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n the United States, ST-segment elevation myocardial infarction (STEMI) affects about 500 000 people annually;
in Canada, about 50 000. The time to restoration of normal blood flow in the occluded artery is accepted to be a key
determinant of short- and long-term outcomes, whether reperfusion is accomplished by thrombolysis or percutaneous
coronary intervention (PCI). The main limitation of thrombolysis, however, has always been its unreliability in restoring
coronary flow: restoration is complete in only somewhat
more than half of the patients so treated.
In this issue of CMAJ, Armstrong and colleagues 1 have
evaluated the safety and efficacy of the thrombolytic drug tenecteplase plus either enoxaparin (a low-molecular-weight heparin [LMWH]) or unfractionated heparin in cases of STEMI by
doing a pooled analysis of data from the ASSENT (Assessment
of the Safety and Efficacy of a New Thrombolytic Regimen)-3
and ASSENT-3 PLUS trials. The ASSENT-3 trial was designed
to evaluate tenecteplase administered in hospital along with
enoxaparin, abciximab or unfractionated heparin to patients
after STEMI. The investigators 2 concluded that the frequency
of ischemic complications of acute myocardial infarction was
lower with tenecteplase plus enoxaparin or abciximab than
with tenecteplase plus unfractionated heparin. The ASSENT3 PLUS trial, an extension of that study, was designed to evaluate tenecteplase with either enoxaparin or unfractionated heparin in patients after STEMI, but in the prehospital setting.
Although the combination of tenecteplase and enoxaparin reduced the incidence of ischemic complications of acute myocardial infarction, it was also found to be associated with an
increased risk of major bleeding and intracranial hemorrhage
among patients 75 years of age and older.3 For the current
analysis, data from the patients who received tenecteplase plus
enoxaparin (n = 2040) and tenecteplase plus unfractionated
heparin (n = 2038) in the ASSENT-3 trial were pooled with
those from patients in the ASSENT-3 PLUS trial (n = 818).
Armstrong’s group arrived at several conclusions based on
the pooled data. First, the reduction in rates of reinfarction
and recurrent ischemia was greater among patients treated
with tenecteplase plus enoxaparin than among those given
tenecteplase plus unfractionated heparin, but with a commensurate excess in major systemic bleeding. These results
are akin to those seen in several other studies that compared
LMWH with unfractionated heparin in the setting of thrombolysis. A recent meta-analysis 4 that compared the effects of
these anticoagulants in people given thrombolytics after
STEMI reviewed 6 trials involving 7098 patients in total. A decreased rate of reinfarction and an increased incidence of miCMAJ
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nor bleeding, along with a nonsignificant increase in stroke,
was associated with LMWH compared with unfractionated
heparin. In contrast, in a recent substudy5 from the CLARITYTIMI (Clopidogrel as Adjunctive Reperfusion Therapy–
Thrombolysis in Myocardial Infarction) 28 trial, which involved patients younger than 75 years who were given thrombolytics and randomly assigned to receive either clopidogrel or
a placebo, no increase in bleeding complications or stroke was
found in the LMWH group. Angiographic results were improved and rates of adverse cardiovascular events were lower
than in the group provided unfractionated heparin.5

Thrombolysis alone restores coronary flow completely in only about half
of patients so treated.
Second, the patients in the enoxaparin group who underwent urgent revascularization seemed to derive greater protection from reinfarction. Again, supporting evidence was
found in the CLARITY-TIMI 28 substudy. Patients receiving
LMWH had a lower combined rate of an infarct-related occluded artery or death, or recurrent myocardial infarction before
angiography than those receiving unfractionated heparin.5
Moreover, in TIMI no excess major bleeding or intracranial
hemorrhage was observed, even when LMWH was combined
with clopidogrel, given in the setting of angiography or PCI,
used in conjunction with glycoprotein IIb or IIIa, or administered to patients with moderately impaired renal function.
Although these results are interesting, some issues remain
unresolved. No information was provided about the anticoagulation regimen used for revascularization. Was enoxaparin
continued, or were some crossover patients reassigned to receive unfractionated heparin? Obviously, this would have important implications about how best to interpret these results
in light of the findings of the SYNERGY (Superior Yield of the
New Strategy of Enoxaparin, Revascularization and Glycoprotein IIb/IIIa Inhibitors) trial.6
Third, the excess incidence of major systemic bleeding
seen with enoxaparin was observed in all groups given that
form of heparin, but it was more prominent among the pa•
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heparin in 21 000 patients whose STEMI was treated with
thrombolytic therapy. After years of smaller trials suggesting
(but not proving) an efficacy benefit of enoxaparin over unfractionated heparin, the ExTRACT trial will finally provide
more definitive results. It will provide important information
on the efficacy and safety of reduced doses of enoxaparin in
elderly patients. The examination of data combined from the
ASSENT-3 and ASSENT-3 PLUS trials has been intriguing
and useful for hypothesis generation, but real answers should
come from the ExTRACT study.8

tients who did not undergo revascularization. The reason for
this is not entirely clear. It may be a reflection of the shorter
duration of the treatment and the higher incidence of subtherapeutic anticoagulation achieved with unfractionated
heparin. On the other hand, it may simply reflect the fact that
patients who went on to have nonurgent catheterization and
revascularization were exposed to shorter periods of anticoagulation and therefore were at lower risk of bleeding.
Finally, one of the most important observations from the
ASSENT-3 PLUS trial (which was not seen in the ASSENT-3
trial) was an increased risk of intracranial hemorrhage
among patients (especially women) older than 75 years who
received enoxaparin and tenecteplase. Although of concern,
this finding is problematic for several reasons. The proportion of elderly women in the ASSENT-3 PLUS trial was larger
in the enoxaparin group than in the unfractionated heparin
group (38% v. 30%), and about 20% of all the ASSENT-3
PLUS patients received more than 105% of the correct dose of
tenecteplase.3 Only 61% of the patients in the unfractionated
heparin group received an intravenous (IV) bolus and drip of
unfractionated heparin before arrival at the hospital, and only
30% were within the target range of their activated partial
thromboplastin time (i.e., the preferred aPTT range) during
their 48 hours of unfractionated heparin administration,
whereas 88% of the patients in the enoxaparin group received
their IV bolus and subcutaneous dose of enoxaparin on
schedule. In addition, nonscheduled LMWH was given to
33% of the patients in the enoxaparin group and 47% of
those in the unfractionated heparin group during their hospital stay. It has been known for years that the risk of intracranial hemorrhage decreases with the dose of heparin; 7 it is
therefore not surprising that those in the unfractionated heparin group had lower rates in this study. The number of patients who received a therapeutic dose of unfractionated heparin was low at best, whereas the number receiving the target
dose of enoxaparin was much higher. Although all these confounding variables factor into the need to further evaluate this
end point, the consistency between these findings and the increased risk of bleeding among patients aged 75 years or
more in the enoxaparin group of the SYNERGY trial suggests
that this is likely to be a real effect.6
Armstrong and colleagues’ study 1 raises several questions,
the most important of which may be the optimal anticoagulant and dose to use in combination with fibrinolytics in the
treatment of STEMI, and whether that dose can be optimized
according to patient age to maximize safety. The ExTRACTTIMI (Enoxaparin and Thrombolysis Reperfusion for Acute
Myocardial Infarction–Thrombolysis in Myocardial Infarction) 25 study is comparing enoxaparin with unfractionated
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