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Between September 1985 and April 1987, 110 consecutive patients who had successful
angioplasty were included in a randomised prospective controlled evaluation of the
effects of warfarin on restenosis. The warfarin (n = 56) and the control (n = 54) groups were not
different in terms of age, sex, previous coronary bypass surgery or coronary balloon angioplasty,
severity of symptoms, and frequency of multivessel disease or of total coronary occlusions.
Warfarin was started on the day of the procedure and the dosage was adjusted to maintain the
thromboplastin international normalised ratio > 2-5. One hundred and five (96%) of the patients
were given verapamil and other antianginal drugs were prescribed as needed. Low molecular
weight dextran and heparin were given during the procedure and heparin was continued for 24
hours in all patients. One hundred and eight (98%) of patients were followed up clinically after a
median of five months (range 1-20). Eighty five (77%) had follow up angiography at five months.
In the warfarin group symptoms improved in 46 (85%) patients by at least 1 angina class and 31
(57%) were symptom free; the exercise test remained positive in 20 (36%) patients and the
angiographic restenosis rate was 25% per lesion and 29% per patient. There were no major
bleeding complications. In the control group 46 (85%) patients were improved by at least 1 angina
class and 31 (57 %) were symptom free; the exercise test was positive in 11 (21 %) patients and the
angiographic restenosis rate was 33% per lesion and 37% per patient. Although the incidence of
angiographic restenosis tended to be lower with warfarin, none of these differences was significant.
These data suggest that the combination of verapamil and warfarin, in the absence of aspirin, is
not significantly better than verapamil alone in preventing symptom recurrence or angiographic
restenosis after coronary angioplasty.
SUMMARY
coronary

Restenosis, usually occurring during the first three to
six months after coronary balloon angioplasty,
remains one of the main limitations of the technique.' 2 Although several risk factors associated with
an increased rate of recurrence have been identified,"4 our understanding of the underlying pathophysiological mechanisms remains incomplete, and
no drug regimen has yet been shown consistently to
affect the occurrence of restenosis.'
As it is currently understood, restenosis is a
response to balloon induced arterial injury and is
determined by multiple elements. Mechanical factors (elastic recoil of the dilated arterial segment,
medial dissection, and intimal flap formation),
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haemostatic factors (thrombus formation and platelet
deposition), and fibromuscular proliferation all occur
and interact to induce restenosis."'0
There is good experimental and clinical evidence
that early local thrombus formation is a key element
in restenosis." 12 Because of these data, and despite a
previously reported negative result,'3 we undertook a
prospective randomised controlled study of the
effects of warfarin on the clinical outcome and
angiographic restenosis rate after angioplasty.
Patients and methods
PATIENTS AND MEDICATION

Between September 1985 and April 1987, 155 consecutive patients underwent coronary artery balloon
angioplasty at our hospital. The initial success rate
was 76% for 140 stenoses and 47% for 15
occlusions- 113 patients had a successful and
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Table 1 Clinical and angiographic data for warfarin and
control groups
Data

Warfarin
(n = 56)

Control
(n = S4)

Number
Mean age (SD)
Sex (% male)
CCS class 3 or 4
Unstable angina
Previous AMI
Previous CABG
Previous PTCA
Positive stress test
Multivessel disease

56
56 (9)
88
37 (66)
6(11)
22 (39)
7 (13)
13 (23)
39/44 (89)
26 (46)

54
57 (10)
83
42 (77)
13 (24)
18 (33)

11(20)
9 (17)
32/39 (82)
27 (50)

Except where indicated numbers in parentheses are percentages.
CCS, Canadian Cardiovascular Society; unstable angina, rest pain
together with transient electrocardiographic changes; AMI, acute
myocardial infarction; CABG, coronary artery bypass grafting;
PTCA, percutaneous transluminal coronary angioplasty.
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uncomplicated procedure (target lesion(s) with <
50% residual stenosis). One hundred and ten of these
patients were randomly assigned to receive either
warfarin and verapamil or verapamil alone after the
procedure. Table 1 gives the baseline clinical data of
both groups. Only lesions causing > 70% stenosis
were considered for angioplasty. All types of angioplasty were included-that is stenosis or occlusion,
single or multivessel procedures, native vessels or
vein grafts, primary stenosis or restenotic lesions
(table 2). Twelve patients were included twice and
two patients were included three times. During the
study period, three patients were excluded before
randomisation (one with a recent cerebrovascular
accident that contraindicated the use of
anticoagulants, one taking long term warfarin
because of atrial fibrillation, and one who was
successfully treated with streptokinase for recurrent
chest pain with ST segment elevation a few hours
after angioplasty).
All patients were given heparin 10 000 IU
intravenously before angioplasty together with an
infusion of low molecular weight dextran. Heparin
was continued for 24 hours after the procedure, until
the arterial sheath was taken out. Verapamil was
started on the day of the procedure. In the
anticoagulated group warfarin was begun on the
evening of the angioplasty day. Dosage was adjusted
to obtain a thromboplastin international normalised
ratio of > 2 5.'" Verapamil and warfarin were continued either for six months or until a follow up
angiogram was obtained. No antiplatelet agents were
prescribed at discharge, but one patient in the
warfarin group and six patients in the control group
were given aspirin at some time during the follow up
period. Aditional antianginal treatnent such as
nitrates or blockers were given as required. There
was no difference in the postoperative management
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Table 2 Angioplasty data for warfarin and control groups

Lesion/patient (successfully treated)
Multilesion procedure
Multivessel procedure
Total occlusion*
Restenosis*
Target:
LMS
LAD
LCX
RCA
VG

Warfarin
(n= 56)

Control
(n= 54)

1-2
10 (18)
3 (5)
4 (7)
6 (11)

1-3
10 (19)
4 (7)
2 (4)
9 (17)

0
33 (57)
7 (12)
13 (22)
5 (9)

32 (57)
6 (11)
14 (25)
3(5)

1(2)

*Present in at least one of the target lesions for a given procedure.
Numbers in parentheses are percentages.
LMS, left main stem coronary artery; LAD, left anterior descending
coronary artery; LCX, left circumflex coronary artery; RCA, right
coronary artery; VG, vein graft.

ofpatients undergoing angioplasty of single or multiple lesions.
FOLLOW UP

Most patients were followed up as outpatients at the
National Heart Hospital. For those who were unable
to retum, information was obtained from the referring physician whenever possible. Anticoagulation
was monitored in anticoagulant clinics with regular
checks of the international normalised ratio. Clinical
follow up data, stress testing, and follow up
angiograms were generally obtained three to nine
months after angioplasty, or earlier if symptoms
recurred or became worse.
END POINTS OF STUDY

Clinical state, the response of the ST segment to
exercise, and the angiographic appearance of the
angioplasty site were analysed at follow up. Before
angioplasty and at follow up we used the Canadian
Cardiovascular Society (CCS) grading system for
subjective assessment of anginal symptoms. Unstable angina was defined as rest pain together with
reversible electrocardiographic changes. The exercise test was symptom limited and done according to
the modified treadmill Bruce protocol with monitoring of 12 electrocardiogram leads. ST segment
depression of > 1 mm developing in at least one lead
during or after exercise was regarded as a positive
test. Angiographic restenosis was considered to be
present when there was > 50% reduction in luminal
diameter estimated from at least two projections at
the site of the previous angioplasty.
We compared the results in the warfarin and the
control groups by Student's t test for continuous
variables and by the x2 test for discrete variables.
Differences of p < 0 05 were considered to be
statistically significant.
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We calculated that for a power of 0-75 and a
significance level of 0-05, we would need 54 patients
in each group to show a 50% reduction in the
restenosis rate.

grafting. Corresponding figures in the control group
were nine (17%) and one (2%) respectively. There
were no deaths in either group during the follow up
period.

Results

Discussion

The two groups (warfarin and control) were similar
for all the clinical and procedural variables tested
(tables 1 and 2).

Despite our initial hypothesis that warfarin would
favourably affect clinical and angiographic outcome
after coronary balloon angioplasty, we found that our
results confirmed a previous finding"3 and did not
show that oral anticoagulation had a significant effect
on medium term results. This is the first comparison
of the effects of anticoagulation with a control group
that essentially had no antiplatelet treatment.
Angiography showed that there was a trend towards a
reduction in the restenosis rate for the patients in the
warfarin group, and it could be argued that a larger
study population might have shown a significant
difference or have retrospectively identifed a subset
in whom warfarin reduced the incidence of restenosis. However, in the absence of any difference in the
subjective evaluation of anginal symptoms or electrocardiographic changes during stress testing, such
an angiographic trend is difficult to interpret. The
angiograms were analysed according to current clinical practice and the percentage reduction in the
diameter at the angioplasty site was estimated
visually. The angiographic views were standarised as
far as possible and the films interpreted without
knowledge of the individual's clinical condition. The
cut off value of 50% taken to represent significant
restenosis is widely accepted'0 but arbitrary. Our
study was limited by the lack of quantitative computer assisted analysis of the angioplasty site."
Compliance with the anticoagulation regimen after
angioplasty has been reported to be less than ideal.'3
Because the patients in this series were regularly
followed in anticoagulant clinics, compliance with
treatment was good.
The timing of anticoagulation treatment in relation to angioplasty is probably an important factor,
and in the present series there was a gap of 24-48
hours between the end of heparin administration
after angioplasty and the establishment of effective
oral anticoagulation. In view of the currently available data" 12 such an interruption is probably
undesirable, since the thrombosis and platelet
deposition that contribute to restenosis may well
occur at a very early stage. At the time when the study
was designed it was thought that withdrawing the
arterial sheath under full anticoagulation would
cause problems, but experience with patients undergoing intracoronary stenting" has shown that it is
feasible with few complications.
The best drug regimen for preventing restenosis

CLINICAL OUTCOME

At follow up we had subjective information on
anginal symptoms for 108 (98%) of 110 patients
(96% of the warfarin group and 100% of the control
group). In the warfarin group (median follow up six
months, range 1-18 months), 46 (85%) of 54 patients
had improved by > 1 Canadian Cardiovascular
Society angina class, and 31 (57%) were symptom
free. Two patients (40%) were in class 4 and no patient
had unstable angina. There were no major bleeding
complications in the warfarin group. The results
were similar for the control group (median follow up
five months, range 1-20 months) where 46 (85%) of
54 were improved and 31 (57%) were symptom free.
One patient (2%) was in class 4 and two had unstable
angina (4%).
STRESS TESTING

Results of stress testing at follow up were available
for 81 (740o) of 110 patients (750o of the warfarin
group and 72% of the control group). In the warfarin
group, 15 (36%) of 42 patients had an appreciable
depression of the ST segment with exercise, and in 16
(38%) of 42 chest pain developed. The test was
symptom limited and patients reached a median of
Bruce protocol stage 3 (range 1-5). In the control
group, eight (21 %) of 39 patients had significant ST
segment depression with exercise and in 12 (310%)
chest pain developed. They reached a median of stage
3 of the Bruce protocol (range 0-5). None of these
differences was statistically significant.
ANGIOGRAPHY

Angiographic follow up was obtained in 85 (77%O) of
110 patients (75 % of the warfarin group and 80 % of
the control group). After a median follow up of five
months (range 1-19 months) in the warfarin group
the restenosis rate was 290% per patient (12 of42) and
25% per lesion (12 of 49). In the control group, the
median follow up was five months (range 1-20
months), the restenosis rate per patient was 370o (16
of 43), and per lesion 330o (18 of 54).
During the follow up period in the warfarin group
eight (15%) patients underwent a repeat angioplasty
and two (4%) had elective coronary artery bypass
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