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Summary

Appropriate antithrombotic therapy in pa-
tients with ST-elevation myocardial infarction
(STEMI) helps reducing major cardiovascular
events and bleeding complications. The major-
ity of patients presenting with STEMI in
Switzerland are referred for early reperfusion
therapy. Primary percutaneous coronary in-
tervention (PCI) has become the preferred
reperfusion strategy and replaced the use of
fibrinolysis in many hospitals. Optimal anti-
thrombotic treatment is particularly impor-
tant during mechanical intervention at the
thrombotic coronary occlusion site due to acti-
vation of platelets and the clotting cascade.

The combination of aspirin, clopidogrel,
and glycoprotein IIb/IIIa inhibitors is recom-
mended for STEMI patients undergoing pri-
mary PCI. Unfractionated heparin has been
used for many years as antithrombin of choice
in these patients; it is usually started at the
time of presentation and is continued during
PCI. The direct thrombin inhibitor bil-
valirudin has emerged as promising an-
tithrombotic agent for primary PCI, and a bi-
valirudin alone strategy without GP IIb/IIla
inhibitor may be especially useful for elderly
patients or those with increased risk of bleed-
ing. Antithrombotic treatment regimens for
STEMI patients managed conservatively or
with fibrinolysis differ from those undergoing
primary PCI. Extended-duration therapy with
either enoxaparin or fondaparinux for up to 8
days has emerged as antithrombotic regimen
of choice for patients not undergoing primary
PCIL

This article intends to serve as a practical
guide to interventional cardiologists and other
interested physicians managing patients with
STEMI. Current options of anticoagulant drug
regimens are summarized from a practical
point of view, with special attention to the pri-
mary management strategy.
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Antithrombin treatment
strategies for patients with
ST-elevation myocardial

Introduction

The clinical outcome of patients with ST-eleva-
tion myocardial infarction (STEMI) has dra-
matically improved since the introduction of
fibrinolysis and primary percutaneous coro-
nary intervention (PCI). Although fibrinolysis
is still the most common method of reperfusion
worldwide, rapid transfer to a cardiac
catheterisation laboratory with primary PCI
has evolved as the preferred reperfusion ther-
apy in Switzerland. Well-balanced antithrom-
botic therapy is especially important for a suc-
cessful and stable recanalisation of the throm-
botic coronary occlusion site without an in-
crease in severe bleeding complications.

International consensus guidelines on an-
tithrombotic treatment in the STEMI setting
are updated on a regular basis [1, 2], and pro-
vide rather general than practical recommen-
dations for the various antithrombotic treat-
ment regimens. The authors have reviewed
the available evidence of antithrombin treat-
ment regimens during an expert consensus
conference (see acknowledgement). In accor-
dance with a recently published article on the
antithrombotic management of patients with
Non-ST elevation myocardial infarction [3],
this article provides practical dose schemes of
various antithrombic treatment strategies in
STEMI patients with special attention to the
primary management strategy: primary PCI,
fibrinolysis or conservative management with-
out reperfusion.
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Figure 1

The classical antithrombotic
strategy using unfractiona-
ted heparin for STEMI
patients undergoing primary
PCI. At presentation, acetyl-
salicylic acid is administered
at a dose of 500 mg (per os,
or IV) and clopidogrel at a
dose of 300 mg or 600 mg.
Intravenous UFH is given as
bolus and infusion. The UFH
dose during PCl will be ad-
justed according to the ACT
target. Note that the ACT
target depends on the use
of glycoprotein Ilb/llla
inhibitors.

Unfractionated heparin

Primary PCI

Unfractionated heparin (UFH) is the most
commonly used antithrombin agent in STEMI
patients referred for primary PCI. Advantages
of UFH include its long history of use, low cost,
and rapid reversibility by protamin in case of
bleeding complications. UFH is immunogenic
by binding to platelet factor 4 with the risk of
heparin-induced thrombocytopenia. Because
of its inconsistent effect in individual patients,
UFH requires close anticoagulant monitoring.
UFH is administered upstream prior to coro-
nary angiography as intravenous bolus and a
continuous infusion (fig. 1). In most patients,
additional UFH is administered during pri-
mary PCI according to the activated clotting
time (ACT) obtained during coronary angio-
graphy.

Primary PCI with UFH usually requires
combination with GP IIb/IITa inhibitors. Dose
regimens for the GP IIb/IIla inhibitors
tirofiban, eptifibatide and abciximab are given
on the table 1. Note that tirofiban requires
dose-halving with a creatinin clearance of less
than 30 ml per minute, while abciximab does
not need dose adjustment with renal insuffi-
ciency.

ASS + clopidogrel 300-600 mg
+ UFH 60-70 U/kg bolus IV
+ UFH 12 U/kg/h infusion (max. 1000 U/h)
+ GP llb/llla inhibitor

UPSTREAM

Y

coronary angiography
measurement of ACT prior to PCI

PCI

Y

additional UFH dosing to achieve ACT target:
+ GP lIb/llla: 200-250 s
— GP lIb/llla: 250-350 s
continue GP lIb/llla post PCI if initiated upstream or at PCI

Table 1
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Fibrinolysis or conservative
management

In STEMI patients, thrombin activity is en-
hanced and plays a key role in promoting
thrombus formation. Paradoxically, fibrinolysis
further worsens the prothrombotic state and
platelet activation by releasing a pool of trapped
thrombin  during the course of clot
lysis [4]. Although UFH impedes thrombin ac-
tivity associated with thrombolysis, it does not
inhibit thrombin generation, which in turn pre-
dicts subsequent thrombotic events [5]. Both,
enoxaparin and fondaparinux inhibit the coag-
ulation cascade earlier and may therefore prove
more effective than UFH in STEMI patients
managed with fibrinolysis.

According to current international consen-
sus guidelines [1, 2], UFH may still be used for
patients not undergoing primary PCI. However,
it is now recommended to administer UFH no
longer than 48 hours due to he risk of heparin-
induced thrombocytopenia [1, 2, 6]

Bivalirudin

Primary PCI

In STEMI patients managed with primary PCI,
a bivalirudin alone strategy appears as
effective as but safer than a strategy with
UFH plus GP IIb/IIla inhibitors. The risk of
severe bleeding complications i1s lower with
bivalirudin as compared with UFH plus GP
IIb/I11a inhibitors [7]. Most STEMI patients re-
ceive UFH as initial antithrombin at presenta-
tion prior to referral to the catheterisation lab-
oratory (fig. 2). If a bivalirudin strategy is cho-
sen, no UFH infusion is required during a rapid
transport to the catheterisation laboratory. Of
note, bivalirudin can be combined with GP
IIb/IIIa inhibitors in case of giant thrombus,
distal embolisation, or no reflow (bail-out indi-
cation), without an increase in major bleeding
complications [7, 8]. Because of the small risk of
acute stent thrombosis <24 hours with a bi-
valirudin alone strategy, it appears useful to ini-
tiate clopidogrel pre-treatment (preferably
600 mg) already at presentation. Due to the

Dose regimens for the GP IIb/llla inhibitors tirofiban, eptifibatide and abciximab.

Dose regimen bolus

Tirofiban 25 mg/kg 3-min-bolus IV
Eptifibatide 180 mg/kg bolus IV
(second bolus after
10 minutes for PCI)
Abciximab 0.25 mg/kg bolus IV

infusion
0.15 mg/kg/min IV for 18 h
2 mg/kg/min IV for 72-96 h

0.125 mg/kg/min IV for 12-24 h
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Figure 2

The bivalirudin alone strat-
egy for patients undergoing
primary PCl. Upstream treat-
ment is initiated using an
intravenous UFH bolus. If
the patient is rapidly trans-
ferred to the catheterisation
laboratory, no additional
UFH infusion is adminis-
tered. A wash-out period of
UFH of 30 minutes is recom-
mended before starting bi-
valirudin. Bivalirudin does
not require anticoagulant
monitoring nor does it need
dose reduction with renal
insufficiency. In dialysis pa-
tients, the infusion rate but
not the bolus should be
reduced to 0.25 mg/kg/h.
Note that bivalirudin can

be safely combined with GP
lIb/Illa inhibitors during PCI
in case of giant thrombus,
distal embolisation, or no
reflow phenomenon.

See figure 1 for ASS and
clopidogrel management.

Figure 3

Antithrombotic treatment regimens for STEMI patients not
undergoing primary PCl. These regimens apply for patients
managed conservatively or with fibrinolysis. Note that the Y
enoxaparin IV bolus is omitted and the SC dose reduced in
patients >75 years of age. In patients with creatinin clear-
ance of less than 30 ml per minute, the enoxaparin dose
needs to be adjusted to 1 mg/kg/24 h SC. Fondaparinux
2.5 mg once daily is an alternative to enoxaparin. The first
dose is given intravenously at presentation, whereas all
other doses are administered subcutaneously. Note that
fondaparinux should not be administered in patients with
creatinin clearance of less than 20 ml per minute. If UFH is

for no more than 48 hours due to the risk of heparin-
induced thrombocytopenia. Be aware that the dosing regi-
mens for enoxaparin, fondaparinux, and UFH are identical
for patients with and without fibrinolysis.

In case of subsequent PCl during the index hospitalisation,
switch of antithrombotic agents during PCl is generally

age <75:
enoxaparin 30 mg IV UFH 60 U/kg IV
followed by .
1 ma’ka/12 h SC fondaparinux (max. 400 U)
z eg>75_ 2.5 mg/d SC + 12 U/kg/h infusion
g& =8 (max. 1000 U/h)
enoxaparin
0.75 mg/kg/12 h SC
chosen as antithrombotic agent, it should be administered Y Y Y
+ fibrinolysis
Y Y Y

ASS + clopidogrel 300-600 mg
+ UFH 60 U/kg bolus IV

UPSTREAM

Y

coronary angiography
UFH wash-out 30 minutes

\
bivalirudin 0.75 mg/kg bolus IV; 1.75 mg/kg/h infusion|
PCI
Y
bail-out use of GP lIb/llla inhibitors if giant thrombus
or no reflow

short half-life of 25 minutes, it appears also use-
ful to continue the bivalirudin infusion after
conclusion of the PCI procedure until the com-
plete amount of the bivalirudin vial (250 mg)
has been used.

Fibrinolysis or conservative
management

Currently, bivalirudin has no role for STEMI
patients managed conservatively or with fibri-
nolysis.
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Enoxaparin

Primary PCI

In the absence of large randomised controlled
trials, enoxaparin has not been recommended
for patients managed with primary PCI.

Fibrinolysis or conservative
management

In a systematic review of available data, enoxa-
parin is more effective than UFH with a higher
risk of major bleeding complications in STEMI
patients who are managed with fibrinolysis [9,
10]. Overall, the benefit/risk ratio defined as
death, recurrent myocardial infarction and ma-
jor bleeding is in favour of enoxaparin [11, 12].
Enoxaparin is recommended for up to 8 days or
until discharge (whatever comes first) in
STEMI patients managed conservatively or
with fibrinolysis. In case of subsequent PCI dur-
ing the index hospitalisation, intravenous
enoxaparin can be used during the interven-
tion, depending on the time of the last subcuta-
neous injection (fig. 3). Due to the lack of data,
other low-molecular weight heparins than
enoxaparin are not recommended for this indi-
cation.

ASS + clopidogrel 300 mg

Continue enoxaparin SC
for up to 8 days.

discouraged. In patients who have received the last enoxa-
parin upstream injection more than 8 hours ago, 0.3 mg/kg
enoxaparin IV is given during PCI. If the last enoxaparin

SC injection is more than 12 hours ago, the IV enoxaparin
dose should be increased to 0.75 mg/kg for PCI. In patients
who have received upstream fondaparinux, the use of UFH
is recommended during PCI. In case of UFH upstream use,
PCl should be performed either with UFH or with bivalirudin
(see fig. 2). See figure 1 for ASS and clopidogrel manage-
ment.

In case of subsequent
PCl add enoxaparin
0.3 mg/kg IV if last

dose >8 h.

Continue fondaparinux SC
for up to 8 days.
In case of subsequent
PCl add UFH
50-60 U/kg IV.

Continue UFH infusion
forupto48h
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Fondaparinux

Primary PCI

Fondaparinux is not recommended in STEMI
patients managed with primary PCI due to in-
creased risk of cardiovascular events in com-
parison to treatment with UFH.

Fibrinolysis or conservative
management

Similar to enoxaparin, fondaparinux is recom-
mended in patients with STEMI, who are man-
aged conservatively or with fibrinolysis, for up
to 8 days or until discharge (whatever comes
first) (fig. 3).

In case of subsequent PCI during the in-
dex hospitalisation, fondaparinux cannot be
used as sole antithrombin agent during PCI
due to an increased rate of guiding catheter
thrombosis [13, 14]. Therefore, intravenous
UFH is required during PCI of STEMI pa-
tients who received fondaparinux upstream to
avoid this rare but potentially fatal complica-
tion, although more data are required to con-
firm the efficacy and safety of such a strategy
[15].

Conclusions

For STEMI patients managed with primary
PCI, UFH in combination with GP IIb/IIIa in-
hibitors currently remains the most often used
antithrombotic treatment regimen. In elderly
STEMI patients or those with an increased
bleeding risk, a bivalirudin alone strategy is
becoming an increasingly popular antithrom-
bin strategy for primary PCI due to a marked
reduction in bleeding complications without
significant increase in thrombotic events.

For STEMI patients managed conserva-
tively or with fibrinolysis, UFH is no longer
standard treatment. For this indication, ex-
tended-duration enoxaparin or fondaparinux
for up to 8 days have emerged as preferred
antithrombin treatment options. In case of
subsequent PCI, additional intravenous
enoxaparin can be use during the intervention,
whereas periprocedural UFH is required in
patients who have received upstream fonda-
parinux.
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