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Coronary heart disease is the number one cause of death in the world and acute
coronary syndromes (ACS) continue to be associated with high rates of morbidity.
ACS refers to the spectrum of acute myocardial ischemia, including unstable angina,
ST segment elevation myocardial infarction (STEMI), and acute MI without ST segment
elevation (NSTEMI). Current guidelines indicate both aspirin and glycoprotein IIb/IIIa
receptor antagonists (if catheterization/revascularization are planned) as class IA 
recommendations in ACS. Anticoagulant therapy, in the form of heparin, is a class
IA recommendation for the acute hospital phase of ACS. The risk of recurrent thrombotic
events following ACS remains high in the post-hospital phase, creating a rationale for
the use of oral direct thrombin inhibitors such as ximelagatran, in both the acute and
long-term settings. The Efficacy and Safety of the Oral Direct Thrombin Inhibitor
Ximelagatran in Patients with Recent and Myocardial Damage (ESTEEM) trial, a
placebo-controlled, double-blind study of post-MI patients, evaluated 4 dosing regimens
of ximelagatran versus placebo in the initial months following an ACS and found an
encouraging reduction in the end points of death, MI, and stroke with the use of an
oral direct thrombin inhibitor.    
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Coronary heart disease (CHD) is the number 1 cause of death in the
world.1 An estimated 700,000 people in the United States had a new
CHD event, either myocardial infarction (MI) or CHD death,2 in 2001

and 500,000 people had a recurrent event.  CHD morbidity is closely related to
the aging of the population, with 84% of CHD deaths occurring among people
aged 65 or older.  There are over 2 million annual hospital discharges for CHD,
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of which about half are related to
acute coronary syndromes (ACS).
The total estimated cost of CHD in
the United States for 2001 was
$133.2 billion.2

ACS is a term that refers to the spec-
trum of acute myocardial ischemia,
including unstable angina, ST-seg-
ment elevation myocardial infarc-
tion (STEMI), and acute myocardial
infarction without ST segment eleva-
tion (NSTEMI).3 Just as pathophysi-
ology is similar across the spectrum
of ACS, most of the same therapies,
including antithrombotic agents, are
effective for varying ACS presenta-

tions. Over the past decade, there has
been a shift in the pattern of ACS, such
that a smaller proportion of acute MI
is characterized by ST elevation and a
larger proportion is non-ST elevated.4

This may relate to the aging of the
population, as ST elevation is less
frequent among older patients, as
well as to more thorough detection
of MI through the use of the bio-
marker troponin. Whereas patients
with STEMI generally have a higher
in-hospital rate of mortality, patients
presenting with ST depression have
higher rates of mortality at 6 months
post-event and beyond, which can
be attributed to their older age and
greater burden of underlying disease.5

Though intense antithrombotic
treatment is focused on the early in-
hospital phase of patient recovery,
half of recurrent MIs occur after the
first several days. The risk of transition
from the acute to the post-hospital
phase of management is compound-
ed by the phenomenon of heparin
“rebound,” an increased risk of reac-

tivation in the hours after discon-
tinuation of antithrombin therapy.
Thus, more effective acute and post-
discharge antithrombotic therapies
are needed to improve the outcome
of patients with ACS.6

Pathogenesis of Acute
Coronary Syndromes
The initiating pathophysiologic event
of ACS is instability and rupture of 
a coronary artery atherosclerotic
plaque.7 Plaque characteristics that are
related to high likelihood of disrup-
tion and rupture include high lipid
content, inflammation (including

macrophage and T-lymphocyte activ-
ity at the plaque shoulder), metallo-
proteinase activity, and thinning of
the fibrous cap. Growing plaques
appear to be more vulnerable than
well-established, more severely
stenotic lesions. 

Plaque rupture results in turbulence
and increased shear forces, exposure
of fatty gruel and tissue factor, and
activation of platelets and the coagu-
lation cascade with fibrin formation
and resulting thrombus formation.
The combination of thrombus forma-
tion, underlying stenosis, and coro-
nary spasm can result in limitation
of myocardial blood flow and
myocardial ischemia. Embolization
of platelet and fibrin microaggregates
from the area of coronary thrombosis
has been recognized as an important
cause of microvascular dysfunction
and ischemia.8 Serial embolization
from active plaques may cause micro-
scopic myocardial necrosis and ele-
vation of troponin, which is both a
sensitive marker of necrosis as well

as one with a long half-life that allows
accumulation of serial releases to rise
to detectable levels. Even slight levels
of troponin elevation are important
in the establishment of diagnosis
and prognosis in patients with sus-
pected ACS.3 This is in part due to
troponin’s ability to identify patients
with true coronary plaque rupture.

Clot formation is a complex
process that involves interaction
among the platelet, the coagulation
system, and the injured vessel wall.
The coagulation cascade is no longer
viewed as a simple, sequential, linear
process, but rather as a highly com-
plex interactive series of events that
includes exposure of tissue factor,
binding of tissue factor to Factor
VIIa, which leads to the formation
of the prothrombinase complex
(Factor Xa, Factor Va, calcium, and
phospholipid surface) and activates
prothrombin to thrombin. Thrombin
thereby catalyzes the cleavage of fib-
rinogen to fibrin. Thrombin is also
involved in feedback amplification
of the cascade, as well as serving as 
a potent activator of platelets. 
Thus, thrombin is a central factor 
in the generation of thrombus in
ACS. Ultimately, clot propagation 
is a balance of forces that include
coagulation, anticoagulation (includ-
ing endogenous anticoagulant fac-
tors C and S), fibrinolysis, and
antifibrinolysis.

Although interventional manage-
ment of ACS focuses on the “culprit”
lesion, evidence suggests that plaque
instability and atherothrombosis is
often a diffuse process that may
involve more than 1 location in the
coronary system. Studies have found
that markers of inflammatory activa-
tion are also increased in the venous
drainage of the left coronary system,
even if the culprit lesion is in the
right coronary system.9 Intravascular
ultrasound shows that even among
patients with angiographically mild
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Although interventional management of ACS focuses on the “culprit”
lesion, evidence suggests that plaque instability and atherothrombosis is
often a diffuse process that may involve more than 1 location in the
coronary system.  



disease, extensive atherosclerosis is
often present.10 Autopsy studies also
show that diffuse disease including
multiple areas of coronary thrombosis
are common. These findings support
management of ACS with systemic
therapies, including potent anti-
thrombotic treatments.

Coronary thrombosis can be visu-
alized by angioscopy for weeks fol-
lowing acute MI11 and the coagulation
system remains activated for months
following ACS.12 The epidemiology
of recurrence of clinical events is
consistent with laboratory evidence,
demonstrating that an activated,
high-risk state exists for weeks 
or even months following the acute
presentation, especially among
patients not undergoing revascular-
ization.13 Trials have shown that
weeks or months of anticoagulant
treatment can prevent events dur-
ing this high-risk period.13 Even in
clinical trials, which tend to select
lower-risk patients than seen in gen-
eral practice, the occurrence of death
or (re)infarction within 30 days of
presentation occurs in over 14% of
patients with the highest risk fea-
tures.14 Older patients, those with
elevated cardiac markers, and those
with ST segment shift on the pre-
senting ECG are at especially high
risk for both short- and long-term
recurrent events.3

There is experimental and clinical
evidence of rebound or reactivation
of thrombosis upon discontinuation
of antithrombin therapy15 (includ-
ing heparin, low molecular weight
heparin, and direct thrombin
inhibitors), supporting the need for
effective antithrombotic treatments
that can bridge the acute hospital
phase with the post-hospital phase
of persistent high risk for recurrent
thrombosis. Availability of easy-to-
use, effective oral anticoagulants
could provide an important means
to achieve this goal.

Current Recommendations 
for Antithrombotic
Management of ACS
Acute management of ACS includes
use of antithrombotic therapy to
prevent ongoing and new thrombo-
sis, at least until the time of coro-
nary intervention. Consistent with
pathophysiologic evidence of the
contribution of both platelets and
thrombin, antiplatelet and anticoagu-
lant therapies are effective in improv-
ing clinical outcomes.

American College of Cardiology/
American Heart Association guide-
lines3 (Table 1) call for aspirin in
doses of 81 mg to 325 mg daily as a
class IA indication for treatment of
the entire spectrum of ACS, based
on many large, randomized trials.
Glycoprotein IIb/IIIa receptor antag-
onists, which appear to be especially
effective at preventing MI before
and after procedures in higher-risk,
invasively treated patients, are a
class IA indication for patients with
planned invasive management. The
small molecule inhibitors (eptifi-
batide and tirofiban) are effective as
“up-front” treatments, whereas abcix-
imab should be reserved for patients

with imminently planned angioplas-
ty. Clopidogrel (when prescribed for
3 to 12 months) has been shown 
to reduce the incidence of vascular
events in a broad population of
patients with ACS,16 including
patients undergoing coronary angio-
plasty and stent placement. Because
of increased risk of major bleeding
after coronary artery bypass grafting
(CABG) among patients who have
received clopidogrel in the prior 5
days, many physicians wait until
after the diagnostic angiogram (for
patients scheduled to undergo
angiography in the early phase)
before starting clopidogrel, to avoid
having to delay surgery for those
who need it.

Anticoagulant therapy, in the 
form of either unfractionated or low-
molecular-weight heparin, is a class IA
recommendation for the acute hos-
pital phase of ACS. Although recent
trials have not shown superiority 
of enoxaparin over unfractionated
heparin,14 an overview of large, ran-
domized trials shows that enoxa-
parin is modestly more effective
than unfractionated heparin in pre-
venting death and recurrent MI at
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Table 1
American College of Cardiology/American Heart Association 

Guidelines for Hospital Care and Antithrombotic Therapy, Post-Acute
Coronary Syndrome (Class I, Level of Evidence A)

Class I IIa IIb III

A Immediate aspirin; clopidogrel if no aspirin

A Aspirin plus clopidogrel, for up to 1 month

A Heparin (IV UFH, LMWH)

A Any GP IIb/IIIa inhibitor plus aspirin/
heparin for all patients, if catheteriza-
tion/PCI planned

GP, glycoprotein; IV, intravenous; LMWH, low-molecular-weight heparin; PCI, percutaneous
coronary intervention; UFH, unfractionated heparin.
Adapted from Braunwald et al.3



the cost of a modest increase in
bleeding.17 Even when an early inva-
sive strategy is planned, enoxaparin
is a reasonable alternative to unfrac-
tionated heparin. 

Direct thrombin inhibitors have
been shown to be more effective
than heparin at inhibiting thrombin
activity, as measured by fibrinopep-
tide A, the peptide cleavage product
that results during the formation of
fibrin.18 An overview of all large,
randomized, clinical trials, encom-
passing 36,000 patients, shows that
direct thrombin inhibitors, and
especially the bivalent hirudin-
based inhibitors, are modestly more
effective than heparin at reducing
MI in the broad spectrum of ACS.19

There was a 15% relative risk reduc-
tion in death or MI during treat-
ment with direct thrombin inhibitors
(P = .001). These findings support the
concept that direct thrombin inhibi-
tion in ACS is a clinically effective
approach. For patients with suspect-
ed or documented heparin-induced
thrombocytopenia, lepirudin or
bivalirudin are reasonable alternatives.

The longer-term benefits of anti-
coagulation therapy following acute
MI have been demonstrated with
the vitamin K antagonist warfarin.

In the Warfarin, Aspirin, Reinfarction
Study II (WARIS-II), there was a 20%
to 30% relative risk reduction in the
primary end point of death, MI, and
stroke with warfarin either instead
of (target INR 2.8-4.2) or in addition
to (target INR 2.0-2.5) low-dose
aspirin.20 The absolute rates of the pri-
mary end point were 20.0%, 16.7%,
and 15.0% with aspirin alone, war-
farin alone, and warfarin plus aspirin,

respectively. Warfarin was accompa-
nied by only a modest increase in
risk of bleeding. However, it has not
become a mainstay in treatment,
partly because of the inconvenience
and difficulty of adequately moni-
toring treatment and the concern
over major bleeding.

Ximelagatran in Acute
Coronary Syndromes
The rationale for the use of oral
direct thrombin inhibitors follow-
ing ACS is based on the observation

that, in spite of available antithrom-
botic therapies, the risk of recurrent
thrombotic events following ACS
remains high, both early and late
after presentation, when the coagu-
lation system remains activated. As
anticoagulants, direct thrombin
inhibitors have advantages over
heparin in that they are more pre-
dictable, potent agents that can inhib-
it clot-bound as well as free thrombin,

are neutralized by circulating pro-
teins such as platelet factor 4, and are
not dependent on anti-thrombin III.

Ximelagatran, the first in a new
class of oral direct thrombin
inhibitors, has the additional advan-
tage of allowing the extension of
treatment into the high risk, post-
hospital phase, thereby avoiding the
attendant risk of rebound reactivation
during the early high-risk period.
Ximelagatran is bioconverted to 
its active form, melagatran, which 
is primarily renally excreted.
Ximelagatran’s rapid onset of
action, predictable pharmacokinetic
profile, and 4 to 5 hour half-life allow
twice-daily dosing with dependable
anticoagulant effect.

ESTEEM Trial 
Ximelagatran’s anticoagulant efficacy
and safety have been well studied 
in atrial fibrillation and in preven-
tion of thromboembolism following
orthopedic surgery. The Efficacy and
Safety of the oral direct Thrombin
inhibitor ximelagatran in patiEnts
with rEcent and Myocardial damage
(ESTEEM) phase II trial provides the
first clinical outcome data for xime-
lagatran in ACS.21
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Figure 1. Combined endpoint efficacy results for ximelagatran versus placebo in the ESTEEM trial. MI, myocardial
infarction; SRI, severe recurrent ischemia. Data from Wallentin et al.21 

Direct thrombin inhibitors have been shown to be more effective than
heparin at inhibiting thrombin activity, as measured by fibrinopeptide A,
the peptide cleavage product that results during the formation of fibrin.
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ESTEEM Design
ESTEEM was a placebo-controlled,
double-blind, international study of
1883 post-MI patients, evaluating 
4 dosage regimens of ximelagatran
(Figure 1). The objective was to
determine the efficacy of ximelaga-
tran in addition to aspirin for pre-
vention of death, non-fatal recur-
rent MI, and severe recurrent
ischemia in high-risk patients who
were unlikely to undergo urgent
coronary intervention. Other
important end points included
stroke, bleeding, and blood tests,
including those for liver function
abnormalities.

Eligible patients had experienced
MI within the previous 2 weeks,
either with or without ST elevation,
and were also considered at high
risk for a recurrent event based on 
1 of the following criteria: older age
(≥ 65 years), diabetes, prior vascular
disease (MI, stroke, multivessel coro-
nary disease), heart failure, new left
bundle branch block or ST depression,
or history of hypertension. Patients
with recent prior or with planned
revascularization within 60 days,

known liver disease, or who were at
high risk of bleeding were excluded.
Because ximelagatran is renally
excreted, patients with severe renal
dysfunction (creatinine clearance <
30 ml/min) were also excluded.

Patients were randomized to 1 of
4 doses of ximelagatran (24 mg, 
36 mg, 48 mg, or 60 mg) twice daily
or placebo for 6 months (Figure 1).

The definition of severe recurrent
ischemia was a strict one, requiring
severe angina at rest in spite of opti-
mal therapy, plus new ischemic ECG
changes, elevation in cardiac markers
(not meeting MI definition), or
admission for unplanned coronary
angiography.

The baseline characteristics of the
study population were typical for
ACS trials, with the exception of
slightly older mean age of 69 years
(by design), 22% with prior MI, and
22% with diabetes. About two-thirds
had ST elevation MI, and the rest
had non-ST elevation MI. Patients
were enrolled an average of 6 days
after the index MI. Aspirin was used
at entry in 99% and heparin in 90%
of the population. 

ESTEEM Efficacy Results
Ximelagatran was significantly more
effective than placebo at reducing the
primary end point of death, MI, and
severe recurrent ischemia (P = 0.036).
There was no evidence of a dose-
dependent effect, with each dose of
ximelagatran having a lower rate of
the primary end point than placebo.
At 6 months, the rate of the primary
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a 6-month period in the placebo versus combined ximelagatran groups in the ESTEEM Trial. Reproduced with 
permission from Wallentin et al.21 
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end point was 12.7% in the ximela-
gatran groups and 16.3% in the
placebo group, or a 24% relative risk
reduction. The Kaplan-Meier curves
(Figure 2) show an early separation

and a sustained effect for the pri-
mary end point. Death and nonfatal
MI was reduced from 8.9% in place-
bo to 6.8% in the combined arms.
An important post-hoc analysis was
the impact on a composite throm-
botic clinical end point (death, MI,
and stroke), which was reduced by
34% (P = 0.01), from 11.1% to 7.4%
(Figure 3).

ESTEEM Safety Results
Major bleeding, defined as fatal or
associated with a 2 g/dL drop in
hemoglobin or at least a 2 unit
transfusion, was not significantly
higher with ximelagatran (1.8%)
than with placebo (0.9%). Whereas
major bleeding did not appear to be

dose-dependent and the number of
events was small, total bleeding
(major plus minor) was higher for
ximelagatran (21.9% vs 13.2%) and
increased as the dose increased.

Similar to what has been seen in
other trials, a small proportion of
patients developed liver function
abnormalities during treatment
with ximelagatran. The reason for

this is currently not clear, but liver
enzyme elevations appear to occur
early, resolving spontaneously in
some patients and after drug with-
drawal in others. Alanine amino-
transaminase elevations greater than
3 times the upper limit of normal
were observed in about 11% of
patients (6.5% at the lower, 24 mg-
twice-daily dose) treated with xime-
lagatran (Figure 4). Nine patients in
the ximelagatran and 3 in the placebo
group had bilirubin elevation greater
than 2 times normal. Elevation of
transaminase generally was detected
after 2-6 months of treatment, and
peaked after 60-120 days. The proto-
col called for weekly testing of ala-
nine amino-transaminase for a value
greater than 2 times normal, study
drug withdrawal for greater than 3
times normal with no improvement
in 4 weeks, and study drug discon-
tinuation for greater than 5 times nor-
mal. Otherwise, the occurrence of
all reported adverse events and seri-
ous adverse events were similar
between ximelagatran and placebo.

ESTEEM in the Context of Other Trials
In the high-risk population of med-
ically-treated, post-MI patients in
ESTEEM, there was an impressive
3.6% absolute (24% relative) risk
reduction in the primary end point
and 3.7% absolute (34% relative) risk
reduction in the combined end point
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Table 2
Reduction in Vascular Events Post-Acute Coronary Syndrome

Agent RRR Absolute Reduction Reference

Aspirin 25 % 3.5 % 22

Warfarin 29 % 5.0 % 20

Clopidogrel 20 % 2.1 % 16

Ximelagatran 34 % 3.7 % 21

RRR, relative risk reduction.
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Figure 4. Rates of alanine amino-transaminase levels measured greater than 3 times the upper limit of normal
in all five arms of the ESTEEM Trial. Eight patients in the ximelagatran groups and 1 patient in the placebo group
also had elevated bilirubin greater than 2 times the upper limit of normal. Data from Wallentin et al.21

There was no evidence of a dose-dependent effect, with each dose of
ximelagatran having a lower rate of the primary end point than placebo.  



of death, MI, and stroke. This was
accompanied by an increase in
minor bleeding and a transient
increase in alanine aminotransami-
nase levels in a small proportion of
patients. The reduction of vascular
events compares favorably to other
effective and commonly used
antithrombotic therapies19-22 in this
population (Table 2). Thus, in these
patients, ximelagatran has promise
as a treatment of important clinical
value. A phase III trial is warranted. 

Conclusions
ACS as the acute manifestation of
CHD has become the most common
worldwide cause of death. Anti-
thrombotic therapies provide a cor-
nerstone of contemporary treatment,
yet there is an unmet need for more
effective antithrombotic strategies,
including during the high-risk, post-
discharge months. More effective,
safe, and convenient oral anticoagu-
lants such as ximelagatran provide
an important opportunity to build

on current treatments to improve
patient outcomes.   
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Main Points
• Over the past decade, there has been a shift in the pattern of acute coronary syndromes (ACS), such that a smaller pro-

portion of acute myocardial infarction (MI) is characterized by ST elevation and a larger proportion is non-ST elevated,
creating a greater likelihood for reinfarction in the long term. 

• The administration of anticoagulant therapy is complicated by the phenomenon of “heparin rebound,” an increased
risk of reactivation in the hours after discontinuation of antithrombin therapy.  Thus, more effective acute and post-
discharge antithrombotic therapies are needed to improve the outcome of patients with ACS.

• The longer-term benefits of anticoagulation therapy following acute MI have been demonstrated with the vitamin K
antagonist warfarin but it has not become a mainstay in treatment, partly because of the inconvenience and difficulty
of adequately monitoring treatment and the concern over major bleeding.

• Ximelagatran, the first in a new class of oral direct thrombin inhibitors, is characterized by rapid onset of action,
a predictable pharmacokinetic profile, and a 4 to 5 hour half-life, allowing twice-daily dosing with dependable anti-
coagulant effect.

• The Efficacy and Safety of the Oral Direct Thrombin Inhibitor Ximelagatran in Patients with Recent and Myocardial
Damage (ESTEEM) phase II trial studied 4 dosing regimens of ximelagatran in the post-ACS setting and noted a 
24% relative risk reduction versus placebo for death, reinfarction, and severe recurrent ischemia, in the first 6 months
following the initial event. 

• The reduction of vascular events seen in ESTEEM compares favorably to other effective and commonly used
antithrombotic therapies in this population, thus holding promise as a treatment of important clinical value in ACS
and warranting a phase III trial. 
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