
(reflected by pulse rate) are important predictors of the
shift in blood pressure distribution observed when a
low blood pressure community becomes urbanised.
We would suggest that these same factors may play a
part in at least the early stages of development of
"essential hypertension."
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Oxpentifylline treatment of venous ulcers of the leg

Mary-Paula Colgan, John A Dormandy, Peter W Jones, Ivor G Schraibman, D Gregor Shanik,
Richard A L Young

Abstract
Objective-To determine the effect of oxpenti-

fylline on the healing of venous ulcers of the leg.
Design-Double blind, randomised, prospective,

placebo controlled, parallel group study.
Setting-Four outpatient clinics treating leg

ulcers in England and the Republic of Ireland.
Patients-80 Consecutive patients with clinical

evidence of venous ulceration of the leg in whom
appreciable arterial disease was excluded by the
ratio of ankle to brachial systolic pressure being
>0*8.
Interventions-All patients received either ox-

pentifylline 400 mg three times a day by mouth or a
matching placebo for six months (or until their
reference ulcer healed if this occurred sooner) in
addition to a locally standardised method of com-
pression bandaging.
Main outcome measures-The primary end point

was complete healing of the reference ulcer within
six months. The secondary end point was the change
in the area of the ulcer over the six month observa-
tion period.
Results-Complete healing of the reference ulcer

occurred in 23 of the 38 patients treated with
oxpentifylline and in 12 of the 42 patients treated
with a placebo. Life table analysis showed that the
proportion of ulcers healed at six months was 64% in
the group treated with oxpentifylline compared with
34% in the group treated with a placebo (log rank

test X2=4-78, p=003), which was significant (odds
ratio= 1-81, 95% confidence interval 1X20 to 2-71).

Conclusion-Oxpentifylline used in conjunction
with compression bandaging improves the healing of
venous ulcers of the leg.

Introduction
Venous ulcers of the leg are a common cause of

illness in the community. The condition has a preva-
lence of 1%, which is similar to that of diabetes, and it
recurs chronically.' Ulcers of the leg are expensive to
treat as they require regular dressing, often by district
nurses. The cost to the NHS has been estimated to be
£1200 for each unhealed ulcer a year.7 At present there
is no proved pharmacological treatment, but this is not
surprising as the pathophysiology of venous ulceration
of the leg is poorly understood.
Two hypotheses have been advanced to explain the

occurrence of venous ulcers of the leg in the context of
the postphlebitic syndrome."4 The first hypothesis
relates to the formation of a pericapillary cuff of fibrin,
which acts as a barrier to diffusion and leads to local
ischaemia of the tissues.' 6 The second hypothesis
concerns the phenomenon of white cell trapping,
which aggravates the trophic skin changes that are
typically seen in patients with venous hypertension."'
Oxpentifylline (Trentai, Hoechst) has been found to
have fibrinolytic effects9 and to influence the behaviour
of white cells. "' It therefore seemed reasonable to study
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this drug in patients with venous ulceration of the
leg.

Patients and methods
The trial design was a prospective, randomised,

double blind, placebo controlled, parallel group study
of 80 patients and was conducted in four centres in
England and the Republic of Ireland. Consecutive
eligible patients attending the leg ulcer clinic at each
centre were randomised to receive either oxpentifylline
(400 mg three times a day by mouth) or a matching
placebo. Randomisation was performed in balanced
blocks of eight with a separate list for each centre.
Treatment was continued for six months or until the
ulcer healed if this occurred sooner.

Patients with ulcers that had shown no signs of
healing after at least two months of routine outpatient
treatment were considered to be eligible for entry into
the study, provided that the ulceration was clinically
thought to be ofvenous origin, that the ratio of ankle to
brachial systolic pressure was >0 8, and that there
was no contraindication to the prescription of oxpenti-
fylline. "
The largest ulcer present was selected to be moni-

tored as the reference ulcer for the duration of the
study, provided that its diameter was between 2 cm
and 15 cm. At the initial visit the reference ulcer was
traced with an indelible pen on to a transparent acetate
sheet.' The number of additional leg ulcers was also
documented. Patients were seen every two weeks for
six months and the reference ulcers were traced at
alternate visits. An ulcer was considered to be healed
only when complete re-epithelialisation had occurred.

Details of the dressings used in the four centres were
recorded. Each centre used a two layer method of
bandaging that was capable of producing adequate
graduated compression." The bandaging method was
standardised at each centre within the limits of clinical
practice. All centres liaised closely with the local
community or district nursing services to ensure
continuity of the patients' dressings at home between
study visits.
A computerised system was developed to measure

the area of the ulcers from the tracing. (AUTOCAD
software adapted by Datech, Orpington, Kent). All
measurements were nmade by one trained observer,
and the average of two readings was used for analysis.

Descriptive statistics were used to characterise the
treatment groups at baseline.'4 The statistical methods
included the X) test and the log rank test, which was
used to compare the two treatment groups for overall
healing of ulcers. The odds ratio was calculated for the
rate of ulcer healing.
The trial was conducted in accordance with the

Declaration of Helsinki (Venice amendment), and the
protocol of the study was approved by the ethics
committee at each centre. The informed consent of
each patient was obtained in writing.

Results
Eighty patients were randomly allocated to receive

either oxpentifylline or a placebo. Table I shows the
characteristics of the patients in each treatment group
at baseline. There were no differences between treat-
ment groups or between centres, or between our
patients and those surveyed in a recent epidemiological
study of patients with leg ulcers." The patients were
quite healthy for their age and were of good nutritional
state, as indicated by body mass index and plasma
albumin concentration. One patient in the placebo
group was withdrawn from the study when a derma-
tologist diagnosed pemphigoid in an atypical ulcer.

Complete healing of the reference ulcer occurred in

23 of the 38 patients randomised to receive oxpenti-
fylline and in 12 of the 42 patients randomised to
receive a placebo. The results were analysed by the life
table method, which gives the proportion of reference
ulcers healed at each visit and takes account of the drop
out rate. The results are shown in figure 1. By the end
of the study 64% of reference ulcers had healed in the
patients treated with oxpentifylline, compared with
34% in those treated with a placebo (log rank test x2,=
4-78, p=0-03; odds ratio=1 81, 95% confidence
interval 1 20 to 2 71). This result was significant.

TABLE I -Characteristics of patients on entry to studv. V'alues are
means (SD) unless stated otherwise

Treatment group

Oxpentifylline Placebo
Characteristic (n= 38) (n=42)

Age (years) 71-0 (10) 70 2 (9-8)
Sex ratio (M:F) 9:29 14:28
Height (cm) 166 (11) 166 (11)
Weight (kg) 74-8 (16) 80-6 (21)
Bodv mass index (kg/rm) 26-8 (5-3) 29 5 (6 8)
No who smoked:never smoked 22:16 26:16
Onset of venous disease (years)

(median, IQR) 17 5 (6-5, 31) 18 0 (5, 26
Onset of present ulcer (months)

(median, IQR) 6 (3, 13) 9 (4, 13)
No with history of varicose veins or

phlebitis 30 30
Ankleindex 1-05(0-13) 1-06(0-14)
Albumin (g/l) (median, IQR) 40 3 (38, 43) 40 6 (38, 43)
Ulcer area (cm-) (median, IQR) 5-2 (3 1, 9 5) 4 7 (2-7, 11 4)
No without other ulcers 20 18
No with other ulcers 18 24

IQR= Interquartile range.

1.

a)

a)

a)

0o

0.
00

00,

o Placebo

* Oxpentifylline

Log rank test=4 78, p=003

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (weeks)

FIG 1 -Life table analysis ofproportion of ulcers healed at each visit

Many of the patients had additional ulcers at the
start of the study (table I). These additional ulcers were
monitored to see whether they had healed by the time
the reference ulcer had healed. In only two patients
(one in each treatment group) was an additional ulcer
still present after the reference ulcer had healed. In the
patient who received a placebo the persistent addi-
tional ulcer developed anew during the course of the
study.
The area of the reference ulcer was calculated from

the tracings made at alternate follow up visits. The
median area of the ulcer for each treatment group at
each follow up visit was studied so that information
could be gained about the progress of the reference
ulcer apart from its complete healing. These results are
presented in figure 2, which shows a consistent
improvement in the area of the ulcers in the patients
receiving oxpentifylline compared with a variable
outcome in those receiving a placebo. A reduction in
the area of the reference ulcer at the final visit relative
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to baseline was seen in 35 of the 38 patients receiving
oxypentifylline compared with 26 of the 42 patients
receiving a placebo (X2= 10-0, p=0O002).
The tolerability of the treatment was studied. Un-

wanted effects were comparable between the two
treatment groups, with 17 of the 38 patients (45%) who
received oxpentifylline and 14 of the 42 patients (33%)
who received a placebo complaining of side effects
(X2l = I 1, p= 0 30). There was an excess of drop outs in
the group treated with a placebo (9/42 (21%)) com-
pared with the group treated with oxpentifylline (3/38
(8%)), but this difference was not significant ( ,=2 -9,
p=009). Most of the drop outs occurred early in the
study, but in only one of these patients was there
evidence of a reduction in the area of the ulcer. This
particular patient was receiving oxpentifylline. The
three patients taking oxpentifylline who withdrew
from the study did so because of oedema and depres-
sion, vomiting, and dyspepsia and diarrhoea. Seven of
the patients taking placebo withdrew because of
purpura, skin rash, dizziness, diarrhoea (two patients),
cellulitis and pain, and headache and nausea; the two
others dropped out because of poor compliance and
because an ulcer was diagnosed as pemphigoid. The
unwanted effects described are listed in table II. The

rABLE II- Unwanted effects of oxpentifylline and placebo classified
b type. Values are numbers ofcomplaints

Type of complaint Oxpentifvlline Placebo

System affected:
Central nervous 7 5
Respiratory 3
Cardiovascular 2 1
Gastrointestinal 7 6
Genitourinary I

Skin 1 4
Infection 2 3
Pain 2 3
Unspecified I

Total 26 22

discrepancy between the incidence of adverse events
and the incidence of drop out for each treatment group
suggests that other factors, such as failure of the ulcer
to respond, rather than the treatment itself might have
been responsible for patients dropping out of the
study.

Possible confounding factors were studied to see
whether these had any effect on the healing of ulcers.
The dressing and bandaging methods used were com-
pared between the treatment groups but no differences
were found. The effects of centre, the size of the ulcer
at baseline, the length of history of venous disease, the
duration of the current episode of disease, and the type
of conservative treatment used were all studied for
possible interactions with healing. No such inter-
actions were detected.

Discussion
We have confirmed a report that oxpentifylline

might be effective in healing venous ulcers of the leg
when added to a regimen of compression bandaging. 6
The effect of different dressings on the healing of
ulcers has been the subject of extensive research, but
few of the studies have been properly controlled. A
review of the subject found little evidence to show that
particular dressings made any difference to healing
rates. ' High healing rates have recently been reported
with a four layer compression bandaging method on
its own,' but this study had an unusual design and
used historical controls. The value of adequate two
layer compression bandaging is well established.1'3
Although pharmacological treatment has been advo-

cated for the healing of venous ulcers, the few studies

* Oxpentifylline (n=38)
o Placebo (n=42)

10-

Q- 640-T

2 T

0 2 4 6 8 10 12 14 1'6 18 20 22 24

Time (weeks)
FIG 2- Ulcer area at each visi't. Values are medians with 950o
confidence intervals

that have been placebo controlled have had design
problems. Their shortcomings have included inade-
quate numbers of patients,'92' crossover design,0'
and end points other than complete healing of the
ulcer.' 19120 A well designed study of rutosides showed
no effect on the healing of ulcers.2 Two studies using
profibrinolytic agents have yielded conflicting results.
A study of defibrotide showed some effect on the
healing of ulcers but was of crossover design,2 whereas
a large controlled trial found that stanozolol was
ineffective in promoting the healing of venous ulcers
(A D R Northeast et al, venous forum meeting,
Manchester, 1989). Studies of the bacteriology of leg
ulcers suggest that the role of antibiotics and anti-
septics in promoting healing is limited to those with
frank infection.2
The haemorrheological properties of oxpentifylline

have been widely studied and described.2 Of parti-
cular interest in the context of our study are the
properties of the compound with regard to the patho-
physiology of venous ulcers. Oxpentifylline improves
the delivery of oxygen in ischaemic tissues,2' has
fibrinolytic effects26 that are possibly mediated by
leucocytes,2' and reduces the adhesion of polymorpho-
nuclear leucocytes.2' These properties might explain
the clinical benefit of oxpentifylline seen in our study.
We conclude that the healing rates of venous ulcers

of the leg will be increased appreciably by the addition
of oxpentifylline to a standard regimen of dressing and
compression bandaging.

The study nurses and technicians were Mrs J Moller
(London), Mrs T Kelly (London), Mr D Metoo (Rochdale),
and Mr S Stanley (Dublin). We acknowledge the advice and
help of Drs S Allen and M Sugrue and the administrative
support provided by Hoechst UK Limited.
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Relation between dose of bendrofluazide, antihypertensive effect,
and adverse biochemical effects

Jan E Carlsen, Lars K0ber, Christian Torp-Pedersen, Peter Johansen

Abstract
Objective-To determine the relevant dose

of bendrofluazide for treating mild to moderate
hypertension.
Design-Double blind parallel group trial of

patients who were given placebo for six weeks and
then randomly allocated to various doses of bendro-
fluazide (1-25, 2 5, 5, or 10 mg daily) or placebo for 12
weeks.
Setting- General practices in Zealand, Denmark.
Patients-257 Patients with newly diagnosed or

previously treated hypertension, aged 25-70, who
had a mean diastolic blood pressure of 100-120 mm
Hg after receiving placebo for six weeks.
Main outcome measures-Reduction in diastolic

blood pressure and changes in biochemical variables
(potassium, urate, glucose, fructosamine, total
cholesterol, apolipoprotein A I, apolipoprotein B,
and triglyceride concentrations).
Results-All doses of bendrofluazide significantly

reduced diastolic blood pressure to the same degree
(10-11 mm Hg). Clear relations between dose and
effect were shown for potassium, urate, glucose,
total cholesterol, and apolipoprotein B concentra-
tions. The 1-25 mg dose increased only urate con-
centrations, whereas the 10 mg dose affected all the
above biochemical variables.
Conclusion-The relevant range of doses of

bendrofluazide to treat mild to moderate hyperten-
sion is 1-25-2-5 mg a day. Higher doses caused more
pronounced adverse biochemical effects including
adverse lipid effects. Previous trials with bendro-
fluazide have used too high doses.

Introduction
The use of thiazides for treating arterial hypertension

has been criticised. The arguments have been that
thiazides do not reduce excess mortality, do not reduce
the incidence of myocardial infarction, increase known
risk factors, and produce more adverse effects than
previously realised. As no treatment has yet shown a
clear reduction in mortality or morbidity from acute
myocardial infarction interest has focused on the risk
factors and adverse effects. Evidence against thiazides
was substantiated by a Medical Research Council trial,
which compared treatment with a fixed dose of bendro-
fluazide (10 mg/day) or a titrated dose of propranolol
with placebo. There was no basis for choosing a dose
of 10 mg bendrofluazide.
We investigated the relevant dose range of bendro-

fluazide for treating mild to moderate arterial hyper-
tension as this could affect both the choice and
outcome of treatment.

Methods
Selection ofpatients-Patients aged 25-70 presenting

to general practices in Zealand, Denmark, with newly
diagnosed or previously treated arterial hypertension
(up to two drugs) who gave informed consent were
eligible for the study.

Patients were excluded if they were pregnant or
lactating; had had a myocardial infarction or stroke
within the past six months; had angina pectoris; were
being treated for heart failure, gout, or uncontrolled
diabetes mellitus or with drugs that reduced lipid
concentrations; were intolerant of bendrofluazide; had
reduced kidney function (creatinine concentration
>150 [tmol/l); did not take 80-120% of the prescribed
tablets while receiving a placebo at the start of the
study.

Study design-Patients whose blood pressure was
between 100 and 120 mm Hg after they had taken
placebo for six weeks were randomly allocated in
blocks of 10 on a double blind basis to receive placebo
or bendrofluazide at a dose of 1 25, 2-5, 5, or 10
mg a day. Randomisation was performed from a list of
computer generated numbers. The 10 mg dose was
chosen because this was used in the Medical Research
Council's trial and the 2 5 and 5 mg doses because they
are recommended by the joint national committee on
detection, evaluation, and treatment of high blood
pressure.' The dose of 1 25 mg was believed to
represent a point on the lower part of the dose-response
curve. The active tablets contained 573 mg potassium
chloride and either 1 25 mg or 2-5 mg bendrofluazide
(Centyl K, Leo Pharmaceutical Products). Placebo
and active tablets were identical in appearance and
taste. All patients received four tablets daily, two in the
morning and two at lunch. Those receiving fewer than
four active tablets daily were given the active tablets in
the morning. Patients were assessed on an outpatient
basis for four, 10, and 12 weeks after randomisation.
Biochemical variables were measured before ran-
domisation and at the end of the study; these variables
included total cholesterol, apolipoprotein A I,
apolipoprotein B, sodium, potassium, glucose, fructo-
samine, urate, and creatinine concentrations. The
study was approved by the local ethical committee.

Methods ofassessment-The patient's blood pressures
were measured twice, in the sitting position after five
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