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Summary

Background Antiplatelet treatment with aspirin and oral
anticoagulants reduces reocurrence of ischaemic events
after myocardial infarction. We aimed to investigate which of
these drugs is more effective in the long term after acute
coronary events, and whether the combination of aspirin and
oral anticoagulants offers greater benefit than either of these
agents alone, without excessive risk of bleeding.

Methods In a randomised open-label trial in 53 sites, we
randomly assigned 999 patients to low-dose aspirin, high-
intensity oral anticoagulation, or combined low-dose aspirin
and moderate intensity oral anticoagulation. Patients were
followed up for a maximum of 26 months. The primary
composite endpoint was first occurrence of myocardial
infarction, stroke, or death.

Findings The primary endpoint was reached in 31 (9%) of
336 patients on aspirin, in 17 (5%) of 325 on anticoagulants
(hazard ratio 0·55 [95% CI 0·30–1·00], p=0·0479), and in
16 (5%) of 332 on combination therapy (0·50 [0·27–0·92],
p=0·03). Major bleeding was recorded in three (1%) patients
on aspirin, three (1%) on anticoagulants (1·03 [0·21–5·08],
p=1·0), and seven (2%) on combination therapy (2·35
[0·61–9·10], p=0·2). Frequency of minor bleeding was 5%,
8% (1·68 [0·92–3·07], p=0·20), and 15% (3·13 [1·82–5·37],
p=<0·0001), in the three groups, respectively. 164 patients
permanently discontinued the study drug. Analyses were
done by intention to treat.

Interpretation In patients recently admitted with acute
coronary events, treatment with high-intensity oral
anticoagulants or aspirin with medium-intensity oral
anticoagulants was more effective than aspirin on its own in
reduction of subsequent cardiovascular events and death. 
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Introduction
The beneficial effect of antithrombotic treatment in
patients with acute coronary events suggests that
prevention of thrombus formation after plaque rupture
reduces subsequent cardiovascular events. Short-term
use of aspirin and long-term use of oral anticoagulants
are effective in patients who have had myocardial
infarction.1–3 Compared with placebo, antiplatelet
treatment, especially aspirin, reduces vascular events by
25% after myocardial infarction,1 and long-term
treatment with coumadin reduced vascular events by
35%.2,3 Indirect comparison of these trials suggests 
that coumadin could be more beneficial than aspirin.
Aspirin has been compared directly with coumadin in
patients who have had myocardial infarction, but only 
in two small clinical trials in the early 1980s,4,5 in which
no difference was recorded for reinfarction and
mortality. Since then, lower doses of aspirin have 
been used, making combination treatment with
anticoagulants more realistic than previously. At the
start of our trial, aspirin with low-intensity coumadin
(international normalised ratio [INR] values <1·5) was
no more effective in prevention of ischaemic events in
coronary artery disease than aspirin on its own.6

However, aspirin with moderate intensity coumadin
(INR 2·0–3·0) was more effective than aspirin on its
own.7

In the Antithrombotics in the Secondary Prevention of
Events in Coronary Thrombosis-2 (ASPECT-2) study,
we assessed the effect of high-intensity coumadin and
aspirin plus moderate-intensity coumadin, compared
with aspirin on its own in patients who had had an acute
coronary event. 

Methods
Study design
The ASPECT-2 study was a prospective, multicentre,
randomised, open-label trial. The study was done in
accordance with the Declaration of Helsinki. The
protocol was approved by the Netherlands National
Health Insurance Council and by all local institutional
ethics committees. All patients gave written informed
consent.

Patients
Eligible patients were men or non-pregnant women who
were admitted with acute myocardial infarction or
unstable angina within the preceding 8 weeks.
Myocardial infarction was defined as raised
concentrations of myocardial enzymes (more than twice
the upper limit of normal), with either chest pain for at
least 30 min or development of new Q waves in standard
12-lead electrocardiography. Unstable angina was
defined as history of chest pain suggestive of unstable
angina and evidence of underlying coronary artery
disease as manifested by: new ST-segment depression 
of at least 0·1 mV, transient ST-segment elevation, 
or T-wave changes in at least two contiguous leads;
documented previous myocardial infarction or
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revascularisation procedure; or results of non-invasive or
invasive testing indicating ischaemic heart disease.
Exclusion criteria included established indications for
treatment with oral anticoagulants (eg, atrial fibrillation,
prosthetic heart valve, ventricular aneurysm) or platelet
inhibitors (percutaneous transluminal coronary
angioplasty, stent), contraindications for the study drug,
planned revascularisation procedure, serious
comorbidity, increased risk of bleeding, abnormal blood
platelets or erythrocytes, anaemia, history of stroke, and
inability to adhere to the protocol or to give written
informed consent.

Procedures
The study was done in an open fashion. We randomly
allocated 999 patients to low-dose aspirin (100 mg
pulverised carbasalate calcium, metabolised to aspirin,
daily; equal to 80 mg), oral anticoagulants with a target
INR of 3·0–4·0, or low-dose aspirin (same dose) plus
oral anticoagulants (phenprocoumon or acenocoumarol)
with a target INR of 2·0–2·5. Randomisation was 
done by central telephone service. Concomitant 
drugs were left to the discretion of the attending
physician.

We recorded baseline demographics, medical history,
risk factors, and use of concomitant cardiovascular
drugs. Adverse events and endpoints were assessed with
a questionnaire that was completed by the patient every
3 months. If patients did not return the last follow-up
questionnaire, information on adverse events and
endpoints was obtained from family physicians and
hospital records. Patients on coumadin were referred 
to a regional anticoagulation clinic for monitoring 
of prothrombin time. Data for the intensity of
anticoagulation were obtained from these clinics and
were expressed as INRs. 

Outcomes
The primary endpoint was time to first occurrence of
death, myocardial infarction, or stroke. Secondary
outcomes were death from all causes (vascular death,
myocardial infarction, unstable angina, cardiac
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999 patients enrolled

 62 permanently discontinued
      drug
      15 PTCA
      2 CABG
      5 other indicators for 
      aspirin
      4 haemorrhage
      1 inadequate 
      anticoagulation control
     12 personal request
     23 other/unknown

330 patients randomised
       to coumadin

325 analysed

    5 patients withdrawn

 68 permanently discontinued
      drug
      5 PTCA
      5 CABG
      3 other indicators for 
      aspirin
      1 indication for
      anticoagulation
      9 haemorrhage
      2 inadequate
      anticoagulation control
      15 personal request
      28 other/unknown
    1 lost to follow-up

333 patients randomised
       to aspirin and coumadin

332 analysed

    1 patient withdrawn

336 patients randomised
       to aspirin

336 analysed

  34 permanently discontinued
       drug
       1 CABG
       11 indication for 
       anticoagulation
       4 haemorrhage
       8 personal request
       10 other/unknown
    1 lost to follow-up

Figure 1: Trial profile

Treatment group

Aspirin Coumadin Aspirin and 
(n=336) (n=325) coumadin (n=332)

Age (years)
Mean (SD) 60·8 (11·0) 61·6 (10·5) 60·8 (10·9)
<70 259 (77%) 252 (78%) 259 (78%)
�70 77 (23%) 73 (22%) 73 (22%)

Sex
Men 267 (79%) 239 (74%) 257 (77%)
Women 69 (21%) 86 (26%) 75 (23%)

Index event type
All MI 294 (88%) 283 (87%) 291 (88%)
Anterior 87 (30%) 81 (29%) 98 (34%)
Non-anterior 207 (70%) 202 (71%) 193 (66%)

Q-wave MI 151 (45%) 160 (49%) 147 (44%)
Non-Q-wave MI 143 (43%) 123 (38%) 144 (43%)
Unstable angina 42 (13%) 42 (13%) 41 (12%)

Previous clinical features
Angina 72 (21%) 61 (19%) 84 (25%)
MI 58 (17%) 40 (12%) 50 (15%)
CABG 15 (4%) 10 (3%) 17 (5%)
PTCA 22 (7%) 9 (3%) 21 (6%)
TIA 7 (2%) 7 (2%) 0
Peripheral vascular 10 (3%) 10 (3%) 7 (2%)
disease

Risk factors
Hypertension 73 (22%) 89 (27%) 68 (20%)
Smoking 176 (52%) 148 (46%) 160 (48%)
Hypercholesterolaemia 122 (36%) 118 (36%) 134 (40%)
Family history of 110 (33%) 102 (31%) 127 (38%)
cardiovascular disease
Diabetes 41 (12%) 26 (8%) 27 (8%)

Concomitant medication
�-blockers 264 (79%) 264 (81%) 261 (79%)
ACE-inhibitor 100 (30%) 86 (26%) 103 (31%)
Statin 101 (30%) 100 (31%) 111 (33%)

Time from index event (days)
Mean (SD) 11 (12%) 11 (11%) 10 (11%)
Median (IQR) 7 (5–9) 7 (5–10) 7 (5–9)

Values are number (%) except where indicated. MI=myocardial infarction.
CABG=coronary artery bypass graft. PTCA=percutaneous transluminal coronary
angioplasty. TIA=transient ischaemic attack. ACE=angiotensin converting
enzyme.

Table 1: Patients' baseline characteristics
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interventions, stroke) and episodes of bleeding. 
Vascular death included sudden death or death from
stroke, myocardial infarction, congestive heart failure,
peripheral vascular disease, haemorrhage, or other
vascular causes. If no clear data for the cause of 
death were available, death was classified as vascular.
Strokes were classified as ischaemic or haemorrhagic. 
If no imaging was available, we classified stroke 
as haemorrhagic. Cardiac interventions comprised
percutaneous transluminal coronary angioplasty or
coronary-artery-bypass graft surgery. Events were judged
and classified by an independent panel of cardiologists,
neurologists, and internists, who were unaware of the
treatment status. 

Safety
Major bleeding was defined as fatal bleeding,
intracranial haemorrhage, or any bleeding requiring
admission, irrespective of interventions. All other
bleedings were classified as minor. We did not include
postoperative bleeding in analyses. An independent
safety committee monitored the study but planned
interim analyses were not done because the study was
terminated early.

Statistical analysis
Assuming a rate of clinical endpoints in the aspirin
group of 12·5% in 2·5 years, a reduction of 20% for oral
anticoagulant treatment, a power of 85%, and a two-
sided � of 5%, 2900 patients per group were needed over 
3 years. The study was scheduled to end after 1 further
year of follow-up. We used Cox’s proportional-hazards
model to calculate hazard ratios with 95% CIs, and
Kaplan-Meier curves for graphic comparisons. If a

patient had more than one event, only the first was
included in the analysis. Analyses were done by intention
to treat.

Role of the funding source
The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or in
the writing of the report.

Results
In February, 1999, we stopped the study early because
of slow patient recruitment. By that time, 999 patients
had been enrolled in 53 hospitals across the Netherlands
(figure 1). Five patients assigned to coumadin 
and one assigned to aspirin and coumadin were excluded
because they refused to participate directly after
randomisation, but before use of the study drug. 
Median length of follow-up was 12 months (range
0–26). The study drug was discontinued in 34 (10%) 
of 336 on aspirin, in 62 (19%) of 325 on coumadin, and
in 68 (20%) of 332 on combination treatment (figure 1).
Table 1 shows patients’ baseline characteristics. 

Figure 2 shows the distribution of INR measurements
taken during planned outpatient visits at the anticoagu-
lation clinics. Mean INR in the high-intensity coumadin
group was 3·2 (SD 1·1). INR values were within 
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the target range of 3·0–4·0 in about half of patients. 
In the combination group, the INR values were within
the target range of 2·0–2·5 in about 40% of patients;
mean INR in this group was 2·4 (SD 0·9).

Figure 3 shows survival curves for time to first
occurrence of a primary endpoint. Significantly fewer
patients in the coumadin and combination groups
reached the primary endpoint than in the aspirin group
(table 2). No patients on coumadin had an ischaemic
stroke, and one patient from the combination group 
had an intracranial haemorrhage after a fall. Major
bleeding rates were low in all groups, with absolute 
rates of 1%, 1%, and 2% per patient year for 
the aspirin, coumadin, and combination groups,
respectively. Combination treatment was associated 
with an insignificant two-fold increase in major bleeding
and a significant three-fold increase in minor bleeding
(table 2).

Discussion
Plaque rupture and superimposed thrombus caused by
platelet aggregation and activation of the coagulation
cascade are major factors in the pathophysiology of acute
coronary events. After the acute event, activation of
anticoagulation is raised for several months,8 and this
increase has been associated with increased risk of
unfavourable outcome. In outpatients, a persistent effect
can be achieved with oral anticoagulants.

In our study, high-intensity oral anticoagulation and the
combination of moderate intensity oral anticoagulation
with aspirin were more effective than aspirin on its own in
reduction of serious cardiovascular events and death after
an acute coronary event. The benefits of oral
anticoagulation were achieved with few adverse effects.
Rates of major bleeding were low in all groups, although
combination treatment was associated with a two-fold
increase in this endpoint. 

In trials in the 1980s,4,5 rates of reinfarction and
mortality did not differ between patients given aspirin and
those given coumadin. However, in these small studies,
the doses of aspirin were high (up to 1500 mg/day) and
the intensity of anticoagulant treatment was poorly
controlled, so that no reliable information about the
relative benefits of aspirin and coumadin was provided.

Our results accord well with those of the ATACS trial,7

in which fewer patients on combination treatment (INR
2·4) had coronary events than those on aspirin alone, with
an acceptable risk of bleeding. This trial was much smaller
than ours and had a follow-up of only 90 days. No benefit
was recorded with combination treatment compared with
aspirin alone in the CHAMP study (INR 1·8), CARS trial
(INR �1·5),9 or the OASIS-2 trial,10 and bleeding
significantly increased with combination treatment in the
CHAMP study. But, in the OASIS-2 trial10 in countries
with good compliance (with most patients with INR >2·0)
combination treatment reduced death, myocardial
infarction, and stroke by over 30%. In the CARS-trial,6 no
benefit was recorded with 3 mg warfarin (INR 1·5) over 1
mg warfarin (INR 1·1). 

Since chronic thrombin activation is seen in patients
after acute coronary events, anticoagulant treatment must
be beneficial. Whether this benefit can be reached in
patients already protected with chronic aspirin treatment,
remains to be seen. Chronic treatment with low molecular
weight heparin showed modest benefit in the FRISC-2
trial,11 suggesting that anticoagulants might have a place in
the long term. The disappointing results of CARS and
CHAMP are probably because of the low intensity of oral
anticoagulation. Our study had a mean INR of 3·2 in the
anticoagulation group, and 2·4 in the combination group,
and this might explain the positive results of our trial. Oral
anticoagulation without aspirin was also more effective
than aspirin on its own in our trial. This effect accords
with the indirect comparison of either oral anticoagulation
or aspirin with placebo. In placebo-controlled trials,
vascular events were reduced by 25% with aspirin,1 and by
35% with anticoagulants.2,3 The preliminary results of the
WARIS-2 trial,12 which had a similar design to our trial,
showed a similar pattern of reduction of the primary
endpoint (death, reinfarction, or stroke as first event): the
reduction in risk was stronger when combination
treatment was compared with aspirin (p=0·0005), than
when warfarin was compared with aspirin (p=0·028). In a
previous trial,13 aspirin with clopidogrel was more effective
than aspirin on its own in patients with acute coronary
events without ST elevation during the first year after the
index event. In the ASPECT-2 population, about half of
the patients had such events. Few investigators have
compared clopidogrel and warfarin in patients given
aspirin.
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Treatment group

Aspirin (n=336) Coumadin (n=325) Aspirin and coumadin (n=332)

Patients Patients Hazard ratio (95% CI) Patients Hazard ratio (95% CI)

Concomitant medication
�-blockers 268 (80%) 263 (81%) 1·01 (0·94–1·09) 263 (79%) 0·99 (0·92–1·07)
ACE-inhibitor 114 (34%) 106 (33%) 0·96 (0·77–1·19) 111 (33%) 0·99 (0·80–1·22)
Statin 183 (54%) 195 (60%) 1·10 (0·97–1·26) 190 (57%) 1·05 (0·92–1·20)

Primary endpoint (death, MI or stroke) 31 (9%) 17 (5%) 0·55 (0·30–1·00) 16 (5%) 0·50 (0·27–0·92)

Secondary endpoints
Vascular death, MI, or stroke 28 (8%) 17 (5%) 0·61 (0·33–1·12) 15 (5%) 0·52 (0·28–0·98)
Death from all causes 15 (4%) 4 (1%) 0·28 (0·09–0·82) 9 (3%) 0·60 (0·26–1·36)
Vascular death 12 (4%) 4 (1%) 0·34 (0·11–1·06) 8 (2%) 0·66 (0·27–1·62)
Myocardial infarction 14 (4%) 13 (4%) 0·94 (0·44–2·00) 10 (3%) 0·70 (0·31–1·58)
Unstable angina 24 (7%) 16 (5%) 0·66 (0·35–1·26) 16 (5%) 0·66 (0·35–1·24)
Revascularisation (PTCA/CABG) 39 (12%) 34 (10%) 0·90 (0·58–1·39) 32 (10%) 0·83 (0·53–1·29)
All stroke 5 (1%) 0 ·· 1 (0·3%) 0·20 (0·02–1·70)
Ischaemic stroke 5 (1%) 0 ·· 0 ··
Haemorrhagic stroke 0 0 ·· 1 (0·3%) ··
Major bleeding (including intracranial) 3 (1%) 3 (1%) 1·03 (0·21–5·08) 7 (2%) 2·35 (0·61–9·10)
Blood transfusion/surgical intervention 2 (1%) 2 (1%) 1·03 (0·15–7·30) 4 (1%) 2·02 (0·37–10·98)
Minor bleeding 16 (5%) 26 (8%) 1·68 (0·92–3·07) 50 (15%) 3·13 (1·82–5·37)

Values are number (%). ACE=angiotensin converting enzyme. MI=myocardial infarction. PTCA=percutaneous transluminal coronary angioplasty. CABG=coronary artery
bypass graft.

Table 2: Primary and secondary endpoints
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The wide CIs and small number of patients in our study
means that the treatment effect we recorded from
anticoagulants might have been exaggerated by chance.
The favourable effect of coumadin in our study is lent
support by the results of a meta-analysis14 of oral
anticoagulants in patients with coronary artery disease and
the preliminary results of the WARIS-2 trial.12 A second
caution is that treatment assignment was open, which
might also have introduced bias in our results. We chose a
pragmatic approach because we were interested in the
relative effect of the full strategies, and coumadin needs
frequent monitoring of prothrombin time. Introducing the
logistics of anticoagulation monitoring into the aspirin
alone group could have led to bias in adherence. Open
treatment is unlikely to have introduced information bias
because events were adjudicated and classified by an
independent panel only after documents had been masked
for treatment status.
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