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preventing clinical events at 1-year follow-up of TIMI
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Background Enoxaparin treatment is associated with a
20% reduction in clinical events during the acute phase of
management of patients with unstable angina/non ST
elevation myocardial infarction. Interest in the use of
enoxaparin would be enhanced further if evidence of a
durable treatment benefit over the long term could be
provided.

Methods Event rates at 1 year for the composite end-point
of death/non-fatal myocardial infarction/urgent revascu-
larization and its individual components were ascertained
from the TIMI 11B and ESSENCE databases.

Results There was no evidence of heterogeneity between
TIMI 11B and ESSENCE in tests for interactions between
treatment and trial. A significant treatment benefit of
enoxaparin on the rate of death/non-fatal myocardial
infarction/urgent revascularization was observed at 1 year
(hazard ratio 0·88; P=0·008). The event rate was 25·8% in
the unfractionated heparin group and 23·3% in the enoxa-
parin group, an absolute difference of 2·5%. A progressively
greater treatment benefit of enoxaparin was observed as the
level of patient risk at baseline increased. Treatment effects
0195-668X/02/040308+07 $35.00/0
for the individual end-point elements ranged from 9–14%,
favouring enoxaparin.

Conclusions The stable absolute difference in event rates
of 2·5% seen at 8 days and again at 1 year favouring
enoxaparin may be due to more effective control of the
thrombotic process surrounding the index event. Once the
pharmacological effect of enoxaparin had dissipated there
was no rebound increase in events. Thus, those patients
who had received enoxaparin acutely were protected from
experiencing a deterioration of the original therapeutic
benefit. These findings regarding enoxaparin add to the
data to be considered by clinicians when selecting an
antithrombin for the acute phase of management of
unstable angina/non-ST elevation myocardial infarction.
(Eur Heart J 2002; 23: 308–314, doi:10.1053/euhj.2001.2779)
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Introduction
The deficiencies of unfractionated heparin have stimu-
lated clinical investigation of novel pharmacological
agents as alternative antithrombins to be used in
combination with antiplatelet therapy for patients
with acute coronary syndromes. Low molecular weight
heparins offer the advantages of a stable and pre-
dictable anticoagulant response to a given dose, elimi-
nating the need for haematological monitoring, and
offering much simpler administration via the sub-
cutaneous route[1–3]. Compared with unfractionated
heparin, as demonstrated in a meta-analysis of the
TIMI 11B and ESSENCE trials, enoxaparin treatment
is associated with a 20% reduction in clinical events
during the acute phase of management of patients
with unstable angina/non ST elevation myocardial
infarction[4].
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Methods
Data acquisition

The details of TIMI 11B and ESSENCE have been
reported previously[7,8]. Both trials compared enoxa-
parin 1·0 mg . kg�1 subcutaneously every 12 h with in-
travenous unfractionated heparin during the first several
days of the index hospitalization for unstable angina/
non-ST elevation myocardial infarction. In TIMI 11B,
the first subcutaneous dose of enoxaparin was preceded
by an intravenous bolus of 30 mg of enoxaparin. Also,
in TIMI 11B, a subset of about 60% of the original trial
cohort was eligible for the chronic phase and received, in
a double-blind fashion, either reduced doses of enoxa-
parin twice daily as an outpatient or placebo injections
for 43 days based on whether the initial treatment
assignment during the acute phase was enoxaparin or
unfractionated heparin, respectively. As reported pre-
viously, the event rate was low during the chronic phase
in TIMI 11B and no benefit of the additional period of
treatment with enoxaparin was observed[7]. Therefore,
as was the case for the previously reported 43-day
meta-analysis all patients enrolled in TIMI 11B were
eligible for long-term follow-up whether or not they
participated in the chronic phase of the trial[4]. One year
follow-up was obtained in both ESSENCE and TIMI
11B at each enrolling site, and case report forms along
with supporting documentation were submitted to an
independent clinical events committee that adjudicated
all events in a blinded fashion[4,5].
Statistical analysis

For TIMI 11B alone and when pooled with ESSENCE
using the data reported previously[5], the 1-year
follow-up data were analysed according to the intention-
to-treat principle via a Cox proportional hazards model.
In the pooled dataset, terms for study, treatment and
their interaction were included to test for heterogeneity
between TIMI 11B and ESSENCE. Prespecified end-
points of interest included all-cause mortality, recurrent
myocardial infarction, urgent revascularization and the
composite outcomes of death/non-fatal myocardial in-
farction and death/non-fatal myocardial infarction/
urgent revascularization as defined previously[7].
Statistical comparisons were made by using the hazard
ratio with 95% confidence interval and P value from the
Wald chi-square test in the Cox proportional hazards
model for time to first event. Comparisons using the
Kaplan–Meier survival method were made using the
log-rank test. The TIMI Risk Score for unstable angina/
non-ST elevation myocardial infarction categorizes
patients based on the presence of one or more risk
factors present at the time of presentation[6]. In our prior
report of the the TIMI Risk Score for unstable angina/
non-ST elevation myocardial infarction, the data from
TIMI 11B and ESSENCE were analysed separately and
outcomes were reported at 14 days of follow-up. In the
present analysis of 1-year follow-up, the databases from
TIMI 11B and ESSENCE were pooled and patients with
0–2 risk factors were combined into a low risk stratum,
those with 3–4 risk factors into an intermediate risk
stratum, and 5–7 risk factors into a high risk stratum.
The hazard ratios for each stratum were calculated as
described above for the entire population. The Cochran–
Armitage test for trend was used to evaluate the differ-
ences in enoxaparin’s treatment effect stratified by the
TIMI Risk Score for unstable angina/non-ST elevation
myocardial infarction[6].
Results

Of the 7081 patients enrolled collectively in the TIMI
11B and ESSENCE trials, 1-year follow-up was avail-
able in 6646 (94%) patients. No differences in the
characteristics of the patient populations were noted
between the unfractionated heparin and enoxaparin
groups for whom 1-year follow-up was available.
Meta-analysis findings

Meta-analyses of each of the end-points of interest
showed no evidence of heterogeneity between TIMI 11B
and ESSENCE in tests for interactions between treat-
ment and trial. The event rates and and associated
hazard ratios for each end-point element and for the
double and triple composite end-points were numeri-
cally lower in the enoxaparin group for both trials
(Table 1).

For the pooled dataset, a significant treatment benefit
of enoxaparin on the triple composite end-point of
Interest in the use of enoxaparin would be enhanced
further if evidence of a durable treatment benefit over
the long term could be provided. Indeed, the 1-year
follow-up of the ESSENCE trial reported a reduced rate
of death and cardiac ischaemic events as well as the
performance of invasive diagnostic and therapeutic cor-
onary interventional procedures in patients treated with
enoxaparin in the acute phase[5].

In an effort to establish more statistically robust
estimates of the treatment effects of enoxaparin on death
and serious cardiac ischaemic events individually and in
various combinations we combined the 1-year follow-up
of TIMI 11B with that previously reported for
ESSENCE in a prospectively planned meta-analysis[5].
We hypothesized that the treatment effect of enoxaparin
would be sustained at 1 year and that there would be a
gradient of treatment benefit based on the TIMI Risk
Score established at the time of initial presentation
with unstable angina/non-ST elevation myocardial
infarction[6].
Eur Heart J, Vol. 23, issue 4, February 2002
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death/non-fatal myocardial infarction/urgent revascu-
larization was observed at 1 year (hazard ratio 0·88; 95%
confidence interval 0·80, 0·97). The event rate was 25·8%
in the unfractionated heparin group and 23·3% in the
enoxaparin group, an absolute difference of 2·5% that
was associated with P=0·008 by the log rank test (Fig.
1). The point estimates for the hazard ratio for each
individual element of the composite triple end-point
favoured the enoxaparin group at 1 year, with treatment
effects ranging from 9–14% (Fig. 1). A significant differ-
ence was observed for the urgent revascularization end-
point, with a hazard ratio of 0·86; 95% confidence
interval 0·76, 0·97. The rate of death/non-fatal myo-
cardial infarction was lower in the enoxaparin group
(hazard ratio 0·92, 95% confidence interval 0·81, 1·04).

In order to exclude any impact of prolonged treat-
ment with enoxaparin during the chronic phase of TIMI
11B, we compared the composite event curves for the
enoxaparin and unfractionated heparin groups at 1 year
in the combined TIMI 11B and ESSENCE dataset,
excluding those patients who participated in the chronic
phase of TIMI 11B. The event rate was 29·0% in the
unfractionated heparin group and 24·3% in the enoxa-
parin group, an absolute difference of 4·7% and hazard
ratio of 0·81 that was associated with P=0·0002 by the
log rank test (data not shown).
Stratification by risk score

Among the patients in the combined dataset, 2101 (32%)
were classified as low risk, 3696 (56%) as intermediate
risk, and 849 (12%) as high risk based on the TIMI Risk
Score for unstable angina/non-ST elevation myocardial
infarction. The point estimates for the hazard ratio for
the triple end-point of death/non-fatal myocardial
infarction/urgent revascularization were numerically
lower in the enoxaparin groups for each stratum. There
was a progressively greater treatment effect of enoxa-
parin as the level of patient risk increased (Fig. 2;
P=0·02 by Cochran–Armitage test for trend). A statisti-
cally significant treatment benefit of enoxaparin was
observed in the intermediate (hazard ratio 0·87; 95% CI
0·77, 0·99; P=0·04) and high risk (hazard ratio 0·80;
95% CI 0·65, 0·98; P=0·03) groups.
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Figure 1 Meta-analysis of the treatment effect of enoxaparin vs unfractionated heparin at 1 year. The
rate of the composite end-point of death/myocardial infarction/urgent revascularization was significantly
lower (P=0·008) in the enoxaparin group (left). Point estimates of the hazard ratio for each of
the individual elements of the composite end-point as well as the double end-point of death/non-
fatal myocardial infarction (D/MI) also favoured enoxaparin. UFH=unfractionated heparin,
ENOX=enoxaparin.
Discussion

The majority of the evidence of enoxaparin’s treatment
effect in unstable angina/non-ST elevation myocardial
infarction centres around the acute phase of manage-
ment of unstable angina/non-ST elevation myocardial
infarction. The treatment benefit of enoxaparin ap-
peared early (within 48 h) when a direct head-to-head
comparison with unfractionated heparin was occur-
ring[7], was present even in patients who had optimal
levels of anticoagulation with unfractionated heparin[9],
was of a similar magnitude in patients who were treated
exclusively medically and in those who underwent a
percutaneous revascularization procedure after a period
of initial medical stabilization[10], and was evident in
troponin positive patients even if creatine kinase MB
levels were not elevated[11]. Following discontinuation of
Eur Heart J, Vol. 23, issue 4, February 2002
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treatment, a rebound increase in ischaemic episodes on
ST monitoring is seen more frequently with unfraction-
ated heparin than enoxaparin[12]. Although the unit cost
of treatment with enoxaparin is greater than that of
unfractionated heparin, by reducing the rate of events
and the need for revascularization procedures, enoxa-
parin therapy was found to be an economically domi-
nant strategy[13,14]. Using a simple bedside risk score, it
is clear that the treatment effect of enoxaparin during
the acute phase increases progressively as a patient’s
level of risk increases[6,10].

This meta-analysis of the ESSENCE and TIMI 11B
trials builds on the acute phase data noted above and
shows a sustained benefit of enoxaparin at 1-year follow-
up. The treatment effects observed at 1 year are of a
similar magnitude for each of the individual end-point
elements, suggesting that the benefit is not driven exclu-
sively by one type of event (Fig. 1). Consistent with the
findings reported in TIMI 11B, there does not appear to
be any benefit from prolonged treatment with enoxa-
parin beyond the acute hospitalization.

Particularly instructive observations are made when
comparing the absolute event rates at day 8 and at 1 year
in the two treatment groups for the composite end-point
of death/myocardial infarction/urgent revascularization.
At day 8, the rates were 13·5% in the unfractionated
heparin group and 11·0% in the enoxaparin group, an
absolute difference of 2·5% and a relative risk difference
of 0·81[4]. Following the brisk rate of development of
events during the first week of observation in the trials,
the rate slowed, so that 51 weeks later at the end of 1
Eur Heart J, Vol. 23, issue 4, February 2002
year the rates had doubled in the two treament groups
but the absolute difference remained 2·5% and remained
significantly lower in the enoxaparin group (Fig. 1). As
observed for the acute phase, the treatment effect of
enoxaparin observed at 1 year increased progressively as
the level of patient risk increased (Fig. 2)[6]. About
two-thirds of the population analysed in the combined
dataset (intermediate plus high risk strata) achieved
significant reductions in the triple end-point at 1 year
favouring enoxaparin.
2
Enoxaparin better

0·5 1
UFH better

Hazard ratio

All
(n = 6646)

0·88 (0.80, 0·97) P = 0·008

High
(n = 849)

0·80 (0.65, 0·98) P = 0·03

Intermediate
(n = 3696)

0·87 (0.77, 0·99) P = 0·04

Low
(n = 2101)

0·96 (0·78, 1·17) P = 0·69

Hazard ratio (95% CI)

P = 0·02
trend

Figure 2 Treatment effect of enoxaparin stratified by risk score. The
progressively smaller hazard ratios favouring enoxaparin moving from the low
to high risk groups indicates an increasing treatment benefit of enoxaparin as
the level of patient risk at the initial presentation increases (P=0·02 by
Cochran–Armitage test for trend). The number of risk factors based on the
TIMI Risk Score for unstable angina/non-ST elevation myocardial infarction
was 0–2 in the low risk stratum, 3–4 in the intermediate risk stratum, and 5–7
in the high risk stratum.
Potential mechanisms of sustained benefit of
enoxaparin

Reactivation of the coagulation cascade and an attend-
ant rebound in clinical events within 24 h after discon-
tinuation of unfractionated heparin may be related to
incomplete suppression of thrombin activity and rela-
tively rapid clearance of the antifactor IIa (thrombin)
activity of unfractionated heparin by the reticulo-
endothelial system[3,15,16]. Features of enoxaparin that
may permit a greater degree of suppression of thrombin
generation than with unfractionated heparin include a
higher antifactor Xa: antifactor IIa ratio (3·8:1), a
prolonged duration of antifactor Xa activity, a higher
level of antifactor IIa activity due to better bioavailabil-
ity, less sensitivity to the inhibitory effects of platelet
factor 4, a greater capacity to release tissue factor
pathway inhibitor, a lower propensity to promote
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activation and aggregation of platelets, and potential
antiplatelet effects via higher degrees of suppression of
von Willebrand factor[17–26].

We hypothesize that for the reasons outlined above,
enoxaparin compared with unfractionated heparin
achieved more effective control of the thrombotic pro-
cess surrounding the index event leading to enrollment
in TIMI 11B and ESSENCE. Once the pharmacological
effect of enoxaparin dissipated there was no rebound
increase in events. Thus those patients who had received
enoxaparin acutely were protected from experiencing a
deterioration of the original therapeutic benefit. Of note,
however, in both treatment groups a disturbing number
of events continued to occur over the long term, indicat-
ing the need for more effective therapy over the long
term. Potential candidates for long-term antithrombotic
therapy include warfarin and the oral forms of direct
antithrombins[27].
Clinical implications

The 20% reduction in clinical events with enoxaparin
during the acute phase of management of unstable
angina/non-ST elevation myocardial infarction is of a
magnitude that most clinicians would consider sufficient
to change their practice pattern. Enoxaparin’s durable
treatment effect at 1 year, noted in the entire population
but most marked in the two-thirds of the patients at
highest baseline risk, also compares quite favourably
with the more transitory benefits of intravenously ad-
ministered direct antithrombins and the reported experi-
ence to date with dalteparin[28,29]. These findings,
coupled with the encouraging open label experience
combining enoxaparin with intravenous glycoprotein
IIb/IIIa inhibitors[30] add to the data to be considered
by clinicians when selecting an antithrombin for the
acute phase of management of unstable angina/non-ST
elevation myocardial infarction.
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