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SUMMARY Eighteen patients with severe Raynaud's syndrome had impaired deformability of
erythrocytes, as measured by filtration through 5 gm diameter pores, compared with 19 healthy
controls. The patients were given prostaglandin E, (PGE,) or placebo by intravenous infusion for
72 h to assess the haemorrheological action of PGE1. Contrary to a previous report, PGE1 did not
improve erythrocyte filterability. Infusion of POE, did, however, evoke an acute phase response
with hyperproteinaemia and a leucocytosis and is a potentially important mediator of this stress
response in patients with vascular disease.

Raynaud's syndrome is characterised by episodic
impairment of flow in the microcirculation of the
extremities. Although the primary abnormality may
lie in the peripheral vessels,' the blood of patients
with Raynaud' s syndrome shows several
haemorrheological abnormalities which may contri-
bute to impaired flow in the microcirculation. These
include plasma hyperfibrinogenaemia,23 an increase
in whole blood viscosity,4 and a reduction in eryth-
rocyte deformability.6 7

Prostaglandin E, (PGE,), a potent vasodilator,8
has been reported to improve erythrocyte deforma-
bility' and also to be of clinical benefit9 "' in
Raynaud's syndrome. We have therefore investi-
gated the rheological effect of a 72 h infusion of
PGE,, in comparison with placebo, in 18 patients
with Raynaud's syndrome.

Patients and methods

PATIENTS
Eighteen patients with severe chronic Raynaud' s

syndrome (Table 1), who had given informed con-
sent, were admitted to hospital for insertion of a
central venous catheter under local anaesthesia.
After 24 h they were randomised to receive placebo
or PGE, (at a dose of 10 ng/kg/min in ethanol in
normal saline) by intravenous infusion for 72 h.
Both the patients and the investigators were "blind"
as to treatment. The patients were then discharged
and assessed as outpatients after two and four
weeks. Blood samples were taken, using minimal
venous stasis, on admission, 24 h later (immediately
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before the infusion), immediately after the infusion,
and two and four weeks later.

METHODS
Erythrocyte deformability
Blood anticoagulated with 15 IU/ml dry lithium
heparin (Sterilin Ltd, Teddington, Middlesex) was
passed through Imugard IG 500 cotton wool
(Terumo Corporation, Tokyo, Japan) and washed
once with phosphate buffered saline (PBS), pH 7*4,
to remove leucocytes, platelets, and plasma pro-
teins." The resulting erythrocytes were resuspended
in PBS at a packed cell volume of about 0-07, and
erythrocyte deformability (filterability) was meas-
ured at ambient temperature using a
Hemorheometre SP02 (Bell System (Telephones)
Ltd, Barnet) and disposable polycarbonate mem-
branes of 5 am pore diameter (Nuclepore Corpora-
tion, Pleasanton, California). The filtration time for
erythrocytes was determined in relation to that of
buffer alone, then adjusted for packed cell volume

Table 1 Clinical details of the 18 patients with Raynaud's
syndrome

Prostaglandin Placebo infusion
E, infusion

No of patients (male) 9 (2) 9 (4)
Mean age (range) (yr) 51 2 (39-68) 42-4 (21-57)
Type of Raynaud's syndrome

Idiopathic 6 5
Secondary 3* 4t

*Secondary to systemic sclerosis (3).
tSecondary to systemic sclerosis (2), mixed connective tissue
disease (1), and calcinosis-Raynaud's syndrome-sclerodactyly-
telangiectasia syndrome (1).
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Table 2 Erythrocyte deformability, measured as index offidtration, in the prostaglandin E, (PGE,) treated and placebo
groups

Baseline Immediately Week 2 Week 4
post-infusion

PGE, group (n = 9)
Mean index of filtration (SEM) 13-49 (0-36) 14-13 (0-47) 13-56 (0-34) 13-07 (0-38)

Placebo group (n = 9)
Mean index of filtration (SEM) 13-13 (0.35) 13-73 (0.41) 14-04* (0-39) 13 68 (0 50)

*p < 0-05 compared with baseline measurement using paired Wilcoxon's ranking.

as measured by a Coulter S counter (Coulter Elec-
tronics, Luton), and expressed as an index of filtra-
tion according to Hanss.'2 An increase in index of
filtration indicated loss of erythrocyte filterability.

Leucocyte and platelet counts were measured
using K2EDTA anticoagulated blood and Coulter S
and Coulter Thrombofuge-Thrombocounter sys-
tems, respectively.

Plasma viscosity was measured at 25°C using
K2EDTA anticoagulated blood and a Coulter-
Harkness capillary viscometer.
Plasma fibrinogen was measured by the Laurell

rocket technique'3 and serum C reactive protein by
laser nephelometry'4; antisera were supplied by
Dako Immunoglobulins, Copenhagen, Denmark.

Statistical methods
Paired data were compared using Wilcoxon's rank
sum test, and unpaired data by the Mann-Whitney
U test. Yates' correction for small samples was used
for X2 testing of frequency (Table 1).

Results

There was no significant difference in age, sex, or

type of Raynaud's syndrome between the PGE,
treated and placebo groups (Table 1). The two
preinfusion test results (on admission and at 24 h)
were not significantly different either between the
two patient groups or within the groups, apart from
a significantly raised (p < 0.05) plasma fibrinogen
concentration in the placebo group at 24 h (mean
3.79 g/l, SEM 0 51) compared with the admission
value (mean 3*19 g/l, SEM 0-39). The mean of the
two preinfusion measurements for each group was

therefore used as the baseline for all statistical com-
parisons.

ERYTHROCYTE DEFORMABILITY
The mean baseline for index of filtration for all 18
patients (13.31, SEM 0.25) was significantly higher
(p < 0-05) than that of a control group of 19 healthy
individuals of age range 20-59 years (mean index of
filtration 12-27, SEM 0.20). After the infusion of
PGE, there was no significant change in erythrocyte
filterability (Table 2) during the four week study; a

significant increase (p < 0.05) in index of filtration
occurred, however, in the placebo group two weeks
after infusion.

ACUTE PHASE RESPONSE
An acute phase response was seen in the PGE,
treated patients, as shown by significant increases in
leucocyte count (immediately post-infusion), serum

C reactive protein concentration (post-infusion),
and plasma fibrinogen concentration (post-infusion,
week 2, and week 4) (Table 3). Plasma hyper-
proteinaemia was the likely cause of the plasma
hyperviscosity at weeks 2 and 4. The mean platelet
count decreased significantly immediately after the
PGE, infusion and rebounded to show a significant
increase at week 2. No significant acute phase
changes were seen in the placebo group (Table 4),
except for an increase in plasma viscosity immedi-
ately post-infusion, thus excluding catheter insertion
as the cause of the acute phase response in the
treatment group.

In the PGEI treated group, three patients had
Raynaud's syndrome secondary to systemic sclerosis
and all three showed acute phase responses immedi-

Table 3 Mean (SEM) values for acute phase reactants in nine patients treated with prostaglandin E,
Baseline Immediately Week 2 Week 4

post-infusion

Leucocyte count (x 10'/l) 6-7 (0-48) 7.8 (0.64)t 6-0 (0-61) 6-1 (0-74)
C reactive protein (mg/l) 2-3 (1.7) 44-0 (11.8)* 6-6 (1-8) 2 3 (1.2)
Fibrinogen (gil) 3 31 (0-22) 4-56 (0.31)t 4-52 (0.44)* 4.37 (0.23)*
Plasma viscosity (mPa s) 1-72 (0-03) 1-77 (0-04) 1-79 (0.03)* 1 80 (0.03)*
Platelets (x 104/1) 238 (21) 212 (16)* 301 (32)* 232 (21)

*p < 0-05 and t p < 0-01, compared with baseline measurement using paired Wilcoxon's ranking.
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Table 4 Mean (SEM) values for acute phase reactants in nine patients treated with placebo

Baseline Immediately Week 2 Week 4
post-infusion

Leucocyte count (x 10'/l) 73 (0.66) 6-9 (0-51) 67 (070) 66 (063)
C reactive protein (mg/1) 6-8 (2-4) 14-0 (7.0) 6-9 (2-1) 8-8 (4-9)
Fibrinogen (g/l) 3 50 (0 44) 3-69 (0-39) 3-61 (0-32) 4-15 (0-37)
Plasma viscosity (mPa s) 1-69 (0.03) 1-77 (0-04)* 1-71 (0-03) 1-72 (003)
Platelets(x 109/l) 252 (23) 210(10) 268(31) 257(23)

*p < 0 05 compared with baseline measurement using paired Wilcoxon's ranking.

ately after the infusion-mean leucocyte count 8 7
x 109/l (baseline 7.4), mean C reactive protein con-
centration 77-7 mg/l (baseline 5.1), and mean
fibrinogen concentration 4-93 g/l (baseline 2.79).
Although the subgroups were too small for statisti-
cal analysis, PGE, appears to have caused an acute
phase response in systemic sclerosis as well as in the
six patients with primary Raynaud's syndrome.

Discussion

Earlier reports of impaired erythrocyte deformabil-
ity in patients with Raynaud's syndrome were based
on filtration methods that are affected by plasma
proteins6 and leucocytes.6 ' Both plasma fibrinogen'5
and a small number of leucocytes" 16 can
significantly impair filtration through 5 Am diameter
pores and give a spurious impression of loss of
erythrocyte filterability (deformability). Since
patients in the acute or chronic phase of vascular
disease, including Raynaud's syndrome,3 may show
a stress response with hyperproteinaemia and a
leucocytosis," it is essential to remove these
extrinsic contaminants before the measurement of
erythrocyte filterability.'8 In the present study this
was achieved by prefiltration of whole blood
through Imugard IG 500 cotton wool followed by
washing in buffer to remove leucocytes, platelets,
and plasma protein." Using the resulting pure
erythrocyte suspension we found a small loss of fil-
terability, through 5 ,um diameter pores, of
Raynaud's syndrome erythrocytes.

In vitro studies of the effect of PGE, on erythro-
cyte filterability have given conflicting results, with
reports of improved filterability,'920 no effect,2'22
and decreased filterability.23 This variation may
reflect either differences in the concentration of
PGE, used, since improved erythrocyte filterability
has been reported at 10- -10-'° mol/l but not at
higher concentrations, or the effects of PGE, on
leucocytes and platelets, which may have contami-
nated the test erythrocyte suspensions to a variable
extent. Infusion of PGE, in patients with Raynaud's
syndrome and systemic sclerosis has been reported7
to increase erythrocyte filterability through 3,um

diameter pores; however, the method used to pre-
pare the erythrocyte suspensions does not reliably
remove sufficient leucocytes" and we have not been
able to show any PGE, effect when testing a pure
erythrocyte suspension filtered through 5 ,um
diameter pores. Our findings suggest that any ben-
eficial effect of PGE, in Raynaud s syndrome9 "' is
unlikely to be mediated via an effect on erythro-
cytes.
The acute and chronic phase stress responses of

patients with vascular disease may contribute to
their haemorrheological abnormality and prothrom-
botic tendency.'" 8 The nature of the presumed
mediators which feed back from thrombus forma-
tion on damaged endothelium to induce hepatic pro-
tein synthesis and stimulate bone marrow release of
leucocytes and platelets in these patients is, how-
ever, uncertain. One potential mechanism is the
stimulation, by fibrinogen fragments D and E, of
reticuloendothelial cells to release interleukin- 1,
which can cause hepatic synthesis of fibrinogen2425
and bone marrow release of leucocytes.26 Prosta-
glandins, however, may also be mediators of these
stress responses since we have shown that PGE,
administration to patients with Raynaud' s syndrome
can induce an acute phase response by the liver
(hyperfibrinogenaemia and raised C reactive protein
concentration) and also bone marrow (leucocytosis).
In addition, previous workers have reported that
PGE, infusion increases serum haptoglobin con-
centrations in animals27 and also C reactive protein
concentrations in patients with atherosclerosis.29
Thus PGE,, in contrast to PGE2, which may sup-
press interleukin-1 production,29 could evoke an
acute phase response either by stimulating
interleukin- 1 production or by acting synergistically
with it.

Patients with Raynaud's syndrome and systemic
sclerosis have considerably raised plasma PGE, con-
centrations of about 5 x 10-9 molIl3' and could
therefore be refractory to a PGE, infusion. Whicher
et a128 found no rise in C reactive protein concentra-
tion after a 72 h infusion in 11 patients with systemic
sclerosis. In contrast, all three of our patients with
Raynaud's syndrome and systemic sclerosis showed
acute phase responses to PGE, and a prolonged
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clinical response to PGE, infusion has also been
reported.3' Thus patients with extensive vascular
disease and persistently raised plasma PGE, con-
centrations do not seem to become refractory to
PGE,, which could therefore act as a mediator of the
chronic phase, as well as the acute phase, stress
response.

Prostaglandin E, (Prostin VMTR) and placebo were
the gift of Upjohn Ltd, Crawley, Sussex. Fibrinogen
estimations were kindly performed by Mr G
Vaughan, Department of Haematology, Queen
Elizabeth Hospital, and C reactive protein estima-
tions by Mr PCW Stone, Department of Haematol-
ogy, Medical School, University of Birmingham. We
are indebted to the Central Birmingham Health
Authority Trust Funds for financial support.
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