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Anticoagulant therapy plays a key role

in pharmacological reperfusion therapy
for acute ST segment elevation myocardial
infarction (STEMI). Until recently, the
established role of unfractionated heparin
(UFH) was unquestioned, but large trials
with new agents including factor Xa
inhibitors, direct thrombin inhibitors, and in
particular, low molecular weight heparins
(LMWHSs), have shown potential advantages
compared with UFH. This paper reviews the
evidence base for the newer anticoagulants,
with a focus on LMWH including the
Enoxaparin and Thrombolysis Reperfusion
for Acute Myocardial Infarction Treatment

— Thrombolysis in Myocardial Infarction
(EXTRACT TIMI)-25 study, which found that
enoxaparin when appropriately adjusted for
weight, age and renal function, provided
superior net clinical benefit (balancing
efficacy and safety) compared with UFH.

In addition, new data from higher risk
subgroups (the elderly, those with renal
dysfunction or undergoing early coronary
intervention) and the efficacy and safety of
using concurrent clopidogrel are discussed to
illustrate how these data may be integrated
into contemporary practice.

Introduction

Culprit artery reperfusion with fibrinolytic therapy
and/or percutaneous coronary intervention (PCl) is
the established treatment for ST-elevation myocardial
infarction (STEMI), with rapid access to optimised
treatment providing the best outcome.!? Although
timely primary PCI compared with fibrinolytic therapy
for STEMI has demonstrated potential benefits

in mortality and morbidity* and pilot primary PCI
services are currently being evaluated around the

UK, fibrinolytic therapy remains the most common
form of reperfusion treatment. An area of ongoing
research is the optimisation of adjuvant treatment,

in particular the anticoagulant agents. Historically,
unfractionated heparin (UFH) has been the most
commonly employed anticoagulant and is still a
guideline-recommended strategy in patients treated
with fibrinolytic therapy®? or in those undergoing
primary PCI.3 However, 30-day morbidity and
mortality rates with UFH remain substantial*!! and
practical limitations include the need to frequently
monitor and adjust dosage; difficulty maintaining
target range;*° and association with heparin-induced
thrombocytopenia. Therefore, a number of alternative
anticoagulant agents have been investigated in the
STEMI population, including the factor Xa inhibitor
fondaparinux, the direct thrombin inhibitor bivalirudin,
and low molecular weight heparin (LMWH).

Factor Xa inhibitors

Fondaparinux is a synthetic pentasaccharide that
selectively binds to antithrombin, potentiating by
~300 times the antithrombin mediated inhibition of
factor Xa, but is devoid of direct thrombin inhibition.
Potential advantages of fondaparinux over UFH
include good bioavailability after subcutaneous

(s/c) injection, a half-life of 15-18 hours allowing
once-daily administration and no association with
heparin-induced thrombocytopenia. Fondaparinux
was compared with UFH in the Sixth Organisation to
Assess Strategies in Ischaemic Syndromes (OASIS-
6) trial,*> which enrolled 12,092 STEMI patients,
grouped into two strata. Stratum-1 patients with ‘no
indication for UFH’ (local investigator’s judgement,
n=>5,658) including some receiving streptokinase,
were randomised to fondaparinux or placebo for <8
days. Stratum-2 patients with an ‘indication for UFH’
(n=6,434), for example those undergoing primary
PCI or receiving fibrin-specific fibrinolytics, were
randomised to fondaparinux/placebo for <8 days or
UFH/placebo for 24-48 hours.
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Fibrinolytic therapy was given in 45% of
patients (mostly in stratum 1), primary PCl was
undertaken in 28.9% (nearly all in stratum 2),
and 23.7% received no reperfusion therapy.
The primary end point (death/re-infarction) in
stratum-1 patients was significantly reduced by
fondaparinux compared with placebo (11.2% vs.
14.0%; hazard ratio [HR] 0.79, 95% confidence
interval [CI] 0.68-0.92). These stratum-1 data
are of clinical importance, adding to LMWH
data, showing a benefit of newer anticoagulants
as adjuncts to streptokinase (a previously
controversial issue with UFH).

In stratum-2 patients, there was no significant
reduction in the primary end point for
fondaparinux compared with UFH (8.3%

vs. 8.7%; HR 0.96, 95% Cl 0.81-1.13)

and in patients undergoing primary PCI,

there was an increase in complications with
fondaparinux compared with UFH, including
guide catheter thrombosis, abrupt coronary
artery closure, new angiographic thrombus,

or no reflow. An interim protocol modification
was thus required advising additional UFH in
fondaparinux patients undergoing acute PCI.
Interestingly, fondaparinux compared with
placebo was associated with lower rates of
severe haemorrhage (28% vs. 44%; p=0.06)
and major bleeds (39% vs. 57%; p=0.07) but
similar bleeding compared with UFH.

In summary, factor Xa inhibitors represent an
interesting new class with a convenient dosing
schedule. However, while OASIS-6 showed
clear benefits compared with placebo, it did not
demonstrate overall benefit in 30-day efficacy
or bleeding rates when compared with UFH but
did raise safety concerns in patients undergoing
subsequent invasive management — a finding
that requires ongoing study. Current labelling
restricts use to patients not thought likely to
need urgent invasive management (within

120 minutes).

Direct thrombin inhibitors

Direct thrombin inhibitors inhibit thrombin
(factor lla) by specifically binding to the
catalytic site and the anion-binding exosite of
circulating and clot-bound thrombin. In the
Global Use of Strategies to Open Occluded
Arteries in Acute Coronary Syndromes (GUSTO
IIb) trial,” 2,274 STEMI patients treated with
fibrinolytic therapy were randomised to the
direct thrombin inhibitor hirudin or UFH.

In patients receiving streptokinase, hirudin
compared with UFH was associated with a
reduction in 30-day death/re-infarction (8.6%
vs. 14.4%; p=0.004) although no difference
was seen in patients treated with tissue
plasminogen activator (tPA). In the Hirudin for
Improvement of Thrombolysis-4 (HIT-4) study,®
1,208 streptokinase-treated STEMI patients
were randomised to recombinant hirudin or
heparin. A trend to earlier ST resolution was
seen, but no difference in re-infarction, mortality
or bleeding rates. A similar direct thrombin
inhibitor, bilvalirudin compared with UFH as an
adjunct to streptokinase, showed improved early
patency in the Hirolog and Early Reperfusion or
Occlusion (HERO)-1 study® and in the 17,073-
patient HERO-2 study!! showed a reduction in
re-infarction (odds ratio 0.70, 95% CI 0.56—
0.87; p=0.001) but no significant difference

in death or death/myocardial infarction (MI),
and an increase in moderate bleeding. The
recently reported Harmonising Outcomes

with Revascularisation and Stents in Acute
Myocardial Infarction (HORIZONS-AMI) trial*® in
over 3,600 STEMI patients undergoing primary
PCI, found bivalirudin monotherapy compared
with UFH plus a glycoprotein Ilb/llla inhibitor
was associated with a reduction in net adverse
clinical events (reduction in major bleeding with
no excess of death/Ml/ischaemic target vessel
revascularisation/stroke).

While the comparability of bleeding data have
been criticised given the shorter duration of
bivalirudin therapy and lack of comparison
with UFH monotherapy, the strategy appears
promising in the primary PCI setting. However,
there are no new studies currently investigating
bivalirudin as an adjunct to fibrinolytic therapy
in STEMI.

LMWH

LMWH are widely used in the management of
unstable angina/non-STEMI, reflecting a large
body of randomised data showing superiority
over UFH.}415 Large-scale randomised clinical
trials and meta-analyses have now demonstrated
a superior efficacy-safety balance for LMWH
compared with UFH in fibrinolytic-treated
STEMI patients.’®'” Based on these data, the
LMWH enoxaparin was approved in 2007 for
this indication by the United States Food and
Drug Administration and several European
countries; a decision is pending in the UK.
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Hence, the focus of the remainder of this review
is the role of LMWH as an adjunct anticoagulant
to fibrinolytic therapy.

Theoretical benefits of LMWH
over UFH

The anticoagulant mechanism of heparin is
based on its ability to enhance, by approximately
1000 times, the ability of antithrombin to form
inhibitory complexes with thrombin, factor Xa
and factor IXa.!® The finding that only a specific
fraction of heparin (~30%) binds to purified
antithrombin (AT or ATIII), and that this fraction
possesses almost all of the anticoagulant activity
of heparin,*® led to the development of LMWH.
In contrast to UFH, benefits of LMWH include

a higher antifactor Xa:lla ratio, less inhibition

by platelet factor 4, and an inhibition of the
early rise in von Willebrand factor,?° leading to
potential antiplatelet effects and a reduction

in upstream thrombin generation. In addition,
the high bioavailability and minimal plasma
protein binding of LMWH lead to a predictable
dose-response obviating the need for plasma
monitoring whereas, despite regular activated
partial thromboplastin time (@aPTT) monitoring,
UFH rarely achieves target range (<25% of cases
during the initial 6-12 hours in the Thrombolysis
in Myocardial Infarction [TIMI] 9B study).!

LMWH versus placebo

Four double-blind, randomised trials compared
LMWH with placebo as adjunct anticoagulant in
patients receiving fibrinolytic therapy for STEMI.
The Fragmin in Acute Myocardial Infarction
(FRAMI) trial (n=776) found dalteparin (120 U/
kg s/c twice daily) was associated with less left
ventricular thrombosis/arterial thromboembolism,
similar culprit artery patency but higher bleeding
rates than placebo.?! Biochemical Markers

in Acute Coronary Syndromes (BIOMACS-II)
showed a trend to less recurrent ischaemia

and better culprit artery patency at 24 hours
with dalteparin than placebo.?? In the Clinical
Trial of Reviparin and Metabolic Modulation in
Acute Myocardial Infarction (CREATE)? trial
(n=15,570; 73% receiving fibrinolytic therapy)
reviparin compared with placebo was associated
with reduced death/re-infarction/stroke (9.6%
vs. 11.0%; p=0.005), but, in those receiving
fibrinolytic therapy, increased major bleeding
including intracranial haemorrhage (ICH) (0.4%
vs. 0.1%). In the Acute Myocardial Infarction

— Streptokinase (AMI-SK) study?* (n=496)
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enoxaparin compared with placebo showed
faster ST-segment resolution at 180 minutes,
improved culprit artery patency at eight days
and lower 30-day death/re-infarction/recurrent
angina. Major bleeding was more common with
enoxaparin (1.6% vs. 0.8%), but there was no
increase in ICH (0 vs. 0.4%).

LMWH versus UFH

One study has compared dalteparin with UFH as
an adjunct to fibrinolytic therapy for STEMI?® and
six randomised trials provide the evidence base
for enoxaparin (table 1).26-3°

Phase |l studies

The first data comparing LMWH with UFH were
reported from a UK study in which 300 patients
were randomised to enoxaparin (n=149) or

UFH (n=151) for four days.?® Enoxaparin was
associated with a 28% reduction in 90-day
death/re-infarction/re-admission with unstable
angina (26% vs. 36%; p=0.04). Multi-variate
analysis identified the use of UFH rather than
enoxaparin as one of only three independent
predictors of the primary end point.?” There

was no difference in major haemorrhage

(3% vs. 4%). In the Second Trial of Heparin
and Aspirin Reperfusion Therapy (HART [1)?8
study of 400 patients receiving recombinant
tissue plasminogen activator (rt-PA), those
randomised to enoxaparin compared with UFH
showed a small improvement in 90-minute
patency (80.1% vs. 75.1%) and less frequent
re-occlusion at 5-7 days (5.9% vs. 9.8%).
The Enoxaparin and TNK-tPA with or without
GP Ilb/llla Inhibitor as Reperfusion Strategy

— Thrombolysis in Myocardial Infarction
(ENTIRE-TIMI) 23 trial randomised nearly 500
STEMI patients receiving full-dose tenecteplase
or half-dose tenecteplase plus abciximab in
open-label, dose-ranging fashion to enoxaparin
or UFH.?® Enoxaparin was associated with
similar TIMI-3 flow rates and risk of major
haemorrhage to UFH but fewer ischaemic events
(30-day death/recurrent Ml 4.4% vs. 15.9%
in those receiving full-dose tenecteplase). The
Assessment of the Safety and Efficacy of a
New Thrombolytic Agent (ASSENT)-PLUS trial
compared dalteparin 120 1U/kg s/c twice daily
for 4-7 days with UFH 48-hour infusion as an

Table 1. Summary of trial designs comparing enoxaparin and unfractionated heparin (UFH)
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adjunct to alteplase.?® Dalteparin reduced early
coronary artery occlusion and early re-infarction,
with higher TIMI flow in the infarct-related
coronary artery (p=0.016). However, cessation
of dalteparin therapy resulted in more re-
infarction thus no between-group difference in
death/re-infarction was seen by 30 days.

Phase [l studies

ASSENT-3 was a phase llIb open-label trial

in which 6,095 STEMI patients receiving
tenecteplase, were randomised to: (i) full-dose
tenecteplase and enoxaparin (initial i.v. bolus,
followed by s/c injection twice daily for <7
days); (i) half-dose tenecteplase and weight-
adjusted low-dose UFH and a 12-hour infusion
of abciximab; or (iii) full-dose tenecteplase with
weight-adjusted UFH for 48 hours.3° When
given with full-dose tenecteplase, enoxaparin
compared with UFH led to significant reductions
in 30-day death/in-hospital re-infarction/
recurrent ischaemia, with no significant increase
in overall bleeding. However, the ASSENT-3
PLUS extension in 1,639 pre-hospital treated
patients subsequently reported an excess of

Trial N Blinding
ASSENT 33° 4,075 Open-label
ASSENT 3 PLUS®! 1,635 Open-label
HART 1126 400 Open-label
ENTIRE-TIMI 23%° 242 Open-label
Baird et al.26%7 300 Open-label
EXTRACT-TIMI 253 20,479 Double-blind

Randomisation arms

Enoxaparin

1 mg/kg b.i.d. for <7 days

1 mg/kg b.i.d. for <7 days

30 mg bolus, 1 mg/kg
b.i.d. for 23 days

1 mg/kg b.i.d. for <8 days

40 mg bolus, 40 mg t.i.d.
for 4 days

30 mg bolus (if age <75);
1 mg/kg b.i.d. (if age <75)
or 0.75 mg/kg b.i.d.

(if age 275) for <8 days

UFH

60 U/kg bolus, 12 U/kg/hour
for 48 hours

60 U/kg bolus, 12 U/kg/hour
for 48 hours

4,000-5,000 U bolus,
15 U/kg/hour for 23 days

60 U/kg bolus, 12 U/kg/hour
for <3 days

5,000 U bolus, 30,000 U
over 24 hours for 4 days

60 U/kg bolus (omitted if open-

label UFH received within

End point description

Death 30 days; in-hospital MI; major in-hospital
haemorrhage (requiring transfusion or
intervention because of haemodynamic
compromise)

Death 30 days; in-hospital MI; major in-hospital
haemorrhage (requiring transfusion or
intervention because of haemodynamic
compromise)

Death or MI 30 days; TIMI major in-hospital
haemorrhage*

Death, Ml or TIMI major haemorrhage* 30 days
Death, Ml or re-admission with unstable
angina 90 days; major haemorrhage (clinically

significant) on study drug

Death, MI or TIMI major haemorrhage* 30 days

3 hours), 12 U/kg/hour for 23 days

*TIMI major bleeding defined as decrease in haemoglobin of more than 5 mg/dL or intracranial or pericardial bleeding
Key: ASSENT = Assessment of the Safety and Efficacy of a New Thrombolytic Agent; ENTIRE = Enoxaparin and TNK-tPA with or without GP IIb/llla Inhibitor as Reperfusion Strategy;
EXTRACT = Enoxaparin and Thrombolysis Reperfusion for Acute Myocardial Infarction Treatment; HART = Heparin and Aspirin Reperfusion Therapy; Ml = myocardial infarction;

TIMI = Thrombolysis in Myocardial Infarction
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major haemorrhage and ICH in patients 275
years associated with enoxaparin.3! Indeed all
ICH occurred in patients 275 years (interaction
between age and bleeding risk p=0.04)
suggesting dose reduction in the elderly was
required. Pooled analysis of ASSENT-3 and
ASSENT-3 PLUS demonstrated a benefit in

the composite efficacy and safety end point for
enoxaparin compared with tenecteplase, 3?33 but
raised safety concerns about pre-hospital use in
women 275 years.

Meta-analysis of UFH or LMWH
in STEMI

In a large meta-analysis, designed to clarify the
efficacy and safety of UFH and LMWH in STEMI
patients receiving fibrinolytic therapy, Eikelboom
et al. found that UFH did not significantly reduce
re-infarction or death compared with either

no heparin or placebo, despite an increase in
minor and major bleeding.!® In contrast, LMWH
given for 4-8 days compared with placebo
reduced death by ~10% at day 7 and day 30,
and reduced re-infarction by one-quarter, albeit
with an increase in minor and major bleeding.
Compared with UFH, LMWH significantly
reduced re-infarction by nearly 50% and non-
significantly reduced death at day 7 and day
30, with an increase in minor bleeding but

no significant increase in major bleeding. A
recent meta-analysis of 27,131 STEMI patients
confirmed the superior net clinical benefit (lower
death/MI/major bleeding) with enoxaparin
compared with UFH.Y”

Enoxaparin versus UFH

Enoxaparin and Thrombolysis Reperfusion

for Acute Myocardial Infarction Treatment
(EXTRACT)-TIMI 25, a large phase IlIb study

of 20,475 STEMI patients scheduled to receive
fibrinolytic therapy, investigated whether
compared with UFH, weight and age (=75 years)
adjusted enoxaparin, would reduce 30-day
death/MI.343% UFH was given as a 60 U/kg bolus,
followed within 15 minutes by a 12 U/kg/hour
infusion for 248 hours (target aPTT 1.5-2.0x
control). Enoxaparin was given using a novel
protocol (summarised in table 2) with a 30 mg

iv bolus followed 15 minutes later by a weight-
adjusted s/c dose of 1 mg/kg twice daily (first two
injections maximum 100 mg). Of importance, in
patients =75 years, the enoxaparin dosing strategy
was reduced (no initial i.v. bolus, s/c dose 0.75
mg/kg, first two injections maximum 75 mg).

Also, as enoxaparin is renally excreted, in patients
with impaired renal function (creatinine clearance
[CrCl] <30 ml/minute), the enoxaparin dose
frequency was reduced to once a day.

Patients randomised to enoxaparin compared
with UFH showed a 17% relative risk (RR)
reduction in 30-day death/MI (9.9% vs. 12%;
p<0.001 — figure 1). Major bleeding rates were
lower than previous studies, although 30-day
major bleeding (TIMI definition) was higher with
enoxaparin (2.1 vs. 1.4%; RR 1.53, 95% ClI
1.23-1.89). Notably, there was no difference

in rate of ICH (0.8 vs. 0.7%; p=0.14) and the
balance of efficacy and safety (net clinical benefit)
significantly favoured enoxaparin over UFH. It
could be argued that given the difference in
treatment duration (UFH stopped after 48 hours
as per American Heart Association/American
College of Cardiology [AHA/ACC] guidelines,
enoxaparin given a median of seven days),
EXTRACT was a comparison not only of drugs
but of treatment strategies. Nevertheless, at

48 hours the major secondary end point of
death/Ml/urgent revascularisation was already
reduced with enoxaparin (6.1 vs. 5.3%; RR 0.88,
95%Cl 0.79-0.98; p=0.02). While a rebound
phenomenon after stopping UFH heparin is

well recognised and was also seen in EXTRACT,
there are no data to show continuing UFH
infusion beyond 48 hours is beneficial. One-year
follow-up showed the reduction of death/MI with
enoxaparin remained significant (15.8 vs. 17.0%;
HR 0.92, 95% Cl 0.86-0.98; p<0.01).

EXTRACT and high-risk subgroups

Elderly patients: Reduced enoxaparin dosing in
patients 275 years (no i.v. bolus, 0.75 mg/kg
s/c dose) and once-daily frequency in those

with impaired renal function (typically more
common in elderly patients) reduced the major
bleeding tendency previously observed with
full-dose treatment in ASSENT-3 PLUS but did
not adversely affect the efficacy:safety balance,
with similar absolute risk reduction and numbers

Table 2. EXTRACT TIMI 25 fibrinolytic and adjunct therapy protocol for ST-elevation

myocardial infarction (STEMI)

Antiplatelet therapy

» Aspirin (in the UK, typically 300 mg non-coated aspirin, then 75 mg daily)

Anticoagulant therapy

Patients <75 years:

* 30 mg i.v. bolus enoxaparin given before fibrinolytic therapy (unless 24,000 U UFH within

past 3 hours)

» 15 minutes after i.v. bolus (and fibrinolytic therapy), give 1 mg/kg s/c bolus enoxaparin

(max 100 mg) b.d.

* Check U&E — if eGFR <30 ml/minute reduce s/c dosing schedule from b.d. to once a day

Patients >75 years:
*  NOi.v. bolus

 0.75 mg/kg s/c bolus enoxaparin (maximum 75 mg) b.d.

» Check U&E — if eGFR <30 ml/minute reduce s/c dosing schedule from b.d. to once a day

Fibrinolytic therapy

Patients requiring subsequent PCI

* Previous s/c bolus <8 hours: no additional enoxaparin

*  Previous s/c bolus between 8-12 hours: 0.3 mg/kg i.v. enoxaparin top-up

Key: EXTRACT TIMI = Enoxaparin and Thrombolysis Reperfusion for Acute Myocardial Infarction Treatment —
Thrombolysis in Myocardial Infarction; eGFR = estimated glomerular filtration rate; i.v. = intravenous; PCl = percutaneous
coronary intervention; s/c = subcutaneous; U & E = urea and electrolytes; UFH = unfractionated heparin
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Figure 1. EXTRACT TIMI 25 study: 30-day death or re-infarction in patients with ST-
elevation myocardial infarction (STEMI) treated with fibrinolytic therapy
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Figure 2. Events per 1,000 patients treated with enoxaparin compared with

unfractionated heparin according to age
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needed to treat in elderly and younger patients
(figure 2).36

Renal dysfunction: In EXTRACT,% each

10 ml/minute decrease in CrCl was associated with
increased death (OR 1.34; p<0.001) and 30-day
death/MI (OR 1.20; p<0.001), which remained
independent after adjustment for baseline variables.
The treatment benefit for 30-day death/MI with
enoxaparin was most marked with normal or minor
renal dysfunction (CrCl >90 ml/minute: 5.1% vs.
7.3%; p<0.001, CrCl = 60-90 ml/minute: 9.6%
vs. 12.1%; p<0.001) and less apparent with
moderate-to-severe renal dysfunction

(CrCl = 30-60 ml/minute: 19.4% vs. 19.4%;
p=not significant [ns], CrCl <30 ml/minute: 33.0%
vs. 37.7%; p=ns). Major bleeding rates were
similar for CrCl >90 ml/minute, but more frequent
in enoxaparin patients with lower CrCl.

PCl subsequent to fibrinolytic therapy: The large
EXTRACT-PCI substudy®® (n=4,676) was the first
to describe outcomes of patients undergoing PCI
subsequent to fibrinolytic therapy in the setting of
LMWH, 68% of whom received clopidogrel prior
to PCI. Enoxaparin compared with UFH showed
a 23% reduction in 30-day death/MI (10.7%

vs. 13.8%; p=0.001), the difference emerging
prior to PCI and persisting during follow-up.
Interestingly, enoxaparin resulted in lower death/
MI, irrespective of whether patients underwent
PCI without discontinuation of study drug (14.2%
vs. 18.9%; p=0.018) or had discontinued prior
to PCl and then resumed anticoagulant treatment
at the time of PCI (5.9% vs. 14.4%; p=0.004).
Fewer enoxaparin-treated patients required
clinically driven urgent PCI (22.8% vs. 24.2%;
p=0.027). Major (1.4% vs. 1.6%; RR 0.87) and
minor bleeding rates at 30 days were similar

and there was no difference in ICH rates with
enoxaparin and UFH (0.2% vs. 0.4%; p=0.18).
Indeed the incidence of overall stroke was lower
with enoxaparin (0.3% vs. 0.9%; p=0.006).

Other subgroups: The benefit of enoxaparin was
primarily seen in those achieving early complete
(>70%) ST segment resolution (death/MI 2.4%
vs. 6.7%; p=0.001).3° As there was no difference
in rates of complete ST segment resolution this
confirms the main benefit of enoxaparin is by
reducing re-occlusion rather than facilitating
early reperfusion. A similar mechanism probably
underlies the benefit shown for adjunctive
clopidogrel in the Clopidogrel as Adjunctive
Reperfusion Therapy (CLARITY) trial.“ Of
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relevance to UK in-hospital practice, the benefit
of enoxaparin was preserved regardless of the
fibrinolytic agent.*!

Safety and efficacy of adjunct
LMWH to fibrinolytic therapy with
concurrent clopidogrel

Many UK units now routinely administer the
P2Y12 adenosine-diphosphate receptor blocker
clopidogrel along with aspirin and fibrinolytic
therapy for STEMI given the improvement in
patency and decrease in ischaemic events in
the CLARITY-TIMI 28 trial*? and reduction in
mortality in the Clopidogrel and Metoprolol in
Myocardial Infarction Trial (COMMIT/CCS-2)
study.*® In CLARITY, adjunct anticoagulant
treatment was allowed with either LMWH

or UFH — a design that enabled comparison

of angiographic and clinical outcomes for
LMWH versus UFH in a prospective cohort of
patients randomised to clopidogrel or placebo.
LMWH was associated with a lower rate of
death/Ml/occluded infarct-related artery by
discharge (13.5% vs. 22.5%, adjusted OR 0.76;
p=0.027) and lower 30-day death/MI (6.9% vs.
11.5%, adjusted OR 0.68; p=0.030). Despite
this augmented treatment strategy, rates of 30-
day TIMI major bleeding were similar in LMWH
and UFH groups (1.6% vs. 2.2%; p=0.27) and
ICH (0.6% vs. 0.8%; p=0.37).44

EXTRACT-TIMI 25 enabled further assessment
of combination LMWH and clopidogrel by
comparing those who did (n=1,663) or did

not (n=13,736) receive clopidogrel for ‘post-
MI medical therapy’ at the discretion of their
treating physician (excluding patients who
required clopidogrel for a post-PCl indication).*®
In enoxaparin patients, those also treated

with clopidogrel showed 39% reduction in
30-day death/MI, while those not treated

with clopidogrel showed 14% reduction (p-
interaction=0.32). The absolute risk difference
(ARD) in TIMI major bleeding with enoxaparin
over UFH was comparable in those who were,
or were not treated with clopidogrel (ARD 1.1%
vs. 0.7%; p-interaction=ns) and there was

no difference in ICH (ARD 0.2% vs. 0.3%; p-

interaction=ns). Both substudies’ results suggest

addition of clopidogrel to an anticoagulant/
fibrinolytic/aspirin strategy appears safe and
effective for STEMI although individual cardiac
departments should evaluate the above data in
the context of their current practice.

Practical implications for
transition to the PCI lab

As enoxaparin becomes more widely employed
for STEMI management, it is helpful to note
previous Superior Yield of the New Strategy of
Enoxaparin, Revascularisation and Glycoprotein
[Ib/Illa Inhibitors (SYNERGY) trial data,*® which
highlighted the importance of avoiding switching
between anticoagulant agents before PCI.

One approach has been to omit the previous
1-2 doses of enoxaparin and then administer
conventional UFH in the cath lab. However,
this leads to a period of low anticoagulant
cover, pre-PCl, at a time when optimal cover
would be desirable. A preferable approach

may thus be to continue enoxaparin peri-
procedurally as per the EXTRACT-PCI protocol.
As the pharmacokinetics of enoxaparin are well
understood and predictable (figure 3),¢ no
additional enoxaparin is required if the previous
s/c injection has been given within eight hours.
Between 8-12 hours, to maintain optimum
anti-Xa levels (0.5-1.2 IU/ml), enoxaparin i.v.
(0.3 mg/kg) top-up should be given. Following
PCI, unless a closure device is used, the sheath
should be removed =6 hours after the last dose
of study drug. The role of LMWH in primary
PCl awaits further evaluation in the Acute
STEMI Treated with primary angioplasty and

intravenous enoxaparin Or UFH to lower ischemic
events at short and Long-term follow-up (ATOLL)
trial. However, a substudy of the Facilitated
Intervention with Enhanced Reperfusion Speed
to Stop Events (FINESSE) trial (enoxaparin
n=759; UFH n=1,693) in patients undergoing
primary PCI with or without facilitation with
abciximab +/- reteplase found reduced TIMI
major bleeding (2.9% vs. 4.6%; p=0.043) and a
trend to reduced 90-day death (3.8% vs. 5.6%;
p=0.061) in those receiving enoxaparin.*

Conclusion

The role of adjunct UFH to fibrinolytic therapy

in STEMI is now strongly challenged by newer
anticoagulants. The evidence base is strongest for
LMWH, with a strategy of enoxaparin given during
the index hospitalisation associated with superior
net clinical benefit to a bolus plus 48 hours
infusion of UFH. Dose adjustment of enoxaparin
for weight, renal function and age (275 years)
reduces bleeding risk compared with previous
studies while retaining efficacy outcomes @
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Figure 3. Anti-Xa activity following subcutaneous injection of enoxaparin +/- intravenous

top-up

Anti-Xa (IU/ml)

0 4 8

1‘ Time (hours)
s/c injection
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Key: i.v. = intravenous; s/c = subcutaneous
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® The Enoxaparin and Thrombolysis
Reperfusion for Acute Myocardial Infarction
Treatment — Thrombolysis in Myocardial
Infarction (EXTRACT-TIMI) 25 study
found enoxaparin was associated with
superior net clinical benefit to conventional

® Appropriate adjustment of enoxaparin
dose for age 275 years, weight and renal
function helps minimise bleeding risks
while retaining clinical efficacy

Key messages

® New anticoagulants being studied in ST-
elevation myocardial infarction (STEMI)
include factor Xa inhibitors, direct
thrombin inhibitors and low molecular

weight heparin
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