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A double blind, randomised, multicentre
comparison of two doses of intravenous iloprost in
the treatment of Raynaud's phenomenon
secondary to connective tissue diseases
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Abstract
Objective-To compare low (0.5 ng/kg/min)
and standard dose (2 ng/kg/min) iloprost (a
stable carbacyclin analogue of prostacyclin)
in patients with Raynaud's phenomenon
secondary to connective tissue disorders.
Design-Double blind, random allocation,
three six hour infusions on consecutive days.
Follow up period eight weeks.
Setting-Rheumatology units, five teaching
hospitals.
Patients-55 Patients with Raynaud's pheno-
menon (greater than seven attacks per week),
32 secondary to well documented classical
progressive systemic sclerosis (American
Rheumatism Association criteria), 11 CREST
syndrome, S mixed connective tissue disease,
1 rheumatoid arthritis, 1 Sj6gren's syndrome,
1 childhood dermatomyositis, and 4 abnormal
nailfold capillaroscopy and antibody profiles
but no definite diagnosis.
Interventions-All other treatment for
Raynaud's phenomenon was discontinued two
weeks before entry. 28 Patients were randomly
allocated to receive the low dose, 27 the
standard dose. Differing dilutions allowed
infusion rates to be started at 10 ml/h with
increments of 10 mI/h every 15 minutes until
infusion rates reached 0.5 ng/kg/min and
2 ng/kg/min respectively.
Main outcome measure(s)-Reduction in fre-
quency, duration, and severity of attacks of
Raynaud's phenomenon. Assessment of ulcer
and ischaemic lesion healing.
Results-Both dosage regimens were equally
effective in reducing severity, frequency, and
duration of Raynaud's attacks. Ulcer healing
occurred to similar degree in both treatment
groups (standard dose 44%, low dose 39%).
Low dose was associated with significantly
fewer side effects.
Conclusions-Both dosage regimens reduce
severity of Raynaud's phenomenon and
encourage ulcer healing. Low dose was asso-
ciated with fewer side effects and was better
tolerated by the patients.

Treatment ofRaynaud's phenomenon secondary
to connective tissue diseases remains a difficult
problem for the doctor.'-' Use of oral vaso-

dilator drugs is limited by unpleasant side
effects, such as headache, flushing, and ankle
swelling, the inconvenience of frequent tablet
ingestion, and in some cases by poor clinical
response. Prostacyclin (prostaglandin I2) is a

potent natural vasodilator, which has been

shown to improve symptoms of Raynaud's
phenomenon for up to six weeks after infusion.6
Its use, however, is limited by its chemical
instability, short half life when reconstituted (12
hours), and dose limiting side effects secondary
to vasodilatation.

Iloprost is a chemically stable carbacyclin
derivative of prostacyclin, which has been
shown in previous studies to have immediate
and long term benefits in the treatment of
Raynaud's phenomenon when compared with
placebo7 8 and to be as effective as nifedipine.9
The precise mechanism by which clinical
benefit is produced is unclear. Iloprost produces
vasodilatation,'0 inhibition of platelet aggre-
gation," and enhances inherent fibrinolytic
potential,'2 13 all of which may contribute to
clinical benefit.
The current regimen for both drugs in the

treatment of Raynaud's phenomenon is to
increase the dose to the maximum tolerated by
the patient.7 This, however, can result in
unpleasant side effects-for example, nausea,
headache, and flushing.

This study aimed at determining whether the
efficacy of iloprost is dependent on dose within
the range of doses being used clinically in
secondary Raynaud's phenomenon and to
establish whether longer term benefits are
conferred independent of acute vasomotor
effects.

Patients and methods
Fifty five patients were enrolled in the study
from five centres (Glasgow (24), Rotterdam
(12), West Middlesex, London (nine), Bath
(eight), St James's Hospital, London (two)). All
patients received their treatment between
January 1988 and April 1988. Patients with
Raynaud's phenomenon secondary to a con-
nective tissue disease or with abnormal antibody
profiles and nailfold capillaroscopy were eligible
for entry. All patients had received no drugs for
treatment of Raynaud's phenomenon for the
two weeks before entry into the study and were
experiencing at least seven Raynaud's attacks
per week. Patients with known abnormal
haemostasis, diabetes, vibration induced
Raynaud's phenomenon, or hyperviscosity
syndromes were excluded. Informed consent
was given in each case and female patients of
childbearing years advised about adequate
contraception.
Of the 55 patients enrolled, 32 had classical

progressive systemic sclerosis (American
Rheumatism Association criteria),'4 lS 11
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limited cutaneous scleroderma, five mixed
connective tissue disease, one rheumatoid
arthritis, one Sj6gren's syndrome, and one
childhood dermatomyositis. In the remaining
four patients no definite diagnosis had been
established, but all had abnormal nailfold
capillaroscopy and abnormal antibody profiles.
The study was double blind with patients

being randomly allocated in parallel groups to
the two treatment regimens. Twenty eight
received low dose (0-5 ng/kg/min) and 27
standlard dose (2 ng/kg/min) iloprost. Investi-
gators were unaware of the dose being used as
different concentrations of iloprost were infused
at the same rate. The mean age of the patients
and their disease duration were similar in both
groups (table 1).

During an initial two week assessment peiod
a diary was kept recording the duration and
severity of each Raynaud's attack. Thereafter,
patients were admitted to the ward and received
three six hour iloprost infusions on consecutive
days. Iloprost was aministered intravenously
by a peripheral line and regulated by an IVAC
pump. Both low and standard dose infusions
were started at 10 ml/h and increased every 15
minutes until a maximum of 40 ml/h was
reached. If adverse events occurred the infusion
rate was reduced by 10 ml/h at 30 minute
intervals until side effects settled. An observer
was present during the infusion to record the
occurrence of side effects.

Patients in the eight week follow up period
recorded the frequency, duration, and severity
(mild/moderate/severe) of Raynaud's attacks in
their diaries.

CLINCAL RESPONSE
Asssment of clinical response was by diary
analysis and digital ulcer count. Patients
attended hospital at four and eight weeks after
infuin, at which time an ulcer count was
performed, any adverse events recorded, and
the patients' subjective response sought.
Patients were asked whether their Raynaud's
phenomenon had definitely improved, probably
improved, not changed, probably worsened, or
definitely worsened.

LAORATORY DATA
Baseline white cell count, haemoglobin, platelet
count, renal function and liver function tests
were carried out on entry and repeated at week
8.

Tabl I Patien deails

I"pot
Low w* Stasdrd dose*
(n=28) (n=27)

Age (years)
Mean 47-6 48-8
Range (23-67) (25-77)

Disease duration (years)
Mean 11 14
Range (2-30) (1-70)

*Low dose=05 nglcg/min; standard dose=2 ng/kg/mm.

STATISTICAL ANALYSIS
Demographic and baseline data were compared
by Student's t test. Skin lesions and Raynaud's
attacks as recorded in the diaries were tested by
split-plot analysis of variance (repeated
measures)'6 for treatment, time, and treatment-
time interaction effects using the F test.
Duncan's multiple range test was also used to
determine where significant differences lay.
Categorical data, such as the patients' assess-
ment of improvement, were analysed by x2 test.

Results
BASELINE DATA
Before treatment the mean frequency of
Raynaud's attacks in the low dose group was
15-6 (SE 2-5) per week and in the standard dose
group 17-5 (2-4) per week. The total duration of
Raynaud's attacks in minutes per week was 609
(142) low dose and 569 (120) standard dose.
There were no significant differences between
the two groups at the start of the study.

Fifty one patients completed the eight week
follow up. Two patients withdrew owing to lack
of effect, one from each treatment group, and
two because of readmission to hospital for an

operation, both from the standard dose group,
one of whom underwent neck exploration for
squamous carcinoma and one of whom required
amputation of a necrotic digit. Of the remaining

patients, all submitted diaries for the first four
weeks and only three patients failed to submit
diaries for weeks 5-8: one from the low dose
group and two from the standard dose group.

FOLLOW UP
Analysis ofdiaries showed a significant reduction
in frequency, severity, and duration of Ray-
naud's attacks in both treatment groups with no

statistical differences between the two (table 2,
figure 1).

Reduction of the frequency of Raynaud's
attacks was greater in weeks 5-8 than 1-4
(p=0-016, F test). Reduction in severity of
attacks was also greater in the second half of the
follow up period (p=0-03, F test). The
improvement seen during weeks 5-8 was

unlikely to have been due to a rise in the
ambient temperature as between weeks 1 and 4
there was no overall change in ambient tempera-
ture from baseline and between weeks 5 and 8
there was a small rise of less than 2°C.
The results from the five centres taking part

in this study were compared for duration of
disease, total duration and frequency of attacks
before treatment, and number of patients with
skin lesions. No one centre had entered the
most severely affected patients by every para-

Table 2 Percentage reduction in Raynaud's attacks
after treatment with iloprost 0-5 ng/kg/min (low dose) or
2 nglkg/min (standard dose)

Raynaud's atacks Low dose Standard dose

Week 4 Week 8 Week 4 Week 8

Frequency 25 37 24 28
Duration (mi) 31 46 27 20
Severity 16 23 4 10
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Percentage reduction in
frequency ofRaynaud's
attacks with 95% confidence
intervals after treatment
with iloprost 05 nglkglmin
(low dose) or 2 nglkglmih
(standard dose).
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Table 3 Reduction in digital skin lesions after treatment
with iloprost 0-5 nglkglmin (lowv dose) or 2 nglkglmin
(standard dose)

Number of Total number %Reduction
patients with of skin
skin lesions lesions

Low dose
Before iloprost 6 16
Week 4 4 11
Week 8 5 9 44

Standard dose
Before iloprost 9 23
Week 4 5 13
Week 8 5 14 39

Table 4 Side effects occurring during infusions of iloprost
05 nglkglmin (low dose) or 2 nglkglmin (standard dose)

Side effects Low dose Standard dose
(n=28) (n=27)

Flushing 3 3
Headache 8 20
Nausea 1 13
Vomniting 0 8
Diarrhoea 0 7
Abdominal cramps 0 6
Painful eyes 0 1
Dizziness 0 2
Drowsiness 1 0
Tingling fingers 1 3

Total number (%)
of patients reporting
any side effect 9 (32) 21 (78)

meter and there is no reason to suggest that the
result of the study was biased by the unequal
recruitment of patients from the different
centres.

ULCER HEALING
Eighteen patients had active digital skin lesions
either on entry to the study or on follow up.
Two patients with ulcers were withdrawn from
the study owing to lack of effect (one from each
treatment group). Both patients received
additional treatment and are therefore excluded
from analysis of treatment effect on skin lesions.
There was a reduction in the total number of
skin lesions in both treatment groups (table 3).

Table S Doses received by each treamnt group after
dose titration

Actual dose infused Low dose Standard dose
(ng/kglmin) (n=28) (n=27)

Mean 0-54 1-95
Range 0-39-0 83 0-67-2-96

Table 6 Changes in laboratory indices after infusion
of iloprost 05 nglkglmin (low dose) or 2 nglkglmin
(standard dose)

Low dose Standard dose

Before Before
treatment Week 8 treatment Week 8

Haemoglobin (g/l)
Number 28 27 27 27
Mean 122-4 120-0 121-3 121-1
SE 4 5 4-6 4-9 4-7

Platelets (x 109/l)
Number 28 25 26 25
Mean 285-18 294-72* 287-19 318-00*
SE 14-49 16-22 18-71 19-02

White cell count
(x 109/l)
Number 28 25 27 25
Mean 6-75 7.43t 6-66 7-74t
SE 0-39 0 46 0 40 0 54

*p=0-02 (paired t test). Significant increase both groups.
tp=0-0018 (paired t test). Significant increase both groups.

Six new lesions occurred in the low dose group
compared with three in the standard group.

PATIENTS' SUBJECTIVE OPINIONS
At weeks 4 and 8 after infusion patients were
asked whether they thought they had benefited
from treatment. Thirty three patients (60%)
thought that they had probably or definitely
improved at week 4 and 29 (53%) at week 8.
More patients receiving the low dose (19/28
(68%)) thought they had derived benefit
compared with those receiving the standard
dose (11/27 (41%)), though this did not reach
significance (p=0 07, x2 test).

SIDE EFFECTS AND DOSE INFUSED
Side effects were reported in nine (32%) patients
receiving the low dose compared with 21 (78%)
patients in the standard dose group (p=00013,
x2 test). Table 4 shows the side effects reported.

Adverse events severe enough to require a
reduction in dose occurred in one patient (4%)
in the low dose group and in 16 (59%) patients
in the standard dose group (p<0001, x2 test).
The dose reductions did not seriously com-
promise the comparison of the two dose
regimens in this study, however. As shown in
table 5 the mean doses given to the patients
were close to those planned and although the
ranges overlapped, only one patient in the
standard dose group received less than 1 25
ng/kg/min.

Concurrent drugs for the relief of side effects
were given to four (14%) of the low dose group
and 16 (59%) of the standard dose group
(metoclopramide or paracetamol).

LABORATORY DATA
Blood samples taken before treatment and again
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at the end of the study showed no differences
between the two treatment groups at either time
point for any of the haematological or bio-
chemical indices (table 6). A comparison of the
change at week 8 from values before treatment
also failed to show any difference between the
two dosage regimens. Analysis of change at
week 8 from values before treatment, irres-
pective of dose given, showed a mean increase
in platelet count of 5-9 (SE 2-4)% (p=0-02,
paired t test) and a mean increase in white cell
count of 13-3 (4-9)% (p=0-0018, paired
t test).

Discussion
Many factors are thought to contribute to the
development of Raynaud's phenomenon in
patients with connective tissue diseases. Vaso-
spasm, increased sympathetic tone, local
sensitivity to cold, and immune complex
deposition are all thought to play a part.'7 At a
cellular level in secondary Raynaud's pheno-
menon several abnormalities have been shown.
Belch et al found evidence of disordered fibrino-
lysis with reduced plasminogen activator
activity as a consequence of endothelial cell
damage.'8 19 In addition, increased plasma
viscosity, reduced red cell deformability,
increased platelet aggregation, and raised
concentrations of ,B thromboglobulin were
found, all of which may play a part in reduced
microvascular blood flow and thrombosis.

Prostaglandin El20 and prostacyclin (epopro-
stenol'19 6 21 22 given by intravenous infusion
have been shown to produce improvement in
patients with secondary Raynaud's phenomenon
with a reduction in the severity and frequency
of attacks which was maintained for up to six
weeks after the infusion. Use of prostaglandim
E1 is limited, however, as it has to be given
through a central line because of thrombo-
phlebitis.

Prostacyclin and its chemically stable carba-
cyclin derivative iloprost24 have been extensively
studied. Both have been shown to inhibit
platelet aggregation," 25 enhance fibrino-
lysis,'2 13 increase red cell deformability,23 and
reduce white cell adhesion to endothelial
cells.24 26 The relative potency of iloprost
compares favourably with prostacyclin in vitro,
and, in particular, iloprost can be shown to be
both qualitatively and quantitatively more
effective as an inhibitor of platelet aggregation
than prostaglandin El and prostacyclin. Iloprost
inhibits platelet aggregation by increasing intra-
cellular levels of cAMP.25 It has been shown to
be particularly effective against thrombin
induced platelet activation, which may be
important in connective tissue disorders such as
scleroderma.

In our study we were interested to confirm
that the benefits of iloprost in secondary
Raynaud's phenomenon are only in part
dependent on an acute vasodilator effect. We
showed that by using a low dose, side effects are
reduced and the improved ulcer healing and
reduction in Raynaud's phenomenon are similar
in magnitude and duration to those produced by
the standard dose.

The increase in platelet count seen in this
study has previously been reported27 with
CLI15, 347 a transdermally absorbed prosta-
glandin E2 analogue, and may reflect decreased
platelet activation over the treatment period.
The increase in white cell count has not
previously been reported, as far as we know,
and may simply be a result of decreased white
cell adhesion or a shift from a marginated pool
to a circulating pool.

In conclusion, we showed that iloprost given
in low dose 05 ng/kg/min is an effective
treatment for Raynaud's phenomenon and its
use is associated with significantly fewer side
effects than the standard dose. Furthermore, we
showed that both standard and low dose iloprost
enhance ulcer healing. These findings therefore
suggest that vasodilatation alone has only a
small part to play in the mechanism by which
iloprost improves Raynaud's phenomenon and
certainly cannot explain the sustained improve-
ment seen. In support of this, Rademaker et al
demonstrated long term improvements in digital
microcirculation with iloprost,9 which in view
of its short half life could not have been due to
vasodilatation alone. Enhancement of fibrino-
lysis, inhibition of platelet aggregation, and
reduced white cell aggregation may each play a
part.
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