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SUMMARY Twelve patients with systemic sclerosis (SS) and severe Raynaud's phenomenon received
infusions of prostaglandin El (PGEJ) at a dose of 6-10 ng/kg/min, with either saline or 5% dextrose,
for 72 hours in a single-blind cross-over study. The infusions were administered intravenously by
centrally positioned catheters. Infusions were well tolerated with only mild side effects. Following
the PGE, infusion cold tolerance improved and attacks of Raynaud's phenomenon were less
frequent, less severe, and shorter in duration. This subjective improvement was maintained for
several weeks in most patients, and 2 noted healing of ischaemic ulcers. There was no significant
change in objective measurements ofhand function after either infusion. However, pain measured on

a 10 cm visual analogue scale improved 2- 19 cm with PGE, and only 0 91 cm with normal saline
(P<005). Temperature of the fingers and hands recorded by thermography did not change signi-
ficantly with saline infusions, but did rise during PGE, infusions (mean rise 2 0°C at 48 hours,
p<O0001), and was maintained when measured again 2 weeks later (mean rise 1 560C, p<O 001).
PGE, may therefore be suitable treatment for Raynaud's phenomenon and the vascular insufficiency
of systemic sclerosis and other connective tissue diseases.

Prostaglandin El is a potent vasodilator and in-
hibitor of platelet aggregation' which has been used
with apparent benefit in patients with peripheral
vascular disease2 3 and ulceration of the lower limb.4
Systemic sclerosis (SS) has been regarded as an
abnormality of collagen.6 However, there is
evidence that the disease has an important vascular
component,7-9 the predominantly affected vessels
being small arteries, about 150-500 l±m diameter.8
Over 90% of patients with SS have vascular prob
lems, including severe Raynaud's phenomenon,7 810
but as yet no satisfactory treatment is available.

This report describes the results of a comparative
study of PGE, and placebo infusions in patients
with SS and severe vascular insufficiency leading to
ulceration, necrosis, and loss of digits.

Patients and methods

Twelve patients with SS (Table 1) were treated with
both PGE, and control infusions of either normal
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saline (7 patients) or 5% dextrose (5 patients), in a
single-blind, blind-observer, cross-over trial. Diag-
nosis was based on a history of severe Raynaud's
phenomenon and sclerodactyly, with or without
other systemic features of SS. Three patients had
already required digital amputations, and in 5
ischaemic ulceration of the fingers was present.
The patients were admitted to hospital for 5 days,

and informed consent was obtained for each
infusion which was given over 72 hours. The active
and placebo infusions in each patient were separated
by a period of 4 to 5 weeks. Infusions were given
through a central venous catheter. 1 ml of a cooled
(40C) solution of PGE1 (Upjohn Ltd) containing
500 microgrammes was added to 9 ml of sterile
bacteriostatic water with benzyl alcohol 0 9 w/v
for injection, and infused in normal saline or 5%
dextrose at an initial dose of 6 ng/kg/min, which
was increased after 12 hours to 10 ng/kg/min to
minimise any unwanted side effects.

MEAS UREMENTS
Measurements were made immediately before an
infusion, at 24 hours, 48 hours, on completion of an
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Table 1 Clinical details of 12 patients with systemic sclerosis who received 72-hour infusions in a single-blind
cross-over trial comparing prostaglandin E1 with normal saline or 5% dextrose
No Sex Age Duration of Mode of onset Clinicalfeatures Other vascular features

(years) Raynaud's of disease
phenomenon
(years)

I F 55 22 Raynaud's General scleroderma, C, R, S, T, dysphagia, Mutiple digital amputations
phenomenon gastro-intestinal and pulmonary involvement

2 F 54 3 Raynaud's Swollen hands and feet, R, Pulmonary
phenomenon involvement

3 F 63 11 Raynaud's General scleroderma, C, R, S, T, dysphagia, Finger ulceration
phenomeon pulmonary involvement

4 F 44 9 Raynaud's General and truncal sclhroderma, C, R, S, Finger ulceration, single digital
phenomenon pulmonary involvement amputation, ECG changes

5 F 69 15 Raynaud's General scleroderma, R, S, T, dysphagia,
phenomenon Sjogren's, pulmonary involvement

6 F 33 11 Raynaud's General scleroderma, C, R, S, T, dysphagia, Finger ulceration, gangrene,
phenomenon gastro-intestinal and pulmonary involvement multiple digital amputations

7 M 53 3 Raynaud's General and trunchal scleroderma, C, R, S, T, Severe renal hypertension
phenomenon dysphagia, gastro-intestinal and renal involvement

8 F 52 7 Raynaud's General scleroderma, R, S, T, dysphagia,
phenomenon pulmonary involvement

9 F 55 12 Stiffness General scleroderma, R, T
of hands

10 F 55 12 Raynaud's General scleroderma, R Finger ulceration
phenomenon

I I F 48 30 Raynaud's Scleroderma hands, R, S, T, dysphagia, Finger ulceration, mild renal
phenomenon renal and cardiac involvement hypertension, ECG changes

12 F 34 18 Raynaud's General scleroderma, R, S, T, pulmonary Mild renal hypertension
phenomenon and renal involvement

C =Calcinosis. R=Raynaud's phenomenon. S =Sclerodactyly. T = Telangiectasia.

infusion, and again 14 days later. Subjective assess-
ments on a 3-point scale (better, same, worse) were
made of the patient's opinion, and preference for
either first or second infusion was recorded together
with change in hand symptoms, in particular warmth,
stiffness, and cold tolerance. In 7 patients pain was
assessed on a 10 cm visual analogue scale (VAS).
Objective measurements of hand function included
grip strength and finger goniometry. Serial lung
function tests and diffusion capacity were obtained
before and 2 weeks after each infusion.

Quantified infrared thermography was recorded
daily during an infusion and again 2 weeks later.
Patients were allowed to equilibrate for 15 minutes in
a controlled environment. Thermograms were taken
from the hands and fingers. A standard cold water
challenge was also performed immediately before
and after an infusion; an initial thermogram was
obtained prior to both hands being immersed in
water at 200C for 1 minute, and recordings were
taken at 4 and 10 minutes thereafter.
The thermographic results recorded from both

hands during prostaglandin E1 and placebo infusions
were analysed by a paired Student's t test and patient
preference was assessed by the x2 test.

Results

The PGE1 infusions were well tolerated. Initially
inflammation at the position of the catheter tip was

a problem, with peripherally placed intravenous lines,
and 1 patient developed symptomatic postural hypo-
tension. There were no other significant side effects.

After PGE1 therapy, but not saline, 10 patients
reported a marked improvement in hand symptoms,
and in 9 of these cold tolerance was especially
improved. Attacks of Raynaud's phenomenon
were less frequent, less severe, and shorter in
duration. Two patients who had painful ischaemic
finger ulceration noted healing after PGE1 infusions,
and most recorded improved hand function and a
general sense of warmth and well being (Table 2).
Ten of the 12 patients preferred PGE1 therapy to

saline; 2 reported no preference for either infusion
(X2 = 14-0, p<0-001).

Pain (VAS) improved 2 19 cm with PGE1 and
only 0-91 cm with normal saline (p<0'05). There
was no significant change in grip strength, finger
goniometry, or lung function with either treatment.

Table 2 Subjective results (12 patients) at 14 days
after infusion

PGE1 NaCI

Better Same Worse Better Same Worse

1. Observer 9 3 0 1 11 0
2. Patient 10 2 0 3 9 0
3. Hand symptoms
(a) Warmth 10 2 0 0 12 0
(b) Stiffness 7 5 0 2 10 0
(c) Cold

tolerance 9 3 0 3 9 0
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Table 3 Effect of intravenous PGEJ, 10 ng/kg/min, on the
thermographic index (TI) ofthe hand (dorsum) andfingers
(PIP) in 4 patients within 10 min of starting on infusion

Patient Dorsum PIP

0 min 10 min 0 min 10 min
1 2.80 3.60 1.30 3.50
2 2.20 3-40 0-75 2.15
3 1.25 2-95 0.35 1.75
4 0.95 2.60 0-15 0.85

INFUSION

3 r31

TEMP.
(-C)

-30

An immediate rise in peripheral temperature was
demonstrated thermographically in 4 patients
within minutes of starting PGE, infusions (Table 3).
Thermography of the hands (Fig. 1) did not

change significantly with saline infusions, but hand
temperature did rise during PGE, infusions (mean
rise 2OOC at 48 hours, p<0-001). Although no
further phermacological treatment was used, thermo-
graphy recorded a maintained rise in hand tempera-
ture two weeks after a PGE1 infusion (mean rise
1.560C, p<0 001).
Cold challenge measured immediately on com-

pletion of an infusion and again 14 days later was
unaltered despite an initially increased hand
temperature following PGEj, but thermographic
recordings were not continued beyond the standard
10 minutes of the test (Fig. 2).

PGE1 Discussion

-29

28 ' ' ' a

0 1 2 3

DAYS

Fig. 1 Mean thermographic index (TI)
patients (daily during infusion and 14 day

3.5,
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Fig. 2 Standard cold challenge test: ch

graphic index (TI) of the hand (dorsum)
(proximal interphalangeal (PIP) joints) i
immersion in cold water (20°C) for I mit

A number of vasodilators have been used in patients
*' ?-'@- NaCI with systemic sclerosis and vascular insufficiency.

Short-lasting benefit has been reported with intra-
venous low molecular weight dextran" and with
single intra-arterial injections of reserpine 05 mg.'213

H-' Oral vasodilators'4S6 and fibrinolytic agents"7 have
14 also been used but, in general, prolonged benefits

have not been reported. PGE1 is a potent vasodilator
and inhibitor of platelet aggregation,l and some

offingers in 12 short-term improvement of peripheral blood flow in
vs after). systemic sclerosis might therefore be expected.

Intra-arterial and intravenous PGE, has been used
to treat a variety of vascular disorders. Carlson

PGE1 et al.3 infused 2-4 ng/kg/min intra-arterially for 10
Placebo min every hour for 3 days and alleviated rest pain for

several weeks in patients with arteriosclerosis
obliterans. However, Nielson et al.'8 were sceptical
about its benefit in severe vascular insufficiency.
Sakaguchi et al.4 found intra-arterial PGE, helpful
in the treatment of ischaemic leg ulcers. In a pilot
study one of us (J.D.T.K.) found that intra-arterial
PGE, produced a sustained improvement in the
symptoms of pain, cold tolerance, and hand mobility
in 1 patient with systemic sclerosis and that intra-
venous PGE, resulted in a similar beneficial effect in
a second patient with severe Raynaud's phenomenon.
A formal controlled study of PGE, in systemic

--- -.? sclerosis was therefore undertaken.
The problem with previous studies ofnew therapies

in Raynaud's phenomenon has been the lack of
methods to measure change in blood flow to the
extremities. Various methods have been used,1920

ange in thermo- and quantified infrared thermography is now an
andfingers accepted technique for measuring changes in

'ollowing peripheral blood flow,21 22 and we employed it in

nute. this study.

T.l
(SEM ±)
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The results clearly showed am immediate and
sustained improvement in peripheral temperature
during the PGE1 infusion period. It is presumed that
this was due to improved peripheral blood flow.
This was accompanied by a far greater symptomatic
improvement than that obtained by the placebo
infusions. Huge intravenous doses were used, because
a large percentage ofcirculatory PGE1 is destroyed by
a single passage through the lungs.23 However, the
immediate rise in hand temperature that was
recorded indicated that a therapeutic dose was
reaching the systemic circulation.

This trial also demonstrated a sustained beneficial
effect from an infusion of PGE1. Patients reported a
maintained general symptomatic improvement,
attacks of Raynaud's phenomenon were less severe,
and these benefits lasted for a period of several
weeks following an infusion. It is hard to explain
the changes in terms of a pure vasodilator effect,
as PGE1 has a very short half life.23 The standard
cold challenge test demonstrated no change in the
severity of vasospasm during an induced Raynaud's
attack, and the benefits ofPGE1 were not immediately
obvious during the 10 minutes of the test, but if
measurements had been continued for longer a
difference in the pattern of rewarming may have
become apparent. Possible mechanisms include the
promotion of tissue revascularisation24 or a lasting
effect on the vessel walls, perhaps mediated by
changes in cyclic nucleotide levels25 within vascular
endothelial cells. PGE1 is known to influence lypho-
cyte function, 2627 and in this way immunological
phenomena associated with established systemic
sclerosis28-30 may be altered. Changes in platelet
aggregation' may also be a factor in the production
of an improved peripheral blood flow. Further
work on the mode of action of PGE1 resulting in
sustained benefit found in this and other trials is
required.

In this study high-dose intravenous PGE1 was well
tolerated and resulted in marked symptomatic
benefit. Quantified thermography showed unequi-
vocal evidence of a significant rise in peripheral
temperature during the infusion, and this effect was
sustained for several weeks. PGE1 may therefore
be suitable treatment for Raynaud's phenomenon
and vascular insufficiency of systemic sclerosis and
other connective tissue diseases. Further investi-
gations are under way.

We are glad to acknowledge the support of the Arthritis
and Rheumatism Council for this work, and would like to
thank Dr B Copley, Upjohn Ltd., Crawley, Sussex, UK, for
supplying the prostaglandin E1, and both Sally Bowcock and
Sharon Martin who obtained and recorded the thermo-
graphic data.

References

1 Whittle B J R, Moncada S, Vane J R. Comparison of
the effects of prostacyclin (PGE2), prostaglandin E1 and
D2 on platelet aggregation in different species. Prosta-
glandins 1978; 16: 373-88.

2 Carlson L A, Eriksson I. Femoral artery infusion of
prostaglandin E1 in severe peripheral vascular disease.
Lancet 1973; i: 155-6.

3 Carlson L A, Olsson A. Intravenous prostaglandin El
in severe peripheral vascular disease. Lancet 1976; ii:
810.

4 Sakaguchi S, Kusaba A, Mishima Y, et al. A multi-
clinical double blind study with prostaglandin E1 (alpha-
cyclodextrin clathrate) in patients with ischaemic ulcer
of the extremities. Vasa 1978; 7: 263-6.

5 Fleischmajer R, Damiano V, Nedwich A. Alteration of
subcutaneous tissue in systemic scleroderma. Arch
Dermatol 1972; 105: 59-66.

6 Klemperer P, Pollack A D, Baehr G. Raynaud's pheno-
menon JAMA 1942; 119: 331-2.

7 Norton W L, Nardo J M. Vascular disease in progressive
systemic sclerosis (scleroderma). Ann Intern Med 1970;
73: 317-24.

8 Campbell P M, Leroy E C. Pathogenesis of systemic
sclerosis: a vascular hypothesis. Semin Arthritis Rheum
1975; 4: 351-68.

9 Fauci A S, Haynes B F, Katz P. The spectrum of vascu-
litis. Ann Intern Med 1978; 89: 660-76.

10 De Takats G, Fowler E F. Raynaud's phenomenon.
JAMA 1962; 179: 1-8.
Wong W H, Freedman R I, Rabems S F, Schwartz S,
Levani N E. Low molecular weight dextran therapy for
scleroderma. Arch Dermatol 1974; 110: 419-22.

12 Elbaor J E, Farrington E, Downey J A, Leroy E C. The
effect of reserpine on cold-induced vascoconstriction in
Raynaud's syndrome and scleroderma. Arthritis Rheum
1971; 14: 381-2.

13 Tindall J P, Whalen R E, Burton E. Medical uses of
intra-arterial injections of reserpine. Arch Dermatol
1974; 110: 233-7.

14 Leroy E C, Downey J A, Cannon P J. Skin capillary
blood flow in scleroderma. J Clin Invest 1971; 50:
930-39.

15 Varadi D P, Lawrence A M. Suppression of Raynaud's
phenomenon by methyl-dopa. Arch Intern Med 1969;
124: 13-18.

16 Coffman J D. Vasodilator drugs in peripheral vascular
disease. N Engl J Med 1979; 300: 713-17.

17 Jarrett P E M, Morland M, Browse N L. Treatment
of Raynaud's phenomenon by fibrinolytic enhancement.
Br MedJ 1978; ii: 523-5.

18 Nielson P E, Nielson S L, Holstein P, et al. Intra-
arterial infusion of prostaglandin E1 in normal subjects
and patients with peripheral arterial disease. Scand J
Clin Lab Invest 1976; 36: 633-40.

19 Greenfield A D, Whitney R J, Mowbray J F. Methods for
the investigation of peripheral blood flow. Br Med Bull
1963; 19: 101-9.

20 Lassen N A, Lindbjerg J, Munch 0. Measurement of
blood flow through skeletal muscle by intramuscular
injection of xenon-133. Lancet 1964; i: 686-9.

21 Windsor T, Windsor D. In: Uematsu S, ed. Medical
Thermography, Theory and Clinical Applications. Los
Angeles: Brentwood, 1976: 121.

22 Collins A J, Ring E F J, Cosh J A, Bacon P A. Quanti-
tation of thermography in arthritis using multi-isothermal
analysis: I. the thermographic index. Ann Rheum Dis
1974; 33:113-5.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.40.4.350 on 1 A
ugust 1981. D

ow
nloaded from

 

http://ard.bmj.com/


354 Martin, Dowd, Ring, Cooke, Dieppe, Kirby

23 Golub M, Zia P, Matsuno M, Horton R. Metabolism
of prostaglandin Al and E1 in man. J Clin Invest 1975;
56: 1404-10.

24 Szczeklik A, Nizankowski R, Skawinski S, Szczeklik J,
Gluszko P. Gryglewski R J. Successful therapyofadvanced
arteriosclerosis obliterans with prostacyclin. Lancet 1979;
i: 1111-14.

25 Dunn C J, Willoughby D A, Giroud J P, Yamamoto S.
An appraisal of thr interrelationships between prosta-
glandins and cyclic nucleotides in inflammation. Bio-
medicine 1976; 24: 214-20.

26 Bach M A. Differences in cyclic AMP changes after
stimulation by prostaglandins and isoprotenolol in lym-
phocyte subpopulations. J Clin Invest 1975; 55: 1074-81.

27 Stobo J D, Kennedy M S, Goldyne M E. Prostaglandin E
modulation of the mitogenic response of human T cells.
J Clin Invest 1979; 64: 1188-95.

28 Kondo H, Rabin B S, Rodnan G P. Cutaneous-antigen-
stimulating lymphokine production by lymphocytes of
patients with progressive systemic sclerosis (scleroderma).
J Clin Invest 1976; 58: 1388-94.

29 Cormane R H, Hamerlinck F, Nunzi E. Antibodies eluted
from lymphoid cell membrane. Arch Dermatol 1979;
115: 709-12.

30 Salem N B, Morse J H. Lymphocyte response to mitogens
in progressive systemic sclerosis. Arthritis Rheum 1976;
19: 875-82.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.40.4.350 on 1 A
ugust 1981. D

ow
nloaded from

 

http://ard.bmj.com/

