may result from the fall in peripheral
vascular resistance and a resulting decrease in
venous return. The increased cardiac output can be
attributed to increased heart rate.
The measurements of pulmonary blood volume

and mean pulmonary artery pressure were made to
determine the direction of the changes in the haemo-
dynamics of the pulmonary circulation (Oakley et
al., 1962). In all those examined mean pulmonary
artery pressure fell and pulmonary blood volume
increased. This suggests an active dilatation of the
pulmonary vascular bed during PGE1 infusion
(Fig. 3).
There have been no previous studies of the

effects of PGE1 on the pulmonary circulation in

PBV

PAm
+

Fig. 3 Changes in pulmonary blood volume (A PVB)
and pulmonary artery mean pressure (APAm) after
intravenous administration of PGE1.
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patients with vasoconstrictive pulmonary hyper-
tension. Both Carlson et al. (1969) and Bergstrom
et al. (1959) showed only a slight fall or no change
in the pulmonary arterial pressure in subjects with
normal pulmonary pressure and varying cardiac
output. Joiner et al. (1975) observed dilatation of
veins and slight constriction of the arterioles in
isolated human pulmonary vessels under the in-
fluence of PGE1. In experimental studies the effect
of PGE1 depended on the dose, the mode of ad-
ministration, and the species of animal. Active vaso-
dilatation of the pulmonary vascular bed was found
in dogs, sheep (Kadowitz et al., 1975), pigs (Kado-
witz et al., 1974), and rabbits (Hauge et al., 1967).
The studies of Nakano and McCurdy (1967) on
dogs and of Koss et al. (1973) on cats showed no
changes in the pulmonary circulation, however,
while in calves Anderson et al. (1971) observed a

rise in pulmonary pressure under the influence of
PGE1. Our studies on patients with vasoconstrictive
hypertension showed active dilatation of the pul-
monary vascular bed under the influence of PGE1,
as in the majority of animal species in experimental
conditions.

Active dilatation of the pulmonary vascular bed
has also been demonstrated under the influence of
other substances stimulating adenyl cyclase, for
example isoprenaline (Schreiner et al., 1968). The
introduction of synthetic PGE1 derivatives exhibit-
ing a stronger biological action than PGE1 itself,
but without any harmful effects, may find an
application in the lowering of pulmonary pressure
in patients in whom pulmonary vasoconstriction is
an important factor in their pulmonary hyper-
tension.

References

Anderson, F. L., Tsagaris, T. J., and Kuida, H. (1971).
Effect of prostaglandins (PG) on bovine pulmonary circula-
tion (abstract). Federation Proceedings, 30, 380.

Bergofsky, E. H. (1974). Mechanisms underlying vasomotor
regulation of regional pulmonary blood flow in normal and
disease states. American3Journal of Medicine, 57, 378-394.

Bergstrom, S., Carlson, L. A., Ekelund, L. G., and Or6, L.
(1965). Cardiovascular and metabolic response to infusions
of prostaglandin El and to simultaneous infusions of nor-
adrenaline and prostaglandin E1 in man. Acta Physiologica
Scandinavica, 64, 332-339.

Bergstrom, S., Duner, H., von Euler, U. S., Pernow, B., and
Sjovall, J. (1959). Observations on the effects of infusion of

prostaglandin El in man. Acta Physiologica Scandinavica,
45, 145-151.

Carlson, L. A., Ekelund, L. G., and Or6, L. (1969). Circula-
tory and respiratory effects of different doses of prosta-
glandin E1 in man. Acta Physiologica Scandinavica, 75,
161-169.

Donato, L., Giuntini, C., Lewis, M. L., Durand, J., Rochester,
D. F., Harvey, R. M., and Cournand, A. (1962). Quantita-
tive radiocardiography. I. Theoretical considerations.
Circulation, 26, 174-182.

Hauge, A., Lunda, P. M. K., and Waaler, B. A. (1967).
Effects of prostaglandin E1 and adrenaline on the pulmonary
vascular resistance (PVR) in isolated rabbit lungs. Life
Sciences, 6, 673-680.

Hyman, A. L. (1969). The active responses of pulmonary
veins in intact dogs to prostaglandins F2 alpha and El.
J'ournal of Pharmacology and Experimental Therapeutics,
165, 267-273.

Joiner, P. D., Kadowitz, P. J., Hughes, J. P., and Hyman,
A. L. (1975). Actions of prostaglandins E1 and F, a on
isolated intrapulmonary vascular smooth muscle. Proceed-
ings of the Society for Experimental Biology and Medicine,
150, 414-421.

Kadowitz, Ph. J., Joiner, P. D., and Hyman, A. L. (1974).
Effects of prostaglandins E, and F2 a on the swine pulmon-
ary circulation. Proceedings of the Society for Experimental
Biology and Medicine, 145, 53-56.

Kadowitz, Ph. J., Joiner, P. D., Hyman, A. L., and George,
W. (1975). Influence of prostaglandins E1 and F2 a on
pulmonary vascular resistance, isolated lobar vessels and
cyclic nucleotide levels. J7ournal of Pharmacology and
Experimental Therapeutics, 192, 677-687.

Koss, M. C., Gray, J. W., Davison, M., and Nakano, J.
(1973). Cardiovascular actions of prostaglandins E1 and
F2 alpha in the cat. European Jrournal of Pharmacology, 24,
151-157.

Mason, D. T., Braunwald, E., Covell, J. W., Sonnenblick,
E. H., and Ross, J., Jr. (1971). Assessment of cardiac con-
tractility: the relation between the rate of pressure rise and
ventricular pressure during isovolumic systole. Circulation,
44, 47-58.

Nakano, J., and McCurdy, J. R. (1967). Effects of prosta-
glandin E1 (PGE1) and A1 (PGAI) on the systemic venous
return and pulmonary circulation (abstract). Clinical
Research, 15, 409.

Oakley, C., Glick, G., Luria, M. N., Schreiner, B. F., Jr.,
and Yu, P. N. (1962). Some regulatory mechanisms of the
human pulmonary vascular bed. Circulation, 26, 917-930.

Schreiner, B. F., Jr., Murphy, G. W., James, D. H., and Yu,
P. N. (1968). Effects of isoproterenol on the pulmonary
blood volume in patients with valvular heart disease and
primary myocardial disease. Circulation, 37, 220-231.

Sobel, B. E., and Robinson, A. K. (1969). Activation of
guinea pig myocardial adenyl cyclase by prostaglandins
(abstract). Circulation, 40, Suppl. III, 189.

Requests for reprints to Dr Jerzy Szczeklik,
Department of Cardiology, Institute of Internal
Medicine, Kopernika 17, 31-501 Krakow, Poland.

1401


