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Foreword

Michael H. Crawford, MD
Consu
lting Editor
Dr. Jacobs and an international group of ex-
perts in thromboembolic disease and antithrombic
therapy originally published a version of this issue

in Clinics in Geriatric Medicine. I thought the
topics covered and the focus on elderly patients
was highly appropriate for Cardiology Clinics;

therefore, I was delighted when this group agreed
to update and revise their articles for this issue of
Cardiology Clinics. The first four articles focus on

the most commonly used antithrombic agents.
The next three focus on the pathophysiology, pre-
vention, and treatment of deep venous thrombosis

and pulmonary embolism, highly lethal diseases
in elderly cardiac patients. The final five articles
describe the treatment of specific cardiovascular
diseases.

Considerable practical information may be
found in this issue. Particularly valuable are the
discussions of the treatment of diseases less

commonly managed by cardiologists, such as
ischemic stroke and peripheral arterial disease.
0733-8651/08/$ - see front matter � 2008 Elsevier Inc. All righ
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Other valuable discussions include the perioper-
ative management of oral anticoagulation and
prevention of deep venous thrombosis. The focus

on the elderly is important because antithrombic
treatment is a double-edged sword in this group.
Antithrombic therapy can provide large benefits

in these higher risk patients but also carries higher
risks. Balancing these aspects is critical to the
successful management of thrombotic diseases in

the elderly. I found the articles in this issue very
useful and plan on keeping my copy handy.
Michael H. Crawford, MD

Division of Cardiology
Department of Medicine
University of California

San Francisco Medical Center
505 Parnassus Avenue, Box 0124

San Francisco, CA 94143-0124, USA
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Preface

Laurie G. Jacobs, MD
Gue
st Editor
There has been an explosion in the study of

thromboembolic disorders heralded by the devel-
opment of new antiplatelet and anticoagulant
agents. Venous and arterial thromboembolic dis-

eases have historically been considered clinically
silent until an event associated with considerable
morbidity or mortality occurs. Elucidation of the

role of antiplatelet and anticoagulant agents in
the pathophysiology of clotting and disease in
the venous and arterial systems has led to impor-
tant opportunities for prevention and advances in

the treatment of thromboembolic disease.
Increased longevity caused by a reduction in

cardiovascular disease and other factors has led to

a rapid demographic expansion of the adult
population older than 65 years of age, particularly
those older than 85 years. Age alone has emerged

as one of the key risk factors for venous throm-
boembolic disease, encompassing deep and super-
ficial venous thrombosis and pulmonary

embolism. Age is also highly associated with
arterial thromboembolic disease, such as myocar-
dial infarction and coronary artery disease, ische-
mic stroke, atrial fibrillation, and peripheral

arterial disease. In addition to an increase in risk,
prevalence, and mortality of thromboembolic
disease in older adults, the morbidity of events is
A version of this Preface originally appeared in

Clinics in Geriatric Medicine, volume 22, issue 1.
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increased. This issue of Cardiology Clinics is ded-

icated to a discussion of the identification, preven-
tion, and management of venous and arterial
thromboembolic disease in older adults with the

goal of at least improving morbidity and perhaps
delaying mortality for this population.

A discussion is not complete, however, without

a careful examination of the efficacy and risk of
antithrombotic agents in this population. Anti-
platelet and anticoagulant agents are associated
with an increased risk for bleeding associated with

age alone. It is essential that health care providers
understand the pharmacology of these agents, be
familiar with estimates of their efficacy in clinical

trials and practice, and be adept at their
management.

The identification of risk factors associated with

deep venous thrombosis has altered the view of
venous thromboembolic disease from a cause of
unexpected mortality to one requiring anticipation

and prevention, particularly in patients undergoing
surgery or those who have underlying malignan-
cies. The development of institutional guidelines
for prevention of venous thromboembolic disease

in the elderly is on the horizon. Patients who have
idiopathic deep venous thrombosis are now con-
sidered to have a chronic disease, transforming

their management from an episodic treatment to
consideration of lifelong anticoagulation. In addi-
tion, advances in the clinician’s ability to determine
ts reserved.
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pretest probability and apply that information to
results from diagnostic testing, such as theD-dimer
test and duplex ultrasonography of the leg, have

considerably improved decisionmaking around the
diagnosis of deep venous thrombosis. With the
advent of low molecular weight heparins, preven-
tion and treatment can be provided outside of the

hospital, with important opportunities to improve
care, cost, and outcomes.

The prevalence of arterial thromboembolic

disease (stroke, myocardial infarction, and pe-
ripheral vascular disease) continues to plague the
elderly. The functional and cognitive loss caused

by disability from stroke, congestive heart failure,
dementia, and vascular disease has a profound
impact on quality of life. An understanding of the
pathophysiology of disease and the efficacy and

risk of antiplatelet agents and anticoagulant
agents promises to provide considerable benefit
to the population of older adults.
Laurie G. Jacobs, MD
Resnick Gerontology Center

Albert Einstein College of Medicine
Montefiore Medical Center

111 East 210 Street, Bronx, NY 10467

E-mail address: lajacobs@montefiore.org
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Heparins, Low-Molecular-Weight Heparins,
and Pentasaccharides: Use in the Older Patient

Danya L. Dinwoodey, MDa, Jack E. Ansell, MDb,*
aSection of Cardiology, Boston University School of Medicine, 88 East Newton Street, C-8, Boston, MA 02118, USA

bDepartment of Medicine, Lenox Hill Hospital, 100 East 77th Street, New York, NY 10075, USA
Anticoagulation in the elderly is a growing
concern as patients live longer and have an in-
creasing number of co-morbid illnesses. Given
the increased risk of venous thromboembolism

(VTE) with normal aging, it is important to un-
derstand the therapeutic and prophylactic options
available to clinicians. This article reviews the

use of anticoagulants, specifically unfractionated
heparin (UFH), low-molecular-weight heparin
(LMWH), and the newer synthetic pentasacchar-

ides for the treatment and prophylaxis of VTE
as well as their use in acute coronary syndromes
(ACS). Furthermore, heparin- induced thrombo-

cytopenia (HIT) is addressed as it relates to each
of the previously mentioned medications.

Aging is a well-established risk factor for VTE,
and elderly patients experience higher morbidity

and mortality with this disease [1]. In a large com-
munity-based study in France, the incidence of
symptomatic VTE was 1.83 per 1000 persons.

This figure rises to 10 per 1000 persons for those
over the age of 75 [2]. A study examining the inci-
dence of asymptomatic deep venous thrombosis

(DVT) in geriatric patients admitted to a medical
service showed that 4% of patients aged 70 to 80
and nearly 18% of patients aged over 80 had evi-
dence of DVT [3].

In addition to aging, numerous other factors
are noted to increase the risk of thrombosis. These
include hospital or nursing home stay, surgery,

central venous access catheters, pacemakers,
A version of this article originally appeared in

Clinics in Geriatric Medicine, volume 22, issue 1.
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chemotherapy, and hormone therapy [4]. Patient
specific risk factors include congestive heart fail-
ure, myocardial infarction, stroke, and malig-
nancy within the preceding 6 months of an

event. Also included as risk factors are prior
thrombosis, hypercoagulable states, chronic ob-
structive pulmonary disease, hip fractures,

trauma, varicose veins, paralysis of lower limbs,
obesity, nephrotic syndrome, and severe infection
[1,4–6].

Despite these multiple risk factors, anticoagu-
lation is underused in the prevention of VTE in the
United States [4]. A retrospective study investigat-

ing the use of anticoagulant prophylaxis among
hospitalized patients showed that 183 (48%) of
384 patients who subsequently developed VTE
were not on prophylactic anticoagulation [7].

Given the higher propensity of the elderly to expe-
rience VTE, clinicians caring for these patients
need to be cognizant of the mechanisms, monitor-

ing, and adverse effects of anticoagulation for both
treatment and prophylaxis of VTE.

The elderly also represent a distinct subgroup

with respect to the pharmacokinetics of many
drugs, notably because of decreases in creatinine
clearance with advancing age. Aging is associated
with alterations in drug-binding proteins, but the

significance of these alterations is unclear with
respect to anticoagulant drugs [4].

Hemostasis involves a sequence of interactions

of coagulation factor interactions in two pathways
called the intrinsic and extrinsic coagulation
cascades (Fig. 1). The final common pathway in-

volves the transformation of prothrombin to
thrombin by factor Xa. Thrombin (factor IIa)
then serves to catalyze the activation of fibrinogen

to fibrin, in addition to its role in feedback
ts reserved.
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Fig. 1. The clotting cascade and sites of action of antico-

agulant medications.
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activation of several other clotting factors. UFH,

LMWH, and fondaparinux all exert their antico-
agulant effect in a similar fashion, by binding to
and activating antithrombin that then neutralizes

selected coagulation factors.
Table 1

Heparin dosing nomogram

aPTTa Dose adjustment

!35 s 80 units/kg bolus; increase drip

by 4 units/kg/h

35–50 s 40 units/kg bolus; increase drip

by 2 units/kg/h

51–70 s No change

71–90 s Reduce drip by 2 units/kg/h

O90 s Hold heparin for 1 hour; reduce

drip by 3 units/kg/h

Check baseline aPTT, INR, CBC-platelet count.

Give heparin bolus, 80 units/kg IV.

Begin IV heparin infusion, 18 units/kg/h.

Each laboratory must perform its own in vitro hep-

arin titration curve to establish the therapeutic range

for the specific aPTT reagent in use, which is equivalent

to a heparin concentration of 0.3–0.7 anti Xa U/mL

(by anti Xa assay) or 0.2–0.4 U/mL (by protamine

titration assay). The therapeutic range varies depending

on the aPTT reagent in use.

Abbreviations: aPTT, activated partial thromboplas-

tin time; CBC, complete blood count; INR, international

normalized ratio; IV, intravenous.
a Target aPTT for institution-specific therapeutic

range.

Data from Raschke RA, Reilly BM, Guidry JR, et al.

The weight-based heparin dosing nomogram compared

with a standard care nomogram: a randomized con-

trolled trial. Ann Intern Med 1993;119:874–81.
Unfractionated heparin

Pharmacology

UFH is a glycosaminoglycan first used clini-
cally in the 1930s [8]. It is derived from animal tis-

sue (porcine or bovine), with molecular weight
ranging from 3000 to 30,000 d [9,10]. The mecha-
nism of action is through binding to and activa-

tion of antithrombin, which then binds to and
neutralizes the serine protease coagulation factors,
particularly factors Xa and thrombin [11]. Only

30% of UFH chains contain the sequence neces-
sary for activating antithrombin. The remaining
chains are inactive, but bind nonspecifically to

other plasma proteins, endothelial cells, and
platelet factor 4. Because of nonspecific protein
binding, the pharmacokinetics of UFH are unpre-
dictable, and monitoring is necessary [10–12].

Additionally, UFH binds to heparin cofactor II
that serves to further reduce the activity and avail-
ability of thrombin [11,13].

The half-life of UFH is approximately 1 hour
after an intravenous bolus, and longer with sub-
cutaneous administration. For this reason, sub-

cutaneous initial doses should be increased by
10% compared with intravenous doses [14]. UFH
is metabolized in part by the liver and is excreted
through the kidneys, but does not need to be
dosed specifically for renal insufficiency or hepatic
dysfunction [11]. Only free heparin is active, and

patients with renal or hepatic dysfunction have
varied protein binding. Because protein binding
can either be increased or decreased, a standard
dose of UFH is given and subsequent dosing is

based on results of an activated partial thrombo-
plastin time (aPTT), aiming for a predetermined
therapeutic range.
Dosing

UFH dosing for VTE prophylaxis is 5000 IU
administered subcutaneously every 8 hours [4].
When UFH is used for treatment of VTE or
ACS, a weight-based nomogram is the safest

and most effective method to anticoagulate
patients (Table 1). A retrospective analysis of
355 patients with treatment guided by either

a weight-based nomogram or with a standard bo-
lus and physician choice for dose adjustment
found that the weight-based nomogram patients

experienced fewer bleeding episodes and had
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more frequent aPTT values in the target range
[15]. A meta-analysis of 16 studies revealed that
a higher percentage of patients treated with
weight-based nomograms reached therapeutic

levels within 24 hours when compared with pa-
tients administered heparin in the traditional
method. There were no statistically significant dif-

ferences in bleeding rates [16].
Even in hospitals with heparin nomograms,

however, doses vary widely and anticoagulation is

often subtherapeutic or supratherapeutic. In a ret-
rospective study examining patients receiving
UFH for treatment of VTE and as a bridge to

warfarin therapy, the difficulty in achieving ther-
apeutic heparin levels was demonstrated. After
a therapeutic aPTT range was reached, only 29%
of patients remained in the therapeutic range on

subsequent measurements. Several dose changes
and boluses were often required to provide
adequate anticoagulation [17].
Monitoring

As a result of the unpredictable binding of
UFH to plasma proteins, its anticoagulant effect

needs to be monitored to maintain a therapeutic
level. Numerous tests have been suggested for
heparin monitoring including the aPTT, the

activated clotting time (ACT), anti–factor Xa
levels, plasma heparin levels, and thrombin clot-
ting time [13]. In the United States, the aPTT is
the most widely used test.

In general, the recommended range of an aPTT
for therapeutic heparin levels is 1.5 to 2.5 times
the control aPTT. Reagents used in various

laboratories have different sensitivities to heparin,
however, and must be calibrated based on thera-
peutic heparin levels to a reagent-specific range.

Laboratories using different reagents have differ-
ent therapeutic aPTT ranges, and heparin should
be dosed according to their range [12,18]. Blood is

usually collected 4 to 6 hours after initial infusion.
Although widely used, the aPTT lacks specificity
in several circumstances, and the relation to hepa-
rin level is often poor. This may occur in the pres-

ence of the antiphospholipid antibody, clotting
factor deficiencies, thrombolytics, or even warfa-
rin use [18]. Warfarin affects clotting factors II,

IX, and X that can alter the aPTT.
Heparin-resistant patients also have been de-

scribed. These patients require an unusually high

dose of heparin to reach a therapeutic aPTT. For
these patients, measuring the anti–factor Xa level
is recommended [10,18].
The ACT is used commonly when very high
doses of heparin are needed, such as percutaneous
angioplasty and cardiopulmonary bypass. At high
levels of heparin the aPTT loses sensitivity [19,20].

The ACT has the advantage of being a rapid bed-
side assay, but does not correlate well with aPTT
levels. Studies directly comparing the two tests are

lacking, and the ACT is not used routinely outside
of cardiac procedures [19].

Adverse effects

The most common adverse effect of UFH is
bleeding. This risk is further accentuated in the
setting of concomitant aspirin use [21]. In the el-

derly population extra caution must be given to
heparin treatment, because older patients are
more likely to have serious bleeding. Elderly pa-

tients require a generally lower heparin dose to
achieve therapeutic levels. It is for this reason that
lower initial bolus doses of UFH are recommended

for elderly patients [22]. No studies, however, have
directly compared different doses of UFH to assess
for bleeding risk [23].

In cases of heparin-related bleeding, supportive

care and transfusion therapy should be initiated
once heparin has been discontinued. In the setting
of severe bleeding, protamine sulfate can be used

to rapidly reverse the effect of heparin. One
milligram of protamine neutralizes approximately
100 units of UFH [10].

Apart from bleeding, heparin can cause throm-
bocytopenia, as discussed later. Heparin has also
been reported to cause three types of skin lesions

infrequently: (1) urticarial lesions, (2) skin necro-
sis, and (3) erythematous papules and plaques
[20]. Finally, heparin can activate osteoclasts in
bone, causing osteopenia [10,20]. This is a concern

with long-term heparin use, particularly when
used for prophylaxis in chronically bed-bound pa-
tients. The resulting osteopenia can be devastating

for the many elderly patients with underlying oste-
oporosis and osteopenia, putting them at even
greater risk for fractures.

Indications

As the oldest anticoagulant with the most
experience, UFH is used for a wide variety of

indications. UFH is used for primary prophylaxis
of VTE for hospitalized patients at increased risk.
Additionally, UFH is indicated for the initial

treatment of DVT, pulmonary embolism (PE),
ACS, stroke, and during cardiac procedures [12].
Other recent clinical applications include UFH
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as a surface coating for biomedical devices, as
a modulatory agent for growth factors, and as
an adjunct to both chemotherapeutic and anti-

inflammatory agents [9].
Low-molecular-weight heparin

Pharmacology

LMWH, as its name suggests, is a glycosamino-
glycan that is approximately one third the molec-

ular weight of UFH. It is derived from UFH
through various depolymerization processes.
LMWH binds to antithrombin, which in turn

neutralizes factors Xa and IIa. Because LMWH
lacks many of the longer chains required for
binding to thrombin, it has less ability to neutralize

thrombin relative to its ability to neutralize factor
Xa [10,24].

LMWH also has less nonspecific binding to
other proteins. There is greater bioavailability

with more predictable pharmacokinetics that
eliminates the need for monitoring. The smaller
size also allows for enhanced subcutaneous ab-

sorption when compared with UFH.
Dosing

Three LMWH preparations are currently ap-
proved for use in the United States: (1) enoxa-
parin, (2) dalteparin, and (3) tinzaparin. They are
all administered subcutaneously at intervals of

either once or twice daily for both prophylaxis
and treatment doses. A meta-analysis of six
studies found that there was no increase in

bleeding in once-daily versus twice-daily dosing
of LMWH [25]. Because LMWH is renally ex-
creted, administration for treatment of VTE or

ACS is not recommended in patients who have
a creatinine clearance of less than 30 mL/min.
Dose finding trials have yet to be completed for

these patients. For thromboprophylaxis, however,
enoxaparin can be used in patients with renal fail-
ure, at a dose of 40 mg once daily [10,13]. Another
group of patients for whom LMWH dosing is un-

clear is obese patients with weights over 150 kg
[10]. For these two groups of patients, monitoring
by the anti Xa assay is recommended if LMWH is

used.
In the elderly, a population with increased

bleeding risks and age-related renal insufficiency,

three approaches have been recommended to
ensure safety. First, is to use UFH in patients
with severe renal disease. Second, is to use reduced
dosages in the elderly. This practice has not yet
been validated by any studies. Third, LMWH can
be monitored by an anti-Xa assay in patients who

are deemed to be at higher risk of bleeding or
thrombosis [26].
Monitoring

Because LMWH has more predicable pharma-

cokinetics than UFH, routine monitoring is not
performed. The aPTT is not used in monitoring
LMWH because the aPTT predominantly mea-
sures anti–factor II activity. The more clinically

relevant activity to measure in LMWH is anti–
factor Xa activity, which is not measured well
with the aPTT [10].

Assays for anti–factor Xa activity have been
developed and are now available at most clinical
laboratories. The question of exactly who should

be monitored remains controversial. Many agree
that monitoring with anti Xa levels should be
considered for the following patient groups:

severe obesity, renal insufficiency, and very low
body weight [10,18,27].
Adverse effects

The risks of age-related increases in bleeding

have not been directly investigated in clinical trials
with LMWH [28]. A meta-analysis of 4669 medi-
cal patients, however, found that the risk of major
bleeding in the setting of prophylactic doses was

52% lower with LMWH when compared with
UFH [29]. When used in higher doses in the set-
ting of ACS, consensus from the Seventh Ameri-

can College of Chest Physicians Conference on
Antithrombotic and Thrombolytic Therapy was
that there was no higher risk of major bleeding

with LMWH when compared with UFH [23].
LMWH seems to have a similar, if not improved,
safety profile in terms of major bleeding.

With major bleeding, protamine sulfate can be
used to reverse partially the anticoagulant effects
of LMWH. Anti–factor Xa levels, however, are
often not fully normalized [10]. LMWH also has

a much longer half-life. In the setting of major
bleeding, it takes longer for coagulation to return
to normal with LMWH.

Other potential adverse events with the use of
LMWH are thrombocytopenia and osteopenia.
The risk of HIT with LMWH is discussed later.

Although UFH can lead to osteopenia, LMWH
has the advantage of reduced activation of oste-
oclasts, thereby causing less bone loss.
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Indications

Of the three LMWHs available in the United
States, enoxaparin has the most approved clinical
indications, although interchange of agents is

common. Enoxaparin is approved for prophylaxis
of VTE in selected medical and surgical condi-
tions. A multicenter randomized double-blind
study examined rates of VTE in hospitalized

elderly medical patients on enoxaparin compared
with UFH. The results showed equal efficacy and
safety profiles [30]. With LMWH’s other benefits

of a longer half-life, more predictable pharmaco-
kinetics, decreased effects on platelets, and less ac-
tivation of osteoclasts, LMWH is often preferred

to UFH for VTE prophylaxis.
Enoxaparin is also indicated for treatment of

DVT and PE. The movement of DVT treatment
to the outpatient setting has revolutionized ther-

apy for the thousands of patients with DVT each
year. This is particularly true for the elderly who
avoid hospitalization and the complications that

often accompany their stay.
Due to recent studies demonstrating both safety

and efficacy of enoxaparin in the setting of both

ACS and ST-segment elevation myocardial in-
farction (STEMI), enoxaparin is approved for
both of these indications. In a recent meta-analysis

of 6 randomized controlled trials of nearly 22,000
patients comparing enoxaparin to UFH, there was
a statistically significant difference in the combined
endpoint of death or non-fatal myocardial in-

farction (MI) at 30 days, in favor of enoxaparin
[31]. Furthermore, there was no significant differ-
ence in blood transfusions or major bleeding.

A limitation of this large meta-analysis however,
is that patients included in the study had variable
rates of cardiac catheterization and use of glyco-

protein IIB/IIIA inhibitors. Nonetheless, many
practitioners prefer enoxaparin as the initial treat-
ment for ACS given its safety, efficacy, and ease of
administration.

Interventional cardiologists have also become
more comfortable performing cardiac catheteriza-
tions in the setting of enoxaparin, as more safety

data has emerged. Previously, invasive stenting
was only performed using UFH, as it had a long
track record and levels of anticoagulation could

be rapidly assessed using bedside ACT assays.
With more ACS patients initially treated in the
emergency department with enoxaparin however,

the question whether it was safe to undergo
catheterization and possible stenting while on
enoxaparin arose. The SYNERGY trial examined
over 10,000 high risk ACS patients in whom an
early invasive strategy had already been planned
[32]. Patients were randomized to either UFH or
enoxaparin and then brought to the catheteriza-

tion laboratory. There was no difference in the
primary efficacy endpoint of all cause death or
non-fatal MI at 30 days. There was however a sta-

tistically significant increased risk of major bleed-
ing in the enoxaparin arm, using the Thrombosis
in Myocardial Infarction (TIMI) definition of ma-

jor bleeding. Using the definition by the Global
Use of Strategies to Open Occluded Coronary Ar-
teries (GUSTO) investigators however, there was

no statistically significant increase in major bleed-
ing. Enoxaparin is now widely used in cardiac
catheterization laboratories, particularly in ACS
patients.

Tinzaparin has a more limited indication profile
because it is currently only approved for the initial
treatment of DVT and PE in the inpatient setting.

Dalteparin has a wider spectrum of approved uses,
with indications for DVT prophylaxis and treat-
ment, and for ACS [9].
Pentasaccharides

Pharmacology and monitoring

Fondaparinux sodium is a further refinement of
the heparin moiety that binds to antithrombin.
The structure of fondaparinux is based on the

pentasaccharide region of the heparin molecule
specific for antithrombin binding. It is a synthe-
sized molecule rather than being extracted from

animal tissue. Fondaparinux selectively inhibits
factor Xa by binding to antithrombin. This bind-
ing produces a conformational change in the
structure of antithrombin, allowing it effectively

to inhibit factor Xa [33,34]. Because fondaparinux
lacks the longer saccharide chains that bind to
thrombin, it has no ability to neutralize thrombin

and is entirely specific for factor Xa.
Because of absence of binding to other plasma

proteins, fondaparinux has nearly 100% bioavail-

ability and predictable pharmacokinetics.
Through the subcutaneous route, it reaches peak
plasma level in 2 hours and has an elimination
half-life of 17 hours. Clearance is by the kidneys

[33]. As a result of the predictable effects of fonda-
parinux, it is not necessary to monitor its antico-
agulant effect. Monitoring is possible however

with an anti–factor Xa assay calibrated with fon-
daparinux [35].



150 DINWOODEY & ANSELL
Dosing

Because of the long half-life of fondaparinux,
once-daily dosing is available for both treatment
and prophylaxis of VTE. This is very attractive,

especially for elderly patients in the outpatient
setting where no monitoring is necessary. Dose
ranging studies have been performed for both
treatment and prophylaxis of VTE. For treat-

ment, the suggested dose is 7.5 mg subcutaneous
once daily [33]. When comparing the safety and
efficacy of fondaparinux with enoxaparin in

VTE prophylaxis, all doses of fondaparinux re-
sulted in a lower incidence of VTE [36]. The rec-
ommended dose for VTE prophylaxis is 2.5 mg

subcutaneous once daily.
Because of its renal excretion, reduced dosage

is recommended for patients with moderate renal
dysfunction, and contraindicated in those with

a creatinine clearance of less than 30 mL/min [37].
Patients who are either underweight or morbidly
obese also require alteration in dosage [9].

Adverse effects

Like other anticoagulants, bleeding is the most

common complication of fondaparinux. To com-
plicate matters, there is no drug that can reverse
the anticoagulant effect of fondaparinux. In the

setting of a major bleed, supportive measures and
transfusions of fresh frozen plasma or factor
concentrates, specifically recombinant factor

VIIa, are the only tools available. In the Matisse-
PE trial, rates of major bleeding were similar for
both fondaparinux and UFH. The incidence was

1.3% in the fondaparinux group compared with
1.1% in the UFH arm [38].

Although thrombocytopenia has rarely been
reported with fondaparinux use, the typical HIT

and thrombosis syndrome does not occur [9].

Indications

Several recent trials have established the effec-
tiveness of fondaparinux compared with enoxa-
parin for the prevention of VTE in orthopedic

surgery. Two studies examined patients undergo-
ing hip replacement surgery for rates of develop-
ment of VTE by postoperative day 11. Patients

were either administered fondaparinux or enoxa-
parin in daily subcutaneous doses. With no differ-
ences in major bleeding or death, the investigators

found relative risk reductions between 26% and
56% for the development of VTE with the use of
fondaparinux when compared with enoxaparin
[39,40]. Rates of VTE using fondaparinux also
have been examined in hip fracture surgery. A ran-
domized double-blind study of over 1700 patients

was conducted where patients received either
fondaparinux or enoxaparin for the prevention of
VTE postoperatively by day 11. A relative risk
reduction of 56.4% was found in favor of fonda-

parinux [41].
Fondaparinux has also been studied in knee

replacement surgery. One trial of more than 1000

patients randomized to fondaparinux versus enox-
aparin showed a greater than 50% relative risk
reduction for total VTE in the fondaparinux

group (12.5% versus 27.8%, P!.001), and an
almost significant reduction in proximal DVT.
Although the fondaparinux group had a higher
frequency of major bleeding, there was no statisti-

cal difference when comparing the rate of death or
re-operation because of bleeding [42].

Extended prophylaxis with fondaparinux was

examined in the PENTHIFRA Plus study. The
group found that extended prophylaxis for up to
31 days was associated with a VTE relative risk

reduction of 96% (P!.001) when compared with
no prophylaxis. There was also no increase in clin-
ically relevant bleeding [43–45]. While fondapari-

nux is approved for surgical patients, it is
important to note that it is not approved for pro-
phylaxis of VTE in medical patients.

Fondaparinux has also been examined with

respect to its efficacy in treatment for DVT and
PE. In a double-blind study of 2205 patients with
acute DVT randomized between fondaparinux

and enoxaparin for the initial treatment, followed
by 3 months of warfarin, there was no significant
difference in recurrence of VTE (3.9% and 4.1%,

respectively) or major bleeding (1.1% and 1.2%,
respectively) [46].

A randomized open label noninferiority study
involving 2213 patients with hemodynamically

stable PE compared efficacy of fondaparinux
with UFH. Recurrent DVT-PE occurred in
2.4% of patients treated with fondaparinux com-

pared with 3.6% of patients treated with UFH.
Rates of major bleeding were also similar, 1.3%
for fondaparinux and 1.1% for UFH [38]. Fonda-

parinux is currently approved for the inpatient
treatment of PE, and for both the inpatient and
outpatient treatment of DVT.
Off label indications

While fondaparinux has only been approved
for both prevention and treatment of VTE, there
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has been extensive research involving its use in
ACS and cardiac catheterization patients. In the
Oasis 5 trial, investigators randomized ACS
patients to receive either enoxaparin or fondapar-

inux (2.5 mg dose) [47]. Groups had similar
endpoints of death, MI, or refractory ischemia
at 9 days, and the fondaparinux group had a trend

toward reduced endpoints at 30 and 180 days.
Major bleeding was significantly less with fonda-
parinux (2.2% versus 4.1%, P!.001). It is inter-

esting to note that the dosage of fondaparinux
for ACS is lower than that for VTE. The PEN-
TUA study was a dose finding study for patients

with ACS comparing doses of 2.5 mg, 4 mg,
8 mg, and 12 mg [48]. There was no difference in
the primary composite endpoint of death, MI, or
recurrent ischemia. Thus, the lower, 2.5 mg dose

is the one most commonly used in ACS.
The Oasis 6 trial then randomized STEMI

patients to receive fondaparinux versus placebo

when no UFH was indicated or to fondaparinux
versus UFH, when an anticoagulant was indicated
[49]. Fondaparinux showed a reduction in the

endpoint of death or reinfarction at 30 days, but
only in patients not undergoing percutaneous
coronary intervention (PCI). Since PCI is the pre-

ferred treatment strategy for patients with
STEMI, it is unlikely that fondaparinux will be
approved for use in this setting.

Fondaparinux has also been studied in the

setting of elective and urgent PCI in the ASPIRE
trial [50]. Investigators randomized 350 patients to
either UFH, 2.5 mg of fondaparinux, or 5 mg of

fondaparinux. Patients were also stratified to use
of glycoprotein IIB/IIIA inhibitors. The groups
had similar safety and efficacy, with a trend lower

bleeding with the lower fondaparinux dose.
Heparin-induced thrombocytopenia

Pathophysiology and diagnosis

There are two forms of HIT: an early benign
form that is non-immune mediated, and a second
more dangerous immune-mediated form [20]. In

the latter case, an IgG antibody–mediated activa-
tion of platelets occurs that can lead to severe
thrombocytopenia and life-threatening thrombo-

sis. Heparin binds to platelet factor 4, an endoge-
nous platelet protein released from platelets, and
in some cases induces an immune response to

a newly formed epitope [51]. The IgG bound to
the heparin–platelet factor 4 complex may then
bind to Fc receptors on the platelet surface, and
by so doing activate platelets leading to the gener-
ation of prothrombotic platelet microparticles or
to the aggregation of platelets [52]. In the process,
thrombocytopenia occurs, and in 25% to 50% of

patients a paradoxical thrombosis may occur in
either the venous or arterial circulation.

For patients receiving heparin in treatment or

prophylaxis doses, platelet monitoring is recom-
mended every-other or every-third day for the first
7 to 14 days. The diagnosis of HIT should be

suspected in any patients receiving heparin or
having an exposure in the previous 3 months who
develop a drop in platelets by greater than 50%,

an absolute count of less than 150,000, or a new
thrombotic event. Heparin-dependant IgG anti-
bodies should be measured, if available, but
a diagnosis of HIT is usually based on clinical

criteria. These criteria include thrombocytopenia
in the presence of heparin or its recent use and
exclusion of other causes. There are no data to

support the testing for HIT antibodies in the
absence of any clinical evidence of HIT. The risk
for development of HIT is greatest in post surgical

patients, followed by medical patients, and least
likely in the setting of pregnancy [53].

Heparin-induced thrombocytopenia with other
anticoagulants

HIT can occur with LMWH, although much
less frequently than with UFH [54]. In a study of

665 patients randomized to UFH or enoxaparin
for prophylaxis of VTE after hip surgery, HIT oc-
curred in 9 of 332 in the heparin group compared

with 0 of 333 in the enoxaparin group (P ¼ .0018).
In addition, eight of the nine patients with HIT
also had evidence of thrombosis [54].

Although patients exposed to fondaparinux

may test positive for heparin-dependent IgG anti-
bodies, there is no evidence that fondaparinux leads
to immune-mediated HIT [55]. For patients with

a history of HIT, fondaparinux is being studied as
an acceptable alternative for VTE prophylaxis.

Treatment of heparin-induced thrombocytopenia

When HIT is diagnosed, it is important to stop
heparin and to avoid the use of LMWH [53]. Be-
cause of the increased risk of thrombosis, how-

ever, continuation of an anticoagulant must be
considered. The drugs currently approved for
the treatment of HIT in the United States are di-

rect thrombin inhibitors argatroban and lepirudin
(Table 2). These drugs are to be used whether or
not clinically evident thrombosis is present.



Table 2

Dosing guidelines for lepirudin and argatroban in heparin-induced thrombocytopenia

Medication Dosing route Dose Adjustments Monitoring

Lepirudin IV 0.4 mg/kg bolus then

0.15 mg/kg/h

Adjustment for renal impairment aPTT

Argatroban IV 2 mg/kg/min Adjustment for hepatic impairment aPTT

Abbreviations: aPTT, activated partial thromboplastin time; IV, intravenous.
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Lepirudin is a recombinant form of the natu-
rally occurring substance hirudin. Patients treated
with lepirudin can develop drug-specific anti-
bodies that have an unpredictable effect on the

anticoagulant activity. In 45% of patients, anti-
coagulant activity is enhanced, whereas in 6% the
activity is suppressed [56]. Close monitoring of the

aPTT is necessary to prevent both bleeding and
thrombotic complications of treatment. In the
combined analysis of the HAT 1, 2, and 3 studies,

which looked at HIT patients treated with lepiru-
din against historical controls, patients receiving
lepirudin had fewer thrombotic events, but an un-

changed rate of death [57].
Argatroban has a rapid onset of action and

reversibility. Unlike lepirudin, there is no anti-
body formation with argatroban, so its anticoag-

ulant properties are more predictable. Monitoring
is achieved with the aPTT in low doses and the
ACT in higher doses [58,59]. Caution must be

used, however, in the setting of hepatic dysfunc-
tion because argatroban is metabolized by the
liver [60]. The recommended dose for patients

with hepatic dysfunction is 0.5 mcg/kg/min [61].
Argatroban has been demonstrated to reduce
new thrombosis and death, but only compared
with historical controls [62,63].

Argatroban is approved for both HIT and as
an adjunct for PCI in the United States for both
patients with and without HIT. Bivalirudin has

similar indications to argatroban, as an adjunct
for PCI in patients at risk for HIT, with HIT, and
the general population. It is not approved how-

ever for the treatment of HIT independent of PCI.
Table 3

Comparison of pharmacokinetics and other aspects of commo

Medication Dosing route Half life Excretion

Unfractionated

heparin

IV or SQ w1 hour Metabolized

excreted b

Low-molecular-

weight heparin

SQ 3–7 h Metabolized

excreted b

Fondaparinux SQ w20 h Renal

Abbreviations: ACT, activated clotting time; aPTT, activa

thrombocytopenia; IV, intravenous; SQ, subcutaneous.
Summary

UFH, LMWH, and fondaparinux each have
advantages and disadvantages in the treatment
and prophylaxis of VTE in the elderly and in the

setting of ACS (Table 3). UFH’s nonspecific bind-
ing to other plasma proteins makes achieving
a therapeutic level difficult, and bleeding a signifi-

cant risk. LMWH is safe in the elderly, although it
needs to be used cautiously in patients with creat-
inine clearance less than 30 mL/min or those

weighing over 150 kg. The anti–factor Xa activity
level may be used in these settings. Fondaparinux,
the newest of the group, seems to be effective and

safe in the elderly. It also has the advantage of not
causing HIT.

HIT occurs in the setting of UFH or less likely
LMWH use and is manifested by thrombocyto-

penia and/or thrombosis. Argatroban or lepiru-
din, direct thrombin inhibitors, are recommended
to increase platelets and prevent thrombosis in

these patients with HIT.
With the ever aging population, the future will

demand a better understanding of medications

used for conditions like VTE and ACS that
increase in prevalence with increasing age. Anti-
coagulants need to be further examined in elderly
patients, because they carry potentially fatal risks

if underdosed or overdosed. Few trials include
patients at extremes of age, and such issues as
normal age-related decreases in renal function and

different volumes of distribution have not been
adequately addressed. More trials need to be
conducted that include large numbers of patients
nly used anticoagulants

Monitoring Adverse effects

by liver,

y kidneys

aPTT or ACT Bleeding, HIT,

osteopenia

by liver,

y kidneys

None or Anti-factor

Xa activity

Bleeding, HIT

(less than UFH)

None Bleeding

ted partial thromboplastin time; HIT, heparin-induced
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over the age of 65 so that anticoagulation may be
better understood in this growing population.
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More than sixty years ago it was observed that
cattle, after consuming sweet clover hay, frequently
died from hemorrhage. Bishydroxycoumarin, or

dicoumarol, was identified as the causative agent,
and this discovery ultimately led to the subsequent
synthesis of warfarin. Warfarin, a vitamin K
antagonist, is currently the most extensively used

oral anticoagulant world-wide. It is prescribed for
a variety of indications, including primary and
secondary prevention of venous thromboembo-

lism, prevention of systemic embolism and stroke
in patients with prosthetic heart valves and atrial
fibrillation (AF), primary prevention of myocar-

dial infarction, and in the acute management of
myocardial infarction for prevention of stroke,
recurrent infarction, and death [1]. Warfarin has
undergone extensive clinical study, and may be

used for other conditions as well.
Despite wide usage and considerable accumu-

lated data from clinical trials demonstrating

efficacy for a variety of thrombotic and thrombo-
embolic conditions, wafarin is underutilized be-
cause its management is complex for both patients

and physicians. For example, pooled data from
a number of clinical trials has demonstrated that
warfarin provides a 64% relative risk reduction

for stroke in patients with AF [2]. In addition, in
a study undertaken in Britain, stroke prophylaxis
with warfarin for patients with AF has been dem-
onstrated to be cost-saving relative to the cost of

a stroke, inclusive of drug costs, monitoring,
transportation, work missed, nursing visits, and
costs associated with complications (bleeding-

related visits, hospital admissions and procedures)
A version of this article originally appeared in

Clinics in Geriatric Medicine, volume 22, issue 1.

E-mail address: lajacobs@montefiore.org

0733-8651/08/$ - see front matter � 2008 Elsevier Inc. All righ

doi:10.1016/j.ccl.2007.12.010
[3], yet warfarin remains underused for thrombo-
prophylaxis in patients with AF.

Warfarin use for stroke prevention for patients

with AF increased from 28% during 1991 to 1992,
to 41% in theUnited States during 1999 to 2000 [4].
The greatest increase occurred in patients aged 80
years and older. In a 2003 national study under-

taken in Ireland, in patients aged 75 or more 26%
were on warfarin, 50% on aspirin, and 3% on
both [5]. Despite an increase in use, these statistics

still reflect under-use in the elderly, who often
sustain the greatest risk for thromboembolic events
[6]. There are many reasons for this, including phy-

sicians’ perception and estimation of the potential
risks associated with warfarin usedspecifically
bleedingdas well as incidence of thromboembolic
events andmagnitude of benefit provided bywarfa-

rin therapy for a given indication [7]. Warfarin use
is also limited by the difficulty in managing this
medication. It has a narrow therapeutic window,

wide variability in dose-response across individ-
uals, a significant number of drug and dietary inter-
actions, and requires close laboratory monitoring

with frequent dose adjustment. Despite these limi-
tations, warfarin can be managed with relative
safety, even in an elderly population in which

many of these issues play a role.
Pharmacology

Mechanism of action

Warfarin is an anticoagulant that acts by
inhibiting the vitamin K-dependent coagulation

factors II (prothrombin), VII, IX, and X. It also
has activity against the regulatory anticoagulant
proteins C, S, and Z, which provides the potential

for warfarin to act as a procoagulant as well.
ts reserved.
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Warfarin inhibits the interconversion of vitamin
K and its vitamin K 2,3 epoxide, which modulates
the g-carboxylation of glutamate residues on the

N-terminal regions of the coagulation proteins.
The efficacy of warfarin is usually attributed to

its anticoagulant effect through suppression of
synthesis of the vitamin K-dependent coagulation

factors (II, IV, IX, and X). Some research seems to
suggest that the antithrombotic effect (rather than
simply the anticoagulant effect) is more closely

associated with the reduction in prothrombin (II)
and factor X levels. Prothrombin decreases the
ability to generate thrombin, the main modulator

of clot formation. A reduction in thrombin levels,
which is involved in the clot and bound to fibrin, is
thought to reduce thrombogenicity in addition to
an anticoagulant effect [1].
Pharmacokinetics and pharmacodynamics

Warfarin exists as a racemic mixture of R and S
enantiomers, with the S enantiomer having about

two to five times greater intrinsic activity, al-
though it is more rapidly cleared. Warfarin is
readily absorbed after oral administration, with

peak concentration within 4 hours. Concern about
alterations in absorption with different formula-
tions of warfarin have generally been unfounded

[8], although a study in one country where univer-
sal generic substitution was undertaken indicated
that the generic warfarin may have somewhat re-
duced bioavailability, particularly in the lowest

doses [9].
Approximately 99% of warfarin is bound to

plasma proteins. Warfarin is almost entirely

eliminated through stereoselective metabolism by
hepatic microsomal enzymes cytochrome P450-
2C9 (CYP2C9) [10,11], with an effective mean

half-life of 40 hours [12]. There are several vari-
ants of the gene that encode the hepatic micro-
somal enzyme P450-2C9 found among different

ethnic groups, which have been associated with
an increase in adverse clinical outcomes [1]. In
the future, identification of these mutations for
clinical testing may enable more specific dosing

recommendations when warfarin therapy is initi-
ated. A mutation in the gene encoding the enzyme
responsible for oxidizing the S-isomer is common,

producing an increased response to warfarin, and
thus reduced dose requirements. Hepatic dysfunc-
tion can increase the response through impaired

synthesis of clotting factors as well as decreased
metabolism of the drug. Warfarin resistance is
a very rare condition in which alteration of the
receptor is present. Patients with a low body
weight [13,14], low serum albumin, significant
congestive heart failure, liver disease, or other

medications with interactions may require lower
doses. Renal clearance does not play a significant
role in the response to warfarin.

Although there are no alterations in the

pharmacokinetics of warfarin with age, older
adults appear to exhibit a greater pharmacody-
namic response to warfarin. There is a greater

increase in the prothrombin time (PT) and
international normalized ratio (INR) in response
to the same dose in an older adult. The etiology of

this effect is unknown.
Interactions with pharmaceutic and herbal
compounds

The dose-response to warfarin varies signifi-

cantly between individuals because of intrinsic
genetic factors, concurrent consumption of other
drugs, dietary factors, and comorbid disease

states, each of which can affect its metabolism.
Drug interactions that alter the pharmacokinetics
of warfarin may include alterations in absorption

(eg, cholestyramine), which would decrease the
anticoagulant effect. Many drug interactions with
warfarin are caused by alterations in metabolism

either by 2C9 enzyme induction [15], which in-
creases warfarin clearance and thereby reducing
antithrombotic activity (eg, phenytoin, rifampin)
[16], or stereoselective and nonselective enzyme

inhibition (eg, amiodarone, cimetidine, sulfame-
thoxazole, metronidazole) [17], which increase its
antithrombotic effect (and the INR). Reduced

plasma-binding because of the presence of exces-
sively albumin-bound drugs, causing an increase
in free drug and therefore an increase in antith-

rombotic activity, is much more uncommon.
Stereoselective interactions that inhibit the metab-
olism of the S-enantiomer preferentially will have

a greater impact on the INR than those interact-
ing with the R-enantiomer; a drug such as amio-
darone [18] has a very significant impact because
of its interaction with both. In addition, amiodar-

one, for example, may exhibit its interaction with
warfarin over an extended period of time, as it is
loaded slowly.

Pharmacodynamic interactions may include
synergism because of impaired hemostasis (eg,
with use of aspirin as an antiplatelet agent),

reduced clotting factor synthesis (liver disease),
competitive antagonism (dietary vitamin K), and
alterations in the vitamin K control loop and
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receptor, causing warfarin resistance, an uncom-
mon condition. The use of analgesic medications
with warfarin in elderly individuals often presents
the potential for interactions. In addition to the

synergism with salicylates and nonsteroidal anti-
inflammatory (NSAIDS) medications causing
bleeding because of their antiplatelet effect as

well as their potential to cause gastric ulceration,
doses of salicylates greater than 1.5 grams per day
[19] may increase the activity of warfarin (and the

INR) because of interference with the microsomal
P450 system. Even low dose aspirin (75 mg–
100 mg) administered concurrently with warfarin

is associated with increased rates of bleeding
[20,21]. Weekly doses of 2,275 mg to 4,579 mg
of acetaminophen has been associated with an
increase in the INR to 6 or greater in a cohort

of anticoagulation clinic patients [22].
Information regarding interactions of warfarin

with herbal medications is limited but growing

[23]. An interaction with ginkgo attributed to an
inhibition of CYP2C9 [16] was described in sev-
eral studies; however, a controlled trial failed to

demonstrate this interaction [24]. Hyperforin
found in St. John’s wort has been credited with
causing induction of the CYP2C9 microsomal

enzymes and reducing the anticoagulant effect of
warfarin [25]. Ginseng has also been found to in-
hibit warfarin. It has been postulated that ginseng
accelerates the clearance of warfarin [16], but

gingenosides have also been reported to alter
platelet aggregation in vitro and cause an increase
in bleeding in surgical patients [26]. An interaction

between dietary supplements of fish oils (2 grams
per day or more) and warfarin, causing an in-
crease in the INR, has been described in a study.

This interaction is attributed to the eicosapenta-
neoic acid and docosahexanoic acid of the
omega-3-polyunsaturated fatty acids [27]. A regis-
try of anticoagulant interactions with supplements

is available at http://www.clotcare.com.
A detailed listing of prescription drug interac-

tions with warfarin can be found in the drug

labeling, other references, or through the use of
computerized drug interaction programs. Data
regarding interactions with herbal preparations

are more difficult to obtain. In addition, many of
the studies investigating drug interactions with
warfarin were undertaken at a time when in-

clusion of elderly subjects was not required by
the United States Food and Drug Administration
or internationally. In addition, such studies are
often undertaken with one compound at a time.

Elderly individuals taking multiple medications
may be subject to unanticipated interactions.
Because of the numerous potential drug interac-
tions and the variable nature of these interactions
in terms of direction (increase or decrease the

INR), intensity, and timing, it is essential to
closely monitor the INR when adding or elimi-
nating a drug from a patient’s regimen when that

patient is concurrently taking warfarin.

Interactions caused by vitamin K,

diet, and concomitant disease

Vitamin K is a fat-soluble vitamin generally
derived from phylloquinones in plant material
that can alter warfarin’s dose-response relation-

ship significantly [28]. Patient education is essen-
tial to develop a diet with a relatively constant
level of vitamin K and to identify foods rich in

vitamin K. Dietary supplements (Table 1) and
specialized vitamin and mineral supplements,
such as Viactiv, a popular calcium supplement,

may also contain vitamin K and be administered
unknowingly to older adults receiving warfarin.
Patients taking warfarin should be educated to
examine nutritional labeling of foods and dietary

supplements. Grapefruit juice, however, does not
appear to alter the anticoagulant response to war-
farin [29].

A variety of medications, foods, and comorbid
diseases can interfere with absorption, as well as
intestinal bacterial synthesis of vitamin K. Serious

comorbid diseases leading to poor oral intake and
malnutrition can cause an increase in the activity
of warfarin because of a decline in vitamin K

intake, stores, and hepatic synthesis of clotting
factors. Broad-spectrum antibiotics can alter the
production of vitamin K by gastrointestinal flora,
particularly in patients with poor nutrition and

limited stores. Chronic alcohol use can increase
the clearance of warfarin [1], but the presence of
concomitant liver disease can potentiate the

action of warfarin. Significant wine use in patients
taking warfarin apparently has little effect on the
PT [30]. The metabolic rate has an impact upon

warfarin metabolism as well; increased catabolism
of coagulation factors occurs with fever, excess
use of thyroxine, and hyperthyroidism.

Warfarin skin necrosis

Warfarin skin necrosis is the most serious
adverse effect of warfarin outside of the risk of

hemorrhage, and is induced by a transient hyper-
coagulable state. This is often associated with the
administration of large loading doses of warfarin,

http://www.clotcare.com


Table 1

Selected nutritional supplements and dietary vitamin K1

Product

Vitamin K

(% daily needs)

Novartis Boost Drink 40

Novartis Boost/High Protein 40

Novartis Boost Breeze 0

Novartis Boost Plus 40

Novartis Boost Pudding 25

Equate 25

Equate; Plus 25

Ross Ensure; Plus 25

Ross Ensure; with calcium 35

Ross Ensure; with fiber 25

Ross Ensure 25

Ross Ensure High Protein 25

Ross Ensure Plus HN 25

Ross Ensure Powder 15

Ross Ensure Pudding 15

Ross AlitraQ 54 mg

Ross Enlive! 25

Ross Glucerna Meal Bars 28 mg

Ross Glucerna Shake 25

Ross Glucerna Snack Bars 15

Ross ProSure Shake 20 mg/8 fl oz

Ross NutriFocus 20 mg/8 fl oz

NESTLÉ Carnation Instant

Breakfast Powder

24

NESTLÉ Carnation Instant

Breakfast Ready-To-Drink

24

NESTLÉ Carnation Instant

Breakfast for the Carb Conscious

24

NESTLÉ Carnation Instant

Breakfast Lactose Free

11

NESTLÉ Carnation Instant

Breakfast Lactose Free Plus

17

NESTLÉ Carnation Instant

Breakfast Lactose Free VHC

35

NESTLÉ Carnation Instant

Breakfast Juice Drink

5

Novartis Resource Standard 25

Novartis Resource Plus 25

Novartis Resource Fruit Beverage 15

Novartis Resource Arginaid EXTRA 20

Novartis Impact Recover 20

Novartis Novasource 2.0 25

Ensure, AlitraQ, Enlive!, Glucerna, Prosure and Nu-

triFocus are registered trademarks of Ross Products,

a division of Abbott Laboratories.

Boost, Resource, Resource Plus, Impact Recover,

Arginaid and NovaSource are registered trademarks of

the Novartis Company.

Equate is a registered trademark of the Solartek Dist.

Company.

Carnation Instant Breakfast is a registered trade-

mark of the Nestle Corporation.

Adapted from http://www.ptinr.com/data/templates/

article.aspx?articleid¼192&zoneid¼1.
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and may effect individuals with congenital or
acquired protein C or S deficiency, acquired
functional protein C deficiency, and factor V

Leiden [31,32]. Affected individuals develop skin
lesions within several days. They begin as an
erythematous macule that, if untreated, progresses
to an indurated lesion with purpuric regions,

which ultimately becomes necrotic.
Clinical management

Optimal therapeutic range

The response to warfarin can be assessed
through use of the PT. The PT increases, as

compared with a control value, with a reduction
in levels of factors II, VII, and X, each according
to their half-life, because of warfarin suppression
of new synthesis of the vitamin K-dependent

factors. The PT test requires thromboplastin.
Different thromboplastins vary in responsiveness,
as quantified by their international sensitivity

index (ISI). The INR is a standardized method
of monitoring and reporting the response to
warfarin. It is calculated from the PT, which has

been calibrated for the ISI of the thromboplastin
used. With administration of warfarin, the INR
initially increases because of a reduction of factor

VII, which has a 6-hour half-life, the shortest of
the vitamin K-dependent coagulation factors.
Despite the early change in INR, however, the
suppression of factor VII levels confers a minor

antithrombotic effect.
The optimal intensity of warfarin treatment for

the major clinical indications, as designated by

a range of values for the INR [1], has been deter-
mined by consensus, informed by clinical trials,
case series, and other studies. These guidelines

for the target INR reflect differences in the throm-
bogenic potential of various conditions, and
therefore vary according to the indication. The

upper limit of the therapeutic range for a given
indication reflects data regarding bleeding risk
along with thrombogenic potential. The lower
limit of the recommended range is determined

by efficacy of various intensities of the warfarin
examined. When prescribing therapy for an indi-
vidual patient, however, an individual assessment

of bleeding risk and thrombogenic potential,
based upon risk factors, is needed. The use of
a lower target for the INR in older adults (ie,

‘‘low dose’’ warfarin) is controversial and may
not be supported by current data for various
indications [33,34].
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Initiation of therapy

As the anticoagulant and antithrombotic ef-
fects of warfarin take several days to occur.
Patients at immediate risk require concurrent

treatment with other anticoagulants, such as
heparin or low molecular weight heparins. Hepa-
rin is usually continued until the INR is the
therapeutic range. Heparin at therapeutic levels

has a minimal impact on the INR.
A number of investigators have sought to

identify the ideal regimen for initiating warfarin

therapy. Several studies undertaken in the hospi-
tal setting indicate that larger loading doses
(20 mg) provide no advantage in achieving a ther-

apeutic level in a timely fashion, often leading to
a high INR, and have a greater potential to induce
a transient hypercoagulable state by causing a sud-
den decrease in protein C during the first 36 hours

of warfarin therapy. Furthermore, initiation with
a 5-mg initial dose was found to be superior to
10 mg [35,36]. A study of subjects treated with

warfarin after heart valve replacement, who were
randomized to receive an initial dose of either
2.5 mg or 5 mg of warfarin, showed that the lower

dose was more effective [37]. Conversely, in sub-
jects with acute venous thrombosis in whom war-
farin was initiated in the out-patient setting, initial

administration of 10 mg of warfarin allowed
a more rapid achievement of a therapeutic INR
[38]. This sample, however, did not consist of
exclusively elderly patients.

Subsequent dosing also requires careful selec-
tion of dose amounts. In a recent study of
warfarin induction in elderly inpatients, most of

whom had acute venous thromboembolic disease,
a 4-mg dose was given for the first 3 days of
treatment. The dosage was then adjusted accord-

ing to the INR on day 3 through use of an
algorithm, which predicted the maintenance dose
with a low rate of overanticoagulation [39]. Sev-
eral nomograms [35,36,40] have been used to as-

sist dosing. Computer software programs [41–43]
are also available to assist with determining initial
and subsequent doses of warfarin. The time-

in-therapeutic range (TTR) is comparable or
somewhat superior to manual dosing by experi-
enced medical staff at lower INR ranges (71% ver-

sus 68%) [44], but the major advantage was seen
for higher doses, as clinicians may be over cau-
tious dosing in this range. Computerized dose

management has not been demonstrated to pro-
vide improved clinical care, but may assist in clin-
ical settings in which access to medical staff
experienced with warfarin dose adjustment is lim-
ited. Some programs can establish dosing from in-
duction of therapy, whereas others are only useful
in maintenance dosing and require prior data.

Gage [45] has examined the use of nomograms
and computer modeling for warfarin dosing. He
suggests the following: a patient with a baseline

INR of 1, who achieves an INR greater than
1.5 obtained 15 to 24 hours after the initial dose,
will require a very low daily dosage of warfarin

(eg, 1 mg). If the INR is 1.2 to 1.3, the patient
will require a low daily dosage (2 mg–3 mg) and
a second dose of 5 mg should be given. If the

INR remains 1 to 1.1 after a second dose of
5 mg, a higher dose (eg, 7.5 mg) can be given.

Warfarin dosing varies with age and gender
because of pharmacodynamic issues, dietary

changes, polypharmacy, and clinical status. A
recent study of warfarin maintenance dosing
patterns in clinical practice indicated that the

median dose for men with AF, aged 60 to 69,
was 4.6, whereas for women it was 4. For men
aged 70 to 79, the median dose was 4.3, versus 3.5

for women; and for men aged 80 to 89 it was 3.9,
versus 3.2 for women. The median doses were
slightly greater for patients receiving anticoagula-

tion for venous thromboembolic disease, but
demonstrated the same trend of decreased dose
with age and female gender [46].

Each study has examined dosing regimens in

different groups of patients according to age and
pathology, and in different settings. It is clear,
however, that a uniform dosing regimen will not

fit all patients, and that lower initial and mainte-
nance doses are required in the elderly because of
the increased pharmacodynamic effect. In addi-

tion, consideration of the patient’s body weight,
serum albumin, significant comorbid diseases
(particularly congestive heart failure or liver
disease) and the use of medications with potential

interactions, require adjustment of initial dosing
regimens.

Monitoring of maintenance therapy

Warfarin is often initiated in the hospital
setting, where it is often administered in the
evening. The INR is obtained with morning
laboratory testing, allowing time in the afternoon

to obtain the results and determine the next dose
for that evening. This may not allow for sufficient
time for the warfarin effect to be demonstrated.

Gage suggests that INR testing be done 15 hours
or more following administration of the first dose
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[45]. Warfarin should be administered in the after-
noon if INR monitoring is done the following
morning; if warfarin is administered in the even-

ing, INR monitoring should occur the following
afternoon. Many patients continue to dose warfa-
rin in the evening following hospital discharge,
believing there is a rationale for this timing. The

relationship of timing of dosing and adherence
to warfarin therapy has not been studied. Adher-
ence with warfarin therapy has been significantly

associated with older age and higher income [47].
The optimal frequency of INR testing to

maintain patients within therapeutic range is not

clear, and individual patients exhibit fluctuations
of the INR with changes in diet, medications,
clinical status, and medication adherence. At these
times, more frequent testing is advisable. When

warfarin therapy is initiated, INR monitoring is
usually done every few days until a result within
the optimal therapeutic range is achieved. The

INR is then usually obtained weekly for 1 to
2 weeks or more, to verify dosing by stability of
the INR within range. Commonly, testing is then

obtained biweekly for 1 to 2 weeks. If the INR
remains stable within the therapeutic range and all
else remains constant, the duration between tests

can be extended to no less often than monthly.
Consensus guidelines recommend that the fre-
quency of testing not exceed every 4 weeks [1],
and some data suggest that the quality of manage-

ment is improved if testing is more frequent.
The quality of anticoagulation management,

meaning the proportion of time that patients are

within the TTR, has been used as a tool to assess
different models for monitoring warfarin with
different testing frequencies. In addition to the

intensity of therapy, the stability of therapy is also
important, as the time during which the INR
fluctuates above the therapeutic range presents
periods of increased risk for hemorrhage. The

elderly can be managed to achieve a similar TTR
as patients of other ages. In a study of warfarin
management by an anticoagulation clinic, the

elderly patients had a similar TTR and rate of
hemorrhage [48].

In addition, TTR and stability of INR values

have been found to improve after the first 6 to 12
weeks of therapy. It is unclear if this reflects any
physiologic change, or that individuals who are

difficult to manage or experience hemorrhages
early are eliminated from study, producing a ‘‘sur-
vivor bias.’’ Nevertheless, in a meta-analysis of
patients treated with warfarin with venous throm-

boembolism, the case-fatality rate for major
bleeding was 13.4% across 33 trials, and 9.1%
after 3 months of therapy. The rate of intracranial
hemorrhage was 1.15 per 100 patient-years for all

patients, and 0.65 per 100 patient-years after
3 months of therapy [49], demonstrating that the
greater stability in INR achieved over time re-
duced the risk of hemorrhage from excessive

anticoagulation.

Systems for monitoring maintenance therapy

Clinical systems for monitoring warfarin ther-

apy include ‘‘usual care,’’ in which the INR is
obtained at physicians’ offices, anticoagulation
management services or clinics which obtain the

INR and manage therapy, and home monitoring.
Point-of-care monitoring systems in which the
INR is determined from a fingerstick sample of

blood can be employed at home, in the doctor’s
office, or in a clinic. The TTR across several
studies of usual care in physicians’ offices ranges

from 34% to 64%, as compared with 61% to 92%
for anticoagulation management services [1]. Al-
though anticoagulation management systems
appear to achieve a superior TTR, the frequency

of testing was not comparable between studies,
and often the patient samples studied were not
randomized. Randomized controlled trials of war-

farin have achieved TTR from 44% to 83%.
Point-of-care PT monitoring systems calculate

a PT or INR from measured thromboplastin

clotting times on fingerstick samples, and can be
used within medical settings or for patient self-
testing at home. Studies of point-of-care home

monitoring demonstrate a TTR of 56% to 93%.
Issues remain regarding calibration and the
reproducibility of INR results on different systems
[1]. One study compared the cost of care for INR

testing by home health nurses caring for 35 home-
bound elderly patients, between obtaining the
sample at the patient’s home and transporting

them to a central laboratorydincluding materials,
procedures, transportation and labordwith
a point-of-care PT monitoring system. The cost to

obtain an INR test was $6.86 with the point-of-
service model, versus $17.30, with close agree-
ment between the two values for those results
falling below an INR of 3.5, but with greater

disparity for higher values [50].

Management of nontherapeutic INRs

Recommendations for management of patients
in whom an INR result is above the therapeutic
range are based upon clinical experience and
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consensus guidelines, as clinical trials have not
been undertaken. Options for management in-
clude withholding further doses, administration of
vitamin K, and the administration of coagulation

factors. Decisions about management of a patient
with an INR above the therapeutic range not only
rests upon the value of the INR and the clinical

status of the patient with regard to bleeding, but is
also influenced by other factors. In patients with
an INR greater than 6, in whom two doses of

warfarin were withheld, the INR returned more
slowly to baseline in patients of older age, those
with a lower maintenance dose, and in those with

decompensated congestive heart failure or cancer.
The current guidelines established by the

Seventh American College of Chest Physicians
Conference on Antithrombotic and Thrombolytic

Therapy [1] recommend:

INR less than 5 and no significant bleeding:
lower the dose or omit a dose, monitor

more frequently, and resume therapy at
a lower dose when the INR has fallen into
the therapeutic range.

INR 5 to less than 9 without bleeding: omit the

next one to two doses, monitor more fre-
quently, and resume therapy at a lower
dose; or, alternatively, omit a dose and

administer vitamin K1 (1 mg–2.5 mg) orally,
which should result in a reduction of the
INR in 24 hours.

INR greater than 9 and no significant bleeding:
hold warfarin and administer vitamin K1
(5 mg–10 mg) orally, which should result in

a reduction of the INR in 12 to 24 hours;
the INR can be monitored closely and addi-
tional vitamin K1 can be given as necessary.
Warfarin can be resumed at a lower dose

when the INR reaches therapeutic levels.
In patients with serious bleeding and elevated

INRs: recommendations are to hold warfa-

rin and give vitamin K1 (10 mg) by slow
intravenous infusion supplemented with
fresh frozen plasma, prothrombin complex

concentrate, or recombinant factor VIIa,
depending on the urgency of the situation.

With life-threatening bleeding and elevated
INRs:warfarin should be held and prothrom-

bin complex concentrate or recombinant
factor VIIa, and vitamin K1 (10mg) by slow
intravenous infusion should be given.

Oral vitamin K is preferred over subcutaneous
or intravenous therapy, as it was found to lower the

INR more rapidly in asymptomatic patients who
have INR values above the therapeutic range while
receiving warfarin [51]. Oral vitaminK, however, is
most often available in the United States in 5-mg
tablets, allowing dosing of 2.5mg for low dose ther-

apy rather than 1 mg. Nevertheless, a reduction in
the INR occurs 6 to 12 hours following vitamin K
administration. Prothrombin complex concentrate

contains factors II, IX, andX, and low levels of fac-
tor VII. Fresh frozen plasma can be added as
a source of factor VII. Both can more rapidly

reduce the INR, although they require a significant
infusion of fluid and products.

Hemorrhagic risk

Intracranial hemorrhage is the most feared site
for hemorrhage associated with warfarin therapy,
as patients rarely fully recover. The most common

sites for bleeding in patients treated with
anticoagulants are the gastrointestinal tract, gen-
itourinary tract, and soft tissues [52–54]. In
a meta-analysis of six clinical trials of anticoagula-

tion for AF, major bleeding occurred in 2.2 pa-
tients per 100 patient-years, with hemorrhagic
stroke in 0.5 patients per 100 patient-years, and le-

thal bleeding in 0.4 patients per 100 patient-years
[55]. In the SPORTIF III and V trials in which
warfarin was a comparator for prevention of

stroke in patients with nonvalvular atrial fibrilla-
tion, the rate of intracranial hemorrhage, includ-
ing both hemorrhagic strokes and subdural

hematomas, was 0.4%, and the rate for major
hemorrhage was 2.5% per year [56,57].

Rates of hemorrhage in clinical trials may not
reflect that experienced in the community. In

a prospective study of rates of hemorrhage in
elderly patients in the community, the cumulative
incidence ofmajor hemorrhage for patient less than

80 years of age was 13.1 per 100 person-years,
versus 4.7 for those aged 65 to 80 years [58]. In
addition, both treatment-specific factors, which

are potentially modifiable (the intensity, stability,
and duration of coumadin use, as well as use of
other medications increasing bleeding risk), as

well as patient-specific risk factors (which are not
usually modifiable) must be assessed when estimat-
ing the risk of hemorrhage in an individual patient.

Treatment characteristics and bleeding risk

It is clear from clinical trial data that the
intensity of warfarin therapy is the most impor-

tant risk factor for hemorrhage from any site,
independent of the risk factor [59,60]. An INR
greater than 4 confers a markedly increased risk
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for intracranial hemorrhage [61]. The rate of war-
farin-associated major hemorrhage and intracra-
nial hemorrhage among patients admitted to the

Brigham and Women’s hospital has increased
from 20.2% and 1.9%, respectively, from the pe-
riod 1995 to 1998, to 33.3% and 7.8% during
the period 1998 to 2002 [62]. Excess anticoagula-

tion contributed independently to the increase in
morbidity and mortality [63]. The intensity of
therapy is described by the recommended thera-

peutic range; the recommended duration of ther-
apy is determined by the indication, which is
discussed in subsequent articles in this issue.

The use of concomitant medications that po-
tentiate bleeding risk, such as aspirin, clopidogrel,
and NSAIDs, further increases the risk for hemor-
rhage while being treated with warfarin. These

medications are commonly prescribed for elderly
individuals because of the prevalence of cardiovas-
cular disease and osteoarthritis in this population.

Patient characteristics and bleeding risk

Despite the fact that age is also associated with
other independent risk factors for hemorrhage
and with the use of medications, which may

interact with warfarin or potentiate bleeding
risk, it appears that age is an independent risk
factor for major hemorrhage, although this re-

mains controversial. In the Stroke Prevention in
Atrial Fibrillation trial, the rate of major bleeding
for subjects receiving warfarin was 2.3% per year;

however, the rate for those under the age of 75
was 1.7% and for those above, 4.2% per year [64].
In addition to increasing the risk for nonspecific

hemorrhage, it appears that age is a specific risk
factor for intracranial hemorrhage, with a 40% in-
crease per decade [61].

The risk for bleeding increases with the pres-

ence of several comorbid conditions, habits, and
medications. Patients with recent hemorrhage or
a history of gastrointestinal hemorrhage, stroke,

liver disease, and renal insufficiency are at
increased risk. Uncontrolled hypertension and
treated hypertension, stroke, and cancer have

also been associated with an increased risk of
hemorrhage for patients treated with warfarin.

A recent study reviewed the literature regard-
ing gastrointestinal hemorrhage in patients

treated with warfarin, and applied decision-ana-
lytic modeling to define risk factors. It concluded
that persons with spontaneous (ie, non-NSAID

related) upper gastrointestinal tract bleeding
which has resolved, and who have been evaluated
and treated for Helicobacter pylori, if appropriate,
appear to have no increased risk of hemorrhage
than persons without a history of upper gastroin-

testinal hemorrhage [65].
Patients who fall have presented another group

of patients in whom the risk of hemorrhage may be
increased, particularly intracranial hemorrhage.

Many physicians have been reluctant to prescribe
anticoagulants for fallers. Man-Song-Hing and
colleagues conducted a Markov decision analysis

to evaluate the risk of falling and sustaining a sub-
dural hematoma (SDH), versus the benefit of
stroke prevention for older adults with AF treated

with warfarin and average risks of stroke and falls
[66]. After an extensive review of the literature, they
began their analysis with the following assump-
tions: 33% of community-dwelling elderly fall

yearly and the rate of SDH in the elderly is
0.0004 per patient-year; thus, the relative risk of
developing an SDH in persons who fall as com-

pared with those who do not is 1.4. They concluded
that for patients with an average risk of stroke (5%
per year if untreated), the risk of SDH from falling

is so small that the individual would need to fall 300
times a year for the risks of anticoagulant therapy
to outweigh its benefits.

Assessment of bleeding risk

Prediction rules can assist in assessing bleeding
risk. The modified Outpatient Bleeding Risk Index
[67] assigns one point each for age greater than 65

years, history of gastrointestinal bleeding, history
of stroke, and one ormore specific comorbid condi-
tion (recent myocardial infarction, hematocrit of

less than 30%, renal insufficiency with a creatinine
of greater than 1.5mg/dl, or diabetes mellitus). A
low risk for major bleeding (0 points) using this
instrument confers a 2% risk within 3 months and

3%for 12months; an intermediate risk (1–2 points)
confers a 5% 3-month risk and a 12% 12-month
risk; and a high risk (3–4 points) confers a 23%

risk for major bleeding within 3 months and
a 48% risk within 12months. Using the Outpatient
Bleeding Risk Index to stratify patients for risk,

Beyth and colleagues undertook a randomized
study of usual care versus a multicomponent inter-
vention to prevent major bleeding complications in
older patients receiving warfarin for treatment of

a thromboembolic disease. The intervention con-
sisted of patient education about warfarin, training
to increase patient participation, self-monitoring of

the PT, and nomogram-based management of
warfarin dosing. At 6 months, the TTR for the
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intervention groupwas 56%versus 32%in controls,
major bleeding was 5.6% versus 12% in controls,
and death and thromboembolic complications
was similar between the two groups. Other risk

assessment instruments may include and weigh
risk factors for bleeding differently [68,69].
Summary

Elderly patients as a groupmay present more of

a challenge in managing warfarin therapy because
of alterations in pharmacokinetics from other
medications, diet, and disease; pharmacodynamic

changes; increased risk for hemorrhage; and
difficulty in monitoring. The elderly, however,
may derive the most benefit from warfarin therapy
for certain indications, such as the prevention of

stroke in atrial fibrillation or recurrent events
following deep venous thrombosis, as their risk
of thromboembolic disease is often significantly

greater than that observed in other populations.
With careful attention to these issues, warfarin can
be managed as effectively as in other populations.
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Thrombin is the key effector enzyme responsi-
ble for the final step in thrombus formation.

Because of the central role it plays in thrombus
generation, propagation, and stabilization, effec-
tive inhibition of thrombin is crucial in the
prevention and treatment of thrombotic disorders.

Thrombin can be inhibited indirectly or directly.
Traditional anticoagulants, such as heparin (un-
fractionated and fractionated) and vitamin K

antagonists are indirect inhibitors of thrombin.
Indirect thrombin inhibitors have comprised the
most frequently used anticoagulants in clinical

practice for the last five decades. Although
effective if appropriately used, these traditional
anticoagulant agents are also fraught with many
limitations, such as unpredictable anticoagulant

response, need for routine dose adjustments and
anticoagulant monitoring, heparin-induced
thrombocytopenia (HIT), genetic variations in

response, binding to various proteins and cells,
and lack of inhibition of clot bound thrombin [1].
In recent years, much emphasis has been placed

on the development of direct thrombin inhibitors
(DTI) and other novel classes of antithrombotic
agents with more selective mechanisms of action

that may offer benefits over traditional agents in
the treatment and prevention of various throm-
botic disorders. The DTIs exert their effect by in-
teracting directly with the thrombin molecule

without the need of a cofactor. These agents offer
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many advantages over heparin including the inhi-
bition of both circulating and clot-bound throm-

bin; a more predictable anticoagulant response
because they do not bind to plasma proteins and
are not neutralized by platelet factor 4; lack of re-
quired cofactors, such as antithrombin or heparin

cofactor II; inhibiting thrombin-induced platelet
aggregation; and absence of induction of im-
mune-mediated thrombocytopenia. The DTIs

have been studied for many indications, such as
HIT, prophylaxis and treatment of venous throm-
boembolism (VTE), acute coronary syndromes

with and without percutaneous transluminal coro-
nary angioplasty, and nonvalvular atrial fibrilla-
tion (AF) [2]. The prototype of this class is
hirudin, which was originally isolated from the

salivary glands of the medicinal leech, Hirudo
medicinalis. More recently, through recombinant
DNA technology several synthetic analogues

have also been produced. Currently, four paren-
teral agents (lepirudin, desirudin, bivalirudin,
and argatroban) have been approved for use in

the United States, and various oral compounds
are in clinical development (Table 1).
Parenteral direct thrombin inhibitors

Hirudin

Hirudin was the first agent of the DTI class

developed for clinical use. Hirudin is a 65–amino
acid polypeptide (7000 d), originally produced
from the salivary glands of the medicinal leech

(H medicinalis) [3]. Hirudin itself is not commer-
cially available; however, its discovery led to the
development by recombinant technology of
ts reserved.
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Table 1

Pharmacologic and clinical properties of direct thrombin inhibitors

Properties Lepirudin Desirudin Bivalirudin Argatroban Ximelagatran Dabigatran

Route of

administration

IV or SC (bid) IV or SC (bid) IV IV PO ximelagatran PO (qd or bid)

SC melagatran

Indication Prophylaxis or

treatment of

thrombosis in

patients with

HIT

DVT prevention

after THA (not

available in

the US)

Patients with UA

undergoing

PTCA; PCI with

provisional use

of GPI; Patients

with or at risk of

HIT/HITTS

undergoing PCI

Prophylaxis or

treatment of

thrombosis in

patients with

HIT; patients

at risk for HIT

undergoing PCI

Investigated for VTE

prevention and

treatment and

stroke prevention

in AF; Approval

denied by FDA in

October, 2004

Investigational for

VTE prevention

and treatment and

stroke prevention

in AF

Binding to thrombin Irreversible catalytic

site and exosite-1

Irreversible catalytic

site and exosite-1

Partially reversible

catalytic site and

exosite-1

Reversible catalytic

site

Reversible catalytic

site

Reversible catalytic

site

Half-life in healthy

subjects

1.3–2 h 2–3 h 25 min 40–50 min 3–5 h 14 h-17 h

Monitoring aPTT (IV) aPTT (IV) aPTT/ACT aPTT/ACT * *

SCr/CrCL SCr/CrCL SCr/CrCL Liver function SCr/CrCL SCr/CrCL

Liver function Effect on liver

function unclear

at this time

Clearance Renal Renal Proteolytic and renal Hepatic Renal Renal

Antibody

development

Antihirudin

antibodies in up to

60% of patients

Not reported May cross–react

with antihirudin

antibodies

No Unknown Unknown

Effect on INR Slight increase Slight increase Slight increase Increase Unpredictable and

variable

Unpredictable and

variable

Abbreviations: ACT, activated clotting time; AF, atrial fibrillation; aPTT, activated partial thromboplastin time; bid, twice daily; CrCL, creatine clearance; DVT, deep vein

thrombosis; GPI, glycoprotein IIb-IIIa inhibitor; HIT, heparin-induced thrombocytopenia; HITTS, heparin-induced thrombocytopenia and thrombosis syndrome; IV, intra-

venous; PCI, percutaneous coronary intervention; PO, oral; PTCA, percutaneous transluminal coronary angioplasty; qd, daily; SC, subcutaneous; SCr, serum creatinine;

THA, total hip arthroplasty; UA, unstable angina; VTE, venous thromboembolism.

* Routine monitoring of anticoagulant effect may not be necessary.
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derivatives, namely lepirudin and desirudin. Lep-
irudin is available in the United States, whereas
desirudin is available in Europe [4]. Hirudins are
potent and specific thrombin inhibitors, forming

a stoichiometric and very slowly reversible com-
plex by binding to both the active site and exo-
site-1 of the thrombin molecule (Fig. 1). Because

of this bivalent binding, hirudins are considered
the most potent inhibitors of thrombin [3].

Lepirudin
Because of this strong, almost irreversible

bond between lepirudin and thrombin, bleeding
problems have been associated with its use. A
meta-analysis of studies in patients with acute
coronary syndrome showed hirudin to be associ-

ated with more bleeding than heparin (1.7%
versus 1.3%; odds ratio 1.28; 95% confidence
interval [CI], 1.06–1.55) [5]. Currently, there is no

pharmacologic antidote available to reverse the
effects of hirudin or its derivatives.

Lepirudin distributes to extracellular fluids and

is characterized by an initial half-life of approx-
imately 10 minutes after intravenous (IV) in-
fusion. Elimination follows a first-order process
and is characterized by a terminal half-life of 1.3

hours in young healthy volunteers. Metabolism
occurs by release of amino acids by way of
catabolic hydrolysis of the parent drug. Lepirudin

is primarily eliminated renally as unchanged drug
Fig. 1. Mechanism of action of direct thrombin inhibitors. (Ad

itors in cardiovascular medicine. Circulation 1994;90:1522–36;
(35%); dose adjustments are needed for patients
with renal impairment. In patients with marked
renal insufficiency (creatinine clearance !15 mL/
min) and on hemodialysis, elimination half-lives

are prolonged up to 2 days. The dose should be
monitored and adjusted to an activated partial
thromboplastin time (aPTT) ratio of 1.5 to 2.5 �
baseline because the bleeding risk increases above
this range with no increase in efficacy [2–4,6].

Lepirudin is indicated for anticoagulation in

patients with HIT and associated thrombosis to
prevent further thromboembolic complications. It
is contraindicated in patients with known hyper-

sensitivity to hirudins or to any of the components
of lepirudin [6]. Efficacy of lepirudin for HIT has
been documented through three prospective co-
hort trials using historical controls. In one trial,

a significant reduction in the combined end point
of mortality, amputation, and thromboembolism
was achieved with lepirudin compared with con-

trol patients (10% versus 23% at day 7 and
25% versus 52% at day 35, P ¼ .014) [7]. The sec-
ond trial found a nonsignificant trend favoring

lepirudin, but there were more frequent bleeds re-
ported in the lepirudin group compared with con-
trols (44.6% versus 27.2% at 35 days; RR 2.57;

P ¼ .0001, log-rank test) [8]. No difference was
seen in bleeding events requiring transfusion,
however, and there were no intracranial bleeds
observed in the lepirudin group. In the third trial,
apted from Lefkovits J, Topol EJ. Direct thrombin inhib-

with permission.)
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the combined endpoint occurred in 21% of pa-
tients, with major bleeding occurring in 19.5%
of patients [9]. A combined analysis of all three

HAT trials (HAT-1, HAT-2, HAT-3, n ¼ 403 to-
tal) showed a combined endpoint occuring in 82
patients (20.3%), with 47 deaths (11.7%), 22
limb amputations (5.5%), 30 new thromboem-

bolic complications (7.4%), and 71 (17.6%) major
bleeds [9]. Compared to the controls, the com-
bined endpoint after start of treatment was re-

duced (29.7% vs. 52.1%, p ¼ 0.0473), primarily
due to the reduction in new thromboses (11.9%
vs. 32.1%, p ¼ 0.0008). Mean lepirudin mainte-

nance doses ranged from 0.07 to 0.11 mg/kg/hr.
Major bleeding was more frequent in the lepirudin
patients (29.4% vs. 9.1%, p ¼ 0.0148). A retro-
spective observational analysis in 181 patients

with confirmed HIT treated in routine practice
used a mean lepirudin dose of 0.06 mg/kg/hr
[10]. Thrombotic events occurred in 13.8% of pa-

tients and 20.4% of patients experienced major
bleeding.Mean lepirudin dose was not a significant
predictor of thrombosis. However, mean lepirudin

dose greater than 0.07 mg/kg/hr, long duration of
treatment, and moderate to severe renal impair-
ment were significant positive factors for major

bleeding. These authors suggested that the
recommended lepirudin dose of 0.15 mg/kg/hr
is too high, and the use of reduced doses may be
safer with regard to bleeding without compromis-

ing efficacy. Other studies have reported that
actual doses of lepirudin given in HIT patients
were lower than those recommended [11–13].

Research is also being conducted on the use of
lepirudin for other indications. In a meta-analysis
of six trials with 28,545 total acute coronary

syndrome patients, using various forms of hirudin,
including lepirudin, significant reductions in the
risk of death or myocardial infarction (MI) were
reported compared with heparin-treated patients

(odds ratio 0.81, 95% CI, 0.73–0.91) [5]. Lepirudin
given at 1.25 mg/kg subcutaneously (SC) twice
daily was identified in a small dose-ranging study

of 121 patients as effective and safe for the treat-
ment of proximal deep vein thrombosis (DVT),
and caused fewer ventilation-perfusion abnormal-

ities after 5 days of treatment compared with
patients given IV heparin (P ¼ .006). There was
no difference between the groups in thrombus

extension or regression, major bleeding complica-
tions, or serious adverse events [14]. Other poten-
tial uses include maintenance of graft patency in
hemodialysis patients and percutaneous coronary

intervention (PCI) [3,15].
Product information recommends that lepiru-
din is given as an initial IV bolus of 0.4 mg/kg, up
to a maximum of 110 kg, given over 15 to 20

seconds, then a continuous IV infusion of 0.15
mg/kg/h [6]. However, due to concerns of poten-
tial anaphylaxis, a bolus dose is now only recom-
mended when life-threatening thrombosis is

present. Thus, patients with isolated HIT should
be treated with an initial infusion of 0.1mg/kg/
hour without a bolus [16]. The aPTT should be

checked 4 hours after starting the infusion, and
at least daily during treatment. If the aPTT is
above the target range of 1.5 to 2.5, the infusion

should be stopped for 2 hours, then restarted at
an infusion rate reduced by 50%, with no addi-
tional IV bolus. The aPTT should be checked
again in 4 hours. If the confirmed aPTT is below

the target range, the infusion rate should be in-
creased in steps of 20%, with a repeat aPTT deter-
mined 4 hours later. In general, the infusion rate

of 0.2 mg/kg/h should not be exceeded without
checking for coagulation abnormalities, which
might be preventive of an appropriate aPTT re-

sponse [6]. Because the agent is renally eliminated,
dosage adjustments and careful monitoring are
recommended in patients with renal impairment

(Table 2). When converting patients from IV lep-
irudin to an oral anticoagulant, the lepirudin dose
should be tapered to an aPTT ratio of slightly
more than 1.5 before oral anticoagulation therapy

(warfarin) is initiated. To avoid inducing a pro-
thrombotic effect when initiating oral anticoagula-
tion, parenteral anticoagulation should also be

continued for 4 to 5 days to overlap with warfarin.
Lepirudin should be discontinued when the inter-
national normalized ratio (INR) reaches the in-

tended therapeutic range. Warfarin loading
doses are not recommended, and warfarin should
only be initiated once platelet counts have begun
to normalize [3,6,15].

As with all anticoagulants, hemorrhage can
occur at any site in patients taking lepirudin. For
patients with increased risk of bleeding, careful

assessment of risks and benefits is recommended.
Concomitant use of lepirudin and thrombolytics
can increase the risk for bleeding complications

and enhance the effect of lepirudin on aPTT

prolongation. Formation of antihirudin anti-
bodies was observed in 40% to 60% of HIT

patients treated with lepirudin. This may increase
the anticoagulant effect of lepirudin possibly
because of delayed renal elimination of active
lepirudin-antihirudin complexes. Strict monitor-

ing of aPTT is necessary during prolonged



Table 2

Dosing considerations for direct thrombin inhibitors in patients with renal and hepatic dysfunction

Lepirudin Desirudin Bivalirudin Argatroban Ximelagatran Dabigatran

Renal

impairment

aBolus: 0.2 mg/kg Infusion: CrCl 31–60: 5mg

SC q12h

bBolus: no dose

adjustment

Dose adjustment

not required

per product

informationc

Dose adjustment

required; degree

of dose decrease

not defined.

Dose adjustment

required; degree

of dose decrease

not defined at this

time.

CrCL 45–60: 0.075 mg/kg/h CrCL !30:

1.7 mg SC q12h

Infusion:

CrCL 30–44: 0.045 mg/kg/h CrCL !30:

1 mg/kg/h

CrCL 15–29: 0.0225 mg/kg/h HD:0.25 mg/kg/h

CrCL !15: avoid or stop

infusion

HD: stop infusion & additional

IV bolus doses of 0.1 mg/kg

qod should be considered

if the aPTT ratio falls

below 1.5

Hepatic

impairment

Dose adjustment not required Dose adjustment

not required

Dose adjustment

not required

dInitiate at 0.5 mg/

kg/min, then

titrate to aPTT

1.5–3 � baseline

FDA approval

denied due to

liver toxicity

Unclear at this time

Abbreviations: aPTT, activated partial thromboplastin time; CrCL, creatinine clearance mL/min; HD, hemodialysis; SC, subcutaneous.
a Bolus dose should only be used when life-threatening thromboses is present; No bolus dose is recommended in patients with isolated HIT.
b In treatment of HIT, a lower dose of w 0.15 mg/kg/hr has been suggested without an initial bolus dose.
c Mean dose of 0.8 mcg/kg/min in patients with CrCL ! 30mL/min has been recently reported.
d Limited experience suggests that even lower doses may be needed.
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therapy. Because of coagulation defects secondary
to reduced production of vitamin K–dependent
clotting factors, serious liver injury, such as

cirrhosis, may enhance the effects of lepirudin
[2,3,6].
Desirudin
The technical difficulties of isolating sufficient

quantities of hirudin also led to the development
of desirudin. Desirudin (a recombinant hirudin) is
currently approved in the United States for DVT

prophylaxis in patients undergoing total hip re-
placement. Although approved for use, the agent
is not currently marketed in the United States;

however, it is available in Europe [4]. Desirudin
has been compared with both unfractionated hep-
arin (UFH) and low-molecular-weight heparin
(LMWH) for DVT prevention in patients under-

going major orthopedic surgery. In one trial, 445
patients were randomized to desirudin, 15 mg
SC twice daily, or UFH, 5000 units SC three times

daily, for 8 to 11 days. The first doses of both
agents were administered preoperatively. Desiru-
din was superior for prevention of total and prox-

imal DVT. Confirmed DVT occurred in 7%
versus 23% of patients in the desirudin and hepa-
rin groups, respectively (P!.0001), and proximal

DVT in 3% versus 16% (P!.0001). There were
no cases of pulmonary embolism (PE) during
the period when the medications were given; how-
ever, in the 6-week follow-up period, four PEs

were confirmed, all in patients who had received
heparin. No significant differences in blood loss,
transfusions, or bleeding complications were

noted between the treatment groups [17]. The re-
sults of a large clinical trial of 2079 patients
showed that desirudin, 15 mg SC twice daily

administered 30 minutes before surgery, is more
effective than enoxaparin, 40 mg SC once daily
started the evening before surgery, in preventing

total VTE in patients after total hip replacement
(18.4 versus 25.5%, P ¼ .0001, relative risk reduc-
tion 28%) and proximal DVT-PE (4.5% versus
17.5%; P ¼ .01; relative risk reduction ¼ 40%)

and has a similar safety profile [18]. It has been
suggested that the benefit from desirudin comes
from a more efficient mode of action, and timing

of the initial dose. Desirudin was also studied in
PCI in the HELVETICA randomized double-
blind study of patients undergoing angioplasty

and in a subset of patients with acute coronary
syndromes undergoing early PCI in the
GUSTO-IIb trial [19,20]. Both studies
demonstrated improved effectiveness of desirudin
over heparin, particularly among high-risk
patients.

Desirudin reaches maximum concentration
after being administered by the SC route after
1 to 3 hours, has a terminal elimination half-life
after SC dosing of approximately 2 hours, and

80% to 90% of the elimination is by renal
clearance and metabolism. The total urinary
excretion of unchanged drug amounts to 40% to

50% of the administered dose. The aPTT should
be monitored with desirudin in patients with
hepatic dysfunction or moderate renal impair-

ment. In patients with moderate renal impairment
(creatinine clearance 31–60 mL/min), mean area
under the curve was increased threefold, and in
severe renal failure (creatinine clearance !31 mL/

min) mean area under the curve was increased
ninefold compared with patients with normal
renal function. Dose reductions are recommended

for patients with renal impairment (see Table 2).
Daily aPTT levels and daily serum creatinine
levels should be monitored. Peak aPTT should

not rise to greater than two times control. If the
peak aPTT rises above this level, dose reductions
are made accordingly, and if necessary, the dose

should be held until the aPTT returns to less
than two times control. No specific pharmacologic
antidote for desirudin exists; however, the antico-
agulant effect can be partially reversed by throm-

bin-rich plasma concentrates, whereas aPTT levels
can be reduced by IV desmopressin, 0.3 mg/kg
[2–4,15,21,22].
Bivalirudin

Bivalirudin is a specific and reversible DTI,
consisting of a bivalent synthetic 20–amino acid

polypeptide, which is approved by the Food and
Drug Administration (FDA) for use in patients
with unstable angina undergoing percutaneous

transluminal coronary angioplasty, with provi-
sional use of glycoprotein IIb-IIIa inhibitor
(GPI) for use as an anticoagulant in patients
undergoing PCI, and in patients with or at risk

for HIT/HITTS undergoing PCI [23]. It directly
inhibits thrombin by specifically binding to both
the catalytic site and the anion-binding exosite

of circulating and clot-bound thrombin. The
binding of bivalirudin to thrombin is reversible
because thrombin slowly cleaves the bivalirudin-

Arg3-Pro4 bond, resulting in recovery of throm-
bin-active site functions [1–3,21]. This reversible
binding to thrombin is a proposed mechanism
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for an improved safety profile of bivalirudin as
compared with hirudin and heparin [1,24]. Simi-
larly to the other DTIs, no pharmacologic anti-
dote is currently available to reverse its effects.

Bivalirudin is mostly cleared by proteolytic cleav-
age and by hepatic metabolism, with approxi-
mately 20% eliminated renally. Patients with

moderate (creatinine clearance 30–60 mL/min)
and severe (creatinine clearance 10–29 mL/min)
renal impairment exhibit a 20% decrease in drug

clearance [21,23]. In patients with renal impair-
ment the bivalirudin infusion rate needs to be ad-
justed and monitoring of anticoagulation status

performed (see Table 2) [21,23]. In patients who
are hemodialysis dependent the clearance of biva-
lirudin is reduced by 80% and approximately 25%
is removed by hemodialysis. The half-life of the

drug in patients with normal renal function is ap-
proximately 25 minutes [21,23]. The activated
clotting time can be used to monitor the anticoag-

ulant effect of bivalirudin. Therapeutic activated
clotting time levels are achieved within 5 minutes
after initiating bivalirudin therapy, and activated

clotting time levels return back to subtherapeutic
levels within 1 hour of discontinuing the infusion
[21,23].

Bivalirudin dosing based on manufacturer’s
recommendation is 0.75 mg/kg IV bolus, followed
by an IV infusion at a rate of 1.75 mg/kg/h for the
duration of the PCI procedure that can be

maintained up to 4 hours. After the 4-hour initial
infusion, the rate is decreased to 0.2 mg/kg/h and
the infusion can be maintained for up to 20 hours

if needed [23]. In contrast to patients undergoing
PCI, in the treatment of patients with HIT no bo-
lus dose and lower bivaliruin infusion doses have

been evaluated: 0.15-0.2 mg/kg/hr [16].
Various studies have evaluated the use of

bivalirudin in patients with acute coronary syn-
dromes undergoing PCI. The Bivalirudin Angio-

plasty Study is the first such large clinical trial that
compared bivalirudin with high-dose heparin in
4312 patients undergoing PCI for non–ST eleva-

tion acute coronary syndromes or postinfarction
angina [25]. An intent-to-treat analysis comparing
differences in rates of death, MI, or repeat revas-

cularization at 7, 90, and 180 days after angio-
plasty was conducted. Compared with heparin,
bivalirudin reduced the composite end point in

patients undergoing PCI at 7 days (6.2% versus
7.9%, P ¼ .039), a benefit that was sustained at
90 days (15.7% versus 18.5%, P ¼ .012), but
was no longer significant by 180 days (23% versus

24.7%, P ¼ .153). Bleeding occurred in 3.5% of
the bivalirudin patients versus 9.3% in the heparin
group by 7 days (P!.001). This trial showed that
bivalirudin reduces ischemic complications and
bleeding after angioplasty, and that further com-

parison trials with GPI and for coronary stenting
were needed [25]. In the Comparison of Abcixi-
mab Complications with Hirulog for Ischemic

Events Trial (CACHET), a pilot trial, 268 patients
undergoing elective PCI were randomized to low-
dose heparin plus abciximab; bivalirudin (1 mg/kg

bolus, followed by 2.5 mg/kg/h for 4 hours) plus
abciximab (FDA-approved dosing); or bivalirudin
(0.5 or 0.75 mg/kg bolus followed by 1.75 mg/kg/h

continued until the end of the procedure) with
provisional abciximab [26]. Patients also received
aspirin and clopidogrel. Provisional abciximab
was used in 24% of the patients. No significant

differences in efficacy or complications were ob-
served, suggesting that bivalirudin with planned
or provisional abciximab may be at least as safe

and effective as heparin-abciximab during PCI
[26].

The Randomized Evaluation in PCI Linking

Angiomax to Reduced Clinical Events-1 (RE-
PLACE-1) trial randomized 1056 patients un-
dergoing elective or urgent revascularization in

a large-scale pilot study to heparin (70 units/kg
bolus) or bivalirudin (0.75 mg/kg bolus, 1.75 mg/
kg/h infusion during the procedure) [27]. All
patients received aspirin; pretreatment with clopi-

dogrel was encouraged and occurred in 56% of
patients, and GPI blockade was at the physician’s
discretion, occurring in 72% of cases. Stents were

placed in 85% of patients. The activated clotting

times were higher among patients randomized to
bivalirudin than among those given heparin be-

fore device activation (median, 359 versus 293 sec-
onds; P!.001). The composite efficacy end point
of death, MI, or repeat revascularization before
hospital discharge or within 48 hours occurred

in 5.6% and 6.9% of patients in the bivalirudin
and heparin groups, respectively (P ¼ .40). Major
bleeding occurred in 2.1% versus 2.7% of patients

randomized to bivalirudin or heparin, respectively
(P ¼ .52) [27].

To determine whether bivalirudin with GPIs

used in a provisional fashion if necessary during
the procedure could provide protection from
ischemic and bleeding complications of PCI

comparable with the current efficacy standard of
low-dose heparin plus routine GPI blockade,
while offering a potential advantage with regard
to cost, the authors conducted REPLACE-2. This

was a randomized, double-blind, heparin-GPI
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controlled international trial in 6010 patients
undergoing PCI [28]. Patients requiring reperfu-
sion for acute MI were excluded. Patients were

randomized to IV bivalirudin (0.75 mg/kg bolus
plus 1.75 mg/kg/h infusion for the duration of
the PCI) with provisional GPI (abciximab or ep-
tifibatide, using FDA-approved dosing), or hepa-

rin and planned GPI. More than 85% of all
patients received aspirin and a thienopyridine
for at least 30 days after PCI. Provisional GPI

was administered to 7.2% of patients in the biva-
lirudin group. At 30-day follow-up, the primary
quadruple composite (death, MI, urgent repeat

revascularization, or in-hospital major bleeding)
occurred in 9.2% of patients in the bivalirudin
group versus 10% in the UFH plus GPI group
(odds ratio 0.92; 95% CI, 0.77–1.09; P ¼ .32).

The secondary triple composite end point (death,
MI, urgent repeat revascularization) occurred in
7.6% of patients in the bivalirudin group com-

pared with 7.1% of patients in the UFH plus
GPI group (odds ratio 1.09; 95% CI, 0.90–1.32;
P ¼ .40). Both end points met formal statistical

criteria for noninferiority to heparin plus planned
GPI. Bivalirudin plus provisional GPI was associ-
ated with a significant 41% relative reduction

in in-hospital bleeding (2.4% versus 4.1%;
P!.001) [28]. In a subanalysis of patients with re-
nal dysfunction (creatinine clearance !60 mL/
min), bivalirudin provided suppression of ische-

mic events comparable with heparin and GPI in-
hibitors, regardless of renal function [29]. Fewer
bleeding events were seen with bivalirudin irre-

spective of renal dysfunction. Both of these results
are consistent with results of the overall trial.
Long-term follow-up to REPLACE-2 showed

that at 6 months there was no evidence that the
0.8% excess in non–Q-wave MI in the bivalirudin
group translated into increases in mortality [30].
Nonsignificant trends toward lower 1-year mor-

tality with bivalirudin were present in all patient
subgroups analyzed. Long-term (1 year) follow-
up with bivalirudin and provisional GPI is com-

parable with that of heparin and planned GPI.
An economic evaluation of REPLACE-2 con-
cluded that compared with heparin plus routine

GPI use, bivalirudin plus provisional GPI use re-
sulted in similar acute ischemic events and cost
savings of $375 to $400 per patient depending

on the analytic perspective [31]. In the Acute
Catheterization and Urgent Intervention Triage
Strategy (ACUITY) trial, 13,819 patients with
acute coronary syndromes were randomized to

one of three antithrombotic regimens:
unfractionated heparin or enoxaparin plus a gly-
coprotein IIb/IIIa inhibitor, bivalirudin plus a gly-
coprotein IIb/IIIa inhibitor, or bivalirudin alone

[32]. Bivalirudin plus a glycoprotein IIb/IIIa in-
hibitor, as compared with heparin plus a glyco-
protein IIb/IIIa inhibitor, was associated with
noninferior 30-day rates of the composite ische-

mia end point (7.7% and 7.3%, respectively), ma-
jor bleeding (5.3% and 5.7%), and the net clinical
outcome end point (11.8% and 11.7%). Bivaliru-

din alone, as compared with heparin plus a glyco-
protein IIb/IIIa inhibitor, was associated with
a noninferior rate of the composite ischemia end

point (7.8% and 7.3%, respectively; P ¼ 0.32; rel-
ative risk, 1.08; 95% confidence interval [CI], 0.93
to 1.24) and significantly reduced rates of major
bleeding (3.0% vs. 5.7%; P!0.001; relative risk,

0.53; 95% CI, 0.43 to 0.65) and the net clinical
outcome end point (10.1% vs. 11.7%; P ¼ 0.02;
relative risk, 0.86; 95% CI, 0.77 to 0.97).

Follow up results from the ACUITY trial
measured composite ischemia (death, myocardial
infarction, or unplanned revascularization for

ischemia) at 1 year [33]. At 1 year, no statistically
significant difference in rates of composite ische-
mia or mortality among patients with moderate-

and high-risk ACS undergoing invasive treatment
with the 3 therapies was found.

Additional studies have evaluated the use of
bivalirudin in patients with acute ST elevation MI

and patients with HIT. Bivalirudin was compared
with heparin in 17,073 patients undergoing fibri-
nolysis with streptokinase for acute ST elevation

MI [34]. Patients were given either an IV bolus
and 48-hour infusion of bivalirudin or heparin to-
gether with a standard 1.5 million unit dose of

streptokinase given directly after the antithrom-
botic bolus. The primary end point was 30-day
mortality, which showed no difference; 10.8% of
patients in the bivalirudin group and 10.9% in

the heparin group had died (P ¼ .85). There
were significantly fewer reinfarctions within 96
hours in the bivalirudin group than in the heparin

group (odds ratio 0.70; 95% CI, 0.56–0.87; P ¼
.001). The rates of moderate and mild bleeding
were significantly higher in the bivalirudin group

than the heparin group (respectively 1.32, 95%
CI, 1–1.74, P ¼ .05; and 1.47, 95% CI, 1.34–
1.62, P!.0001). No differences were found in

rates of severe bleeding, intracerebral bleeding,
and transfusions [34].

Various small trials and descriptive reports
also support the use of bivalirudin in patients

with HIT or history of HIT, [35–40]. In vitro
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studies showed no evidence of platelet aggregation
response when bivalirudin was combined with
sera from patients with history of HIT with or
without thrombosis [17].
Argatroban

Argatroban is a small molecular weight (527 d)
DTI that binds reversibly to the active site of

thrombin. Like the other DTIs, it is a direct
inhibitor of the thrombin molecule and does not
require a cofactor (ie, antithrombin III). Arga-

troban exerts its antithrombotic activity by in-
hibition of thrombin-catalyzed or induced
reactions, including fibrin formation; activation

of coagulation factors V, VIII, and XIII; activa-
tion of protein C; and platelet aggregation
[1–4,41]. It is selective for thrombin and has little
effect on related serine proteases. Metabolism is

hepatic by hydroxylation and aromatization.
Metabolism by CYP3A4-5 to four known metab-
olites plays a minor role. Unchanged argatroban

is the major plasma component. Plasma concen-
tration of the M1 metabolite forms 0% to 20%
of the parent drug and is threefold to fivefold

weaker [15,22]. The elimination half-life is 39 to
51 minutes, but extends to approximately 181
minutes in hepatic impairment; the dose should

be reduced when used in patients with hepatic dys-
function (see Table 2). Time to peak steady state
for drug levels and anticoagulant activity is 1 to
3 hours. The aPTT and activated clotting time

can be used to monitor the anticoagulant effect
of argatroban. The agent is excreted primarily
through biliary secretion, and no dose adjustment

is required for renal impairment. The initial rec-
ommended dose for argatroban is 2 mg/kg/min
given by IV infusion. However, recent reports in-

dicate using doses of argatroban lower than 1.5
mcg/kg/min [16]. Dosing is usually titrated to
maintain an aPTT of 1.5 to 3 times that of base-

line (not to exceed 100 seconds); however, the
maximum recommended dose is 10 mg/kg/min.
In patients with hepatic impairment the dose is
initiated at 0.5 mg/kg/min [41,42].

Argatroban does not interfere with heparin-
induced antibodies, and it is FDA approved for
the prophylaxis or treatment of thrombosis in

patients with HIT and also as an anticoagulant in
patients with HIT or at risk of HIT undergoing
PCI [41]. In a prospective cohort study of 418 pa-

tients with HIT, argatroban was compared with
185 historical controls [44]. The primary end point
was a composite of all-cause death, all-cause
amputations, or new thrombosis in 37 days. In pa-
tients with isolated HIT, this end point was re-
duced with argatroban compared with control
patients (28% versus 38.8%, P ¼ .04). A nonsig-

nificant trend toward a reduction in this end point
was observed in patients with HIT-associated
thrombosis (41.5% versus 56.5%, P ¼ .07). In-

creased bleeding rates were not observed with
argatroban. A second prospective cohort of simi-
lar design was performed in 160 HIT patients and

144 HIT–thrombosis syndrome patients treated
with argatroban and 193 historical controls (147
with HIT, 46 with HIT–thrombosis syndrome)

[45]. The same primary outcome measure was
used for this trial and was reached more often in
the HIT control group (25.6% versus 38.8%;
P ¼ .014). In the HIT–thrombosis syndrome

group, significance was not reached (43.8% versus
56.5%; P ¼ .13) for the primary outcome mea-
surement. Significant between-group differences

by time-to-event analysis of the composite end
point favored argatroban treatment in HIT (P ¼
.010) and HIT–thrombosis syndrome (P ¼ .014).

Argatroban therapy also significantly reduced
new thrombosis and death caused by thrombosis
(P!.05). Argatroban-treated patients achieved

therapeutic aPTTs generally within 4 to 5 hours
of starting therapy and, compared with control
subjects, had a significantly more rapid rise in
platelet counts (P ¼ .0001). Bleeding events were

similar between groups. The authors concluded
from both trials that argatroban therapy com-
pared with historical control improves outcomes,

particularly new thrombosis and death caused
by thrombosis, in patients with HIT without in-
creasing bleeding risk. A retrospective analysis

of acutely ill HIT patients identified 390 patients
who received argatroban (mean dose 1.9 mcg/
kg/min for a mean of 6 days) or historical control
therapy (n ¼ 98). The primary all-cause compos-

ite endpoint of death, amputation, or new throm-
bosis within 37 days occurred in 133 (34.1%)
argatroban-treated patients and 38 (39.8%) con-

trols (p ¼ 0.41). Argatroban significantly reduced
the primary thrombosis-related composite end-
point of death because of thrombosis, amputation

secondary to ischemic complications of HIT, or
new thrombosis (17.7% vs. 30.6%, p ¼ 0.007),
with similar rates of bleeding (7.7% vs. 8.2%,

p ¼ 0.84) [43].
Concomitant use of argatroban with warfarin

can cause increased prolongation of the INR
greater than that of warfarin alone and alterna-

tive guidelines for monitoring therapy should be
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followed. Loading doses of warfarin should not
be used, but rather, it should be started at the
expected daily dose. The INRs in patients on

warfarin and argatroban can be predicted at
doses between 1 and 2 mg/kg/min. At doses higher
than 2 mg/kg/min, the INR for warfarin alone
cannot reliably be predicted from the INR

obtained for warfarin plus argatroban. Argatro-
ban therapy can be stopped when the combined
INR on warfarin and argatroban is O4. Repeat

the INR measurement in 4 to 6 hours, and if the
INR is below the therapeutic level, argatroban
can be restarted. Repeat this procedure daily until

the desired INR on warfarin alone is obtained.
For patients receiving more than 2 mg/kg/min, it
is recommended to reduce the dose of argatroban
to 2 mg/kg/min, then measure the INR for

argatroban and warfarin 4 to 6 hours after dose
reduction [15,41,42]. In patients who are critically
ill with normal hepatic function, excessive antico-

agulation occurred with FDA-approved or lower
starting doses of argatroban. Doses between
0.15 and 1.3 mg/kg/min were required to maintain

aPTTs in the target range. Consider reducing the
starting dose to 0.5 to 1 mg/kg/min in critically ill
patients who may have impaired hepatic perfu-

sion (ie, patients on vasopressors, having de-
creased cardiac output, having fluid overload).
Patients with hepatic dysfunction may require
more than 4 hours to achieve full reversal of arga-

troban’s anticoagulant effect following treatment
[41,42]. In critically ill patients with multiple or-
gan dysfunction, a starting dose of 0.2 mcg/kg/

min has been recommended by some [46].
Oral direct thrombin inhibitors

For the last five decades little progress has been
made in the development of oral anticoagulants
and the choices have been mainly limited to the

vitamin K antagonists. ‘‘Sweet clover disease’’
first reported in the 1920s, a malady that consisted
of cattle dying of hemorrhagic complications after
the ingestion of spoiled sweet clover, eventually

led to the discovery of coumarin derivatives in the
early 1940s [47]. Since then, warfarin has basically
remained the sole oral anticoagulant in North

America and despite many efforts to develop
alternative oral agents, to date none succeeded.
Although an effective and widely used anticoagu-

lant, warfarin has certain limitations including the
need for frequent monitoring of anticoagulant
effect by the INR, large interindividual dosing
differences based in part on P-450 CYP2C9 activ-
ity, a narrow therapeutic index, interactions with
dietary vitamin K and a large number of other

medications, the need for constant patient educa-
tion, compliance, and frequent follow-up [48].
These limitations, make warfarin’s use complex
in the clinical setting, creating a burden for pa-

tients and health care providers alike. There is
clearly a need for other oral anticoagulant agents
that are less complex and easier for the clinician to

administer and manage. Many novel oral antith-
rombotic agents are currently in development,
with great potential to improve on the limitations

of vitamin K antagonists. Several oral DTIs are
being investigated [49]. Ximelagatran, the first
agent in the oral DTI class to be investigated,
never made it to the US market due to concerns

around liver toxicity. Despite this, many lessons
can be learned from the extensive clinical data
published to date as the stage is being set for

more novel compounds of the same class. Dabiga-
tran is another promising oral DTI now in Phase
III development.

Ximelagatran

Ximelagatran has been evaluated for throm-

boprophylaxis in patients undergoing major or-
thopedic surgery, stroke prevention in AF, and in
the acute treatment and secondary prevention of

VTE.

Chemistry, pharmacology, and pharmacokinetics

Ximelagatran is a prodrug that was specially
designed to overcome the poor oral bioavailability
of its active drug melagatran. Ximelagatran con-

tains two protecting residues, a hydroxyl and ester
group, creating a large increase in lipophilicity
and permeability coefficient across epithelial cells,

leading to an oral bioavailability of approximately
18% to 24% in humans with low interindividual
variability in resultant melagatran plasma levels

[50–53]. On absorption, ximelagatran is converted
to melagatran by either reduction of the hydrox-
yamidine to ethylmelagatran followed by hydro-
lysis to melagatran, or hydrolysis first to

hydroxylmelagatran followed by reduction to
melagatran [50,53]. Melagatran does not undergo
further metabolism, and is primarily excreted by

the kidneys. Ximelagatran itself, and the hydrox-

ylmelagatran, have minimal anticoagulant activity
[50]. Melagatran is a small-molecule DTI, with

a molecular weight of 429 d [51]. Melagatran’s
pharmacokinetic parameters after administration
of oral ximelagatran have been measured using
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parenteral melagatran as a comparator. A first-
order, linear one-compartment model has been
described. A linear dose-proportional increase in
area under the serum concentration curve ob-

served suggests that bioavailability is independent
of dose [50]. Ximelagatran is rapidly absorbed,
with peak concentrations achieved approximately

1 hour after administration [52]. The mean bio-
availability measured in young healthy males is
approximately 20% [51]. After oral ximelagatran

administration, the mean time to maximum mela-
gatran plasma concentrations is 1.8 to 3.3 hours;
volume of distribution 2 to 2.5 L/kg; plasma clear-

ance 23 to 34 L/h (approximately 48 L/h if renally
impaired); and elimination half-life between 2.6
and 4.8 hours (approximately 9 hours in renally
impaired) [53]. Mild to moderate hepatic impair-

ment has no apparent significant effect on the
pharmacokinetics or pharmacodynamics of xime-
lagatran [54]. With the exception of individuals

with significant renal impairment or very low
body weights, dosing reduction is not needed in
unique populations, such as obese patients (up

to 141 kg); various major ethnic backgrounds;
or advanced age (up to 77 years old) [55–58].
The therapeutic window of melagatran has been

shown to be wider than that of warfarin in a rat
model of arterial thrombosis [59]. Ximelagatran
and melagatran are not metabolized by known he-
patic microsomal enzymes and to date they seem

to lack significant CYP450 drug and food interac-
tions [60]. Ximelagatran’s bioavailability is not
affected if taken with concurrent food, if crushed

and mixed in applesauce, or if dissolved in water
and administered by a nasogastric tube [61].
Concurrent ethanol ingestion does not alter the

pharmacodynamics or pharmacokinetics of xime-
lagatran [62]. As with any other anticoagulant,
however, the concurrent use of ethanol can lead
to impaired cognitive function creating an inde-

pendent risk for bleeding complications. The
apparent lack of drug-drug and drug-food inter-
actions with ximelagatran could offer a major

clinical and practical advantage over warfarin
that is currently limited by a tremendous number
of interactions.
Clinical efficacy
An extensive clinical trials program involving

approximately 30,000 patients has been completed
to test the effectiveness of ximelagatran for
a variety of indications.
Orthopedic surgery
In patients undergoing major orthopedic sur-

gery, such as total hip arthroplasty or total knee
arthroplasty, current practice in North America is

to use pneumatic compression stockings, warfa-
rin, UFH, LMWH, fondaparinux, or some com-
bination thereof for VTE prophylaxis. Several

studies have compared the efficacy and safety of
ximelagatran and melagatran with LMWH or
warfarin for prophylaxis of VTE in patients

undergoing total hip arthroplasty or total knee
arthroplasty [63–69].

Melagatran-ximelagatran compared with low-
molecular-weight heparin. The Melagatran as pro-

phylaxis of THRombosis in Orthopedic surgery
(METHRO II and METHRO III) trials and the
EXpanded PRophylaxis Evaluation Surgery
Study (EXPRESS) were primarily conducted in

Europe in both hip and knee arthroplasty pa-
tients, and compared melagatran-ximelagatran
with once-daily LMWH started preoperatively

[63–65]. METHRO II was a phase II dose ranging
study. All three studies administered 3 mg of SC
melagatran at some point after surgery, followed

by twice-daily dosing until initiation of oral xime-
lagatran was started (usually the morning after
surgery) or when the patient could take oral med-
ication. The LMWH comparator (enoxaparin,

40 mg, or dalteparin, 5000 units daily) was started
the evening before surgery. One major methodo-
logic difference between the three studies was the

timing of the first SC melagatran dose. The VTE
outcomes for the LWMH arms in the three trials
were very similar, allowing for indirect compari-

son of the three different melagatran-ximelagatran
treatment groups. In the METHRO II and EX-
PRESS trials where SC melagatran was initiated

immediately after surgery, a significantly lower
rate of PE, total and proximal DVT compared
with LMWH was observed [63,65]. The melaga-
tran-ximelagatran combination reduced proximal

DVT and PE by greater than 40% in the knee pa-
tients and by 67% in the hip patients compared
with LMWH. Drainage from the wound site was

slightly higher in the ximelagatran arm, with
bleeding requiring reoperation very low at less
than 0.5% [65]. In the METHRO III trial, where

SC melagatran was initiated 4 to 12 hours postop-
eratively, the only outcome reaching statistical
significance was fewer total DVTs or PEs seen in

the total hip replacement subgroup receiving

enoxaparin (P ¼ .004). A post hoc analysis of
the METHRO III data showed a lower rate of
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total DVT-PE when melagatran was started at 4
to 8 hours (27%) versus 8 to 12 hours postopera-
tively (35.4%). This observation underscores the

importance of the timing of initiation of anticoa-
gulation therapy after total hip arthroplasty and
total knee arthroplasty. The overall incidence of
major bleeding for total hip arthroplasty and total

knee arthroplasty combined was no different be-
tween agents [64]. Parenteral melagatran was not
used in the studies predominantly enrolling pa-

tients in North America. Colwell and coworkers
[66] observed no significant decreases in total
DVT-PE or proximal DVT between enoxaparin,

30 mg SC twice daily, or ximelagatran, 24 mg
given orally twice daily, both started the morning
after surgery in patients undergoing total hip ar-
throplasty. Symptomatic DVT during treatment

occurred in fewer patients receiving ximelagatran.
As seen in the EXPRESS trial [65], postoperative
wound drainage was slightly higher, but not

statistically significant (P ¼ .372) with the use of
ximelagatran [66].

These four comparative trials of ximelagatran

versus LMWH help underline the importance of
the timing and the dose of the antithrombotic agent
relative to surgery [63–66]. Oral ximelagatran in

combination with SC melagatran given at the
time of hip or knee surgery was more efficacious
in two studies, but at the cost of slightly greater
bleeding rates [63,65]. When SC melagatran was

not administered immediately after surgery, bleed-
ing rates were comparable with LMWH, but effi-
cacy was relatively reduced [64,66].

Ximelagatran compared with warfarin. Three ma-

jor trials are presently available comparing xime-
lagatran, 24 or 36 mg twice daily started the
morning after surgery, with warfarin at an INR
target of 2.5 (range 1.8–3) begun the evening of

surgery in patients undergoing total knee arthro-
plasty [67–69]. The EXULT A trial [67] examined
both 24- and 36-mg doses of ximelagatran,

whereas Francis and coworkers [69] only evaluated
the 24-mg twice-daily dose, and EXULT B the 36-
mg twice-daily dose [68]. Although all the assessed

thrombotic outcomes were less frequent in the xi-
melagatran arms, statistical significance was ex-
hibited only in the ximelagatran 36-mg groups in
regard to a lower incidence of total DVT-PE com-

pared with the warfarin cohort (20.3% versus
27.6%, P ¼ .003 in EXULT A; and 22.5% versus
31.9%, P!.001 in EXULT B) [67,68]. Major

bleeding was not significantly different in any of
the three total knee arthroplasty trials. No
difference in postoperative bleeding was observed
between cohorts, and wound dehiscence occurred
in only 3 of the 1526 patients receiving ximelaga-

tran [67,68]. The degree of INR control differed
between the three trials. In EXULT-A warfarin
arm, 67% of the patients by day 3, and 75% of
the patients by the day of venography (mean

INR, 2.4), had an INR within 1.8 to 3 [67]. The re-
sults for EXULT B were similar to EXULTA [68],
whereas achieving INR target goals in the first

study by Francis and coworkers [69] was lower at
32% and 53%, respectively.

The magnitude of ximelagatran dose seems to

be an important factor linked to efficacy of the
drug in the three previously discussed trials. The
36-mg twice-daily dose used in the EXULT A and
B trials seemed to confer greater efficacy without

unduly increasing bleeding risk [67–69]. In EX-
ULT-A, the 36-mg ximelagatran group had simi-
lar bleeding and proximal DVT-PE rates as the

24-mg dose group, but was significantly better
than warfarin for total DVT-PE plus death
(27.6% versus 20.3%, P ¼ .003), whereas the

24-mg dose was not (27.6% versus 24.9%, P ¼
.28) [67]. Based on these observations, the 36-mg
dose of ximelagatran is most likely preferred in

patients undergoing total knee arthroplasty.

Treatment of venous thrombosis
The current standard of treatment for VTE

includes administration of either UFH or LMWH
for a minimum of 5 days and continued until INR

is O2 for 2 consecutive days. Warfarin is then
continued for at least 3 to 6 months, or longer if
indicated [70]. The role of ximelagatran in the

treatment of VTE as a potential alternative to cur-
rent anticoagulant therapies has also been investi-
gated. The THRombin Inhibitor in Venous

thrombo-Embolism (THRIVE) studies compared
the treatment of ximelagatran with standard anti-
coagulation or placebo for the acute treatment of

VTE and up to 6 months after the initial event
(THRIVE Treatment), and for an additional
18 months after the initial 6 months of standard
therapy (THRIVE III) [71,72].

The THRIVE treatment study evaluated the
safety and efficacy of ximelagatran, 36 mg twice
daily, in the treatment of acute DVT (of which

37% also had a PE) to at least 5 days of
enoxaparin, 1 mg/kg SC twice daily, and warfarin
adjusted to an INR of 2 to 3 over 6 months [71].

Ximelagatran was found to be noninferior to
enoxaparin combined with warfarin in preventing
recurrence of VTE after acute DVT with or
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without PE. Numerically, there was less major
bleeding and all-cause mortality in the ximelaga-
tran group compared with the enoxaparin-warfa-
rin group; however, the difference was not

statistically significant. Enrolled patients may
have been at low risk for VTE as evidenced by
the lower rate of recurrent VTE regardless of

treatment assignment (1.5%–2.1%) compared
with the typical expected rate of 3% to 6% using
standard treatment with either UFH or LMWH.

Nonetheless, the findings of this study raise the
possibility of treating VTE in the near future
with a single oral agent, potentially eliminating

the need for the combination of heparin-warfarin
anticoagulation.

The THRIVE III study compared a lower dose
of ximelagatran (24 mg twice daily) with placebo

for 18 months of extended anticoagulation for
secondary VTE prevention after an initial stan-
dard 6 months of anticoagulation with warfarin

[72]. The estimated cumulative rate for recurrent
VTE was significantly greater in the placebo
group, 12.6%, compared with the ximelagatran

group at 2.8% (P!.001). The major and minor
bleeding event rates were similar for treatment
and placebo groups. Further reduction in events

using the 36-mg dose (which has not been studied
in secondary prevention of VTE) of ximelagatran
may be possible and warrants further consider-
ation. This trial demonstrates the benefit of

long-term anticoagulation with low-dose ximela-
gatran for the prevention of recurrent VTE be-
yond 6 months of standard anticoagulant therapy.

Stroke prevention in atrial fibrillation

Patients with AF are at high risk of stroke and
require anticoagulation therapy. The incidence of
stroke is even higher in patients with additional

risk factors, such as congestive heart failure and
left ventricular failure, coronary artery disease,
hypertension, advanced age, diabetes mellitus,

history of a stroke, or transient ischemic attack
[73]. Warfarin is the standard of therapy in high-
risk AF patients because it has been shown to re-
duce the risk of stroke by approximately two

thirds. Despite this, warfarin is underused and it
is only prescribed in 47% to 59% of eligible pa-
tients [73]. The development of novel antithrom-

botic agents may allow for the removal of
existing barriers that prevent patients with AF
from receiving effective prophylactic therapy.

The Stroke Prevention by ORal Thrombin
Inhibition in atrial Fibrillation (SPORTIF) stud-
ies compared ximelagatran with standard
warfarin therapy for the prevention of stroke in
patients with nonvalvular AF and at least one
additional risk factor for stroke [74–76]. SPOR-
TIF III, a large (N ¼ 3467) phase III, randomized,

open-label trial compared ximelagatran, 36 mg
twice daily, with adjusted-dose warfarin (INR of
2–3). Patients from 23 countries were included in

this study and followed for an average of 17
months (range, 12–26 months per patient)
[74,75]. More than one additional stroke risk fac-

tor was present in 72% of patients. The primary
end point of the study was to demonstrate that xi-
melagatran was noninferior compared with war-

farin for the prevention of stroke and systemic
embolic events. The intention to treat event rate
was not significantly different between the two
groups: 1.6% per year with ximelagatran, and

2.3% per year with warfarin. Total bleeding rate
(major and minor) was significantly less for xime-
lagatran (25.5%) compared with warfarin

(29.5%) (P ¼ .007; 14% relative risk reduction).
Hemorrhagic strokes occurred in four (0.2% per
year) of the patients receiving ximelagatran and

nine (0.4% per year) of the patients receiving war-
farin. The intracranial bleeding rates were similar
to those observed with warfarin (0.3%) in several

recent AF trials. The secondary combined end
point of death, stroke, or major bleed for the
on-treatment analysis was significantly lower in
the ximelagatran treatment group (4.6%) as com-

pared with warfarin (6.1%) (25% relative risk re-
duction, P ¼ .022). The quality of warfarin INR
control was 66% of the time in the typical target

range of 2–3 and 81% time in range of 1.8 to
3.2. This INR control is much higher than what
is typically achieved in clinical practice. It is pos-

sible that a higher primary event rate for warfa-
rin-treated patients would be expected in clinical
practice where poor INR control is common [77].

SPORTIF V was another large, randomized

trial designed similarly to SPORTIF III, but was
double blinded and mainly conducted in North
America. SPORTIF V also compared ximelaga-

tran, 36 mg twice daily, with adjusted-dose
warfarin to an INR of 2–3 [74,76]. In the patients
enrolled, 75% had more than one stroke risk fac-

tor. The incidence of stroke and systemic embo-
lism was 1.6% per year in the ximelagatran
group versus 1.2% in the warfarin group (P ¼
.13). The combined incidence of primary events,
major bleeding, and death in SPORTIF V (on-
treatment analysis) was 5.8% for ximelagatran
and 6.3% for warfarin (relative risk reduction

7%, P ¼ .527). Similar to the SPORTIFF III trial,
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63% of patients were maintained with INR values
between 2 and 3, and 83% between 1.8 and 3.2.
This suggests that the warfarin arm received the

best possible therapy for analysis, which might
not occur in general clinical practice. The SPOR-
TIF trials demonstrated that ximelagatran is
equivalent to well-controlled warfarin for stroke

prevention in patients with AF.

Safety considerations
One of the major safety concerns associated

with ximelagatran use is the potential of develop-

ing drug-induced liver toxicity. An increase in liver
function tests (specifically alanine aminotransfer-
ase increases of more than three times the upper

limit of normal) with ximelagatran have been
reported in several trials. In the THRIVE III
extended prophylaxis trial [72], increased alanine
aminotransferase greater than three times upper

limit of normal was observed in 6% of patients
(compared with 1% in the placebo), with an esti-
mated cumulative incidence rate of 5.4% at 4

months and 6.4% at 18 months. The enzyme levels
normalized over a similar time course whether the
ximelagatran was continued or stopped. Enzyme

levels normalized in all but four patients. No pa-
tients progressed to symptomatic hepatic dysfunc-
tion in this study. In the THRIVE Treatment

study [71] the incidence of alanine aminotransfer-
ase elevation greater than three times upper limit
of normal was 9.6% in the ximelagatran arm
and 2% in the warfarin arm. Nine patients in

this study on ximelagatran also had bilirubin ele-
vations greater than two times normal. One of
these patients developed a suspected drug-induced

hepatitis without an alternative explanation, but
did recover after ximelagatran discontinuation.
Another patient with elevated bilirubin died

of fulminant hepatitis B. In the SPORTIF III
and V trials [75,76], the increase in alanine amino-
transferase of more than three times upper limit of

normal was seen in 6.1% and 6% of patients
receiving ximelagatran versus 0.8% on warfarin
(P % .001). The increase was most commonly
seen in the first 2 to 6 months of therapy. In

SPORTIF III [75], 55% of the ximelagatran pa-
tients with alanine aminotransferase greater than
three times upper limit of normal continued treat-

ment, for which 93% returned to normal. Of the
45% where treatment was stopped, 8% of patients
did not completely normalize. In SPORTIF III

[75] four patients developed jaundice. In SPOR-
TIF V [76] 14 patients had an increase in total
bilirubin greater than two times normal within
1 month of an alanine aminotransferase rise
greater than three times normal, an indicator of
a possible severe insult on the liver. A total of

five of these cases did not have an alternative diag-
nosis and two of these five patients died. Based on
the summary of these data, the FDA has estimated
that the rate of severe liver injury caused by xime-

lagatran was 1 in 200 patients [78]. Some experts
believe 10% of these individuals progress to liver
failure, liver transplant, or death [79]. If 1 in 200

patients have a sever liver insult on ximelagatran
and 10% of these lead to overt liver failure, it is
estimated that 1 in 2000 patients treated with

long-term ximelagatran progress to overt liver fail-
ure. In fact, three patients did die with circum-
stances the FDA believed could reasonably be
related to ximelagatran use, which is consistent

with the 1 in 2000 rate because this analysis had
6948 patients [78].

Another concerning finding from the pooled

Exult A and B studies [67,68] were coronary
artery disease–related adverse events. The number
and percentage of patients with these events (MI

or ischemia-angina) was 20 (0.75%) in the ximela-
gatran group and 5 (0.26%) in the warfarin group
(P ¼ .028). The number and percentage of pa-

tients with MI was 16 (0.6%) in the ximelagatran
group and 4 (0.21%) in the warfarin group (P ¼
.04951). Considering that no differences in impor-
tant demographics were present in the groups and

that ximelagatran is an antithrombin agent with
potential for use in cardiology, these findings
were also concerning and unexpected [78].

The combination of melagatran and ximelaga-
tran for short-term VTE prophylaxis after total
hip arthroplasty or total knee arthroplasty was

approved in Europe in May 2004, however it was
subsequently withdrawn from the market due to
concerns of liver toxicity. In the United States,
however, the approval status of the agent took

a different turn. In October 2004, the FDA denied
approval of ximelagatran for all indications sub-
mitted (prevention of VTE after total knee re-

placement surgery, the long-term prevention of
VTE recurrence after standard therapy, and
stroke prevention because of AF). This decision

was mainly because of increased rates of coronary
artery disease events in ximelagatran patients in
some studies and the possibility of ximelagatran-

induced hepatic failure when it is used for long-
term therapy [78].

Ironically, ximelagatran was the first oral agent
in the last 50 years to come close to overcoming

the major clinical challenges presented by
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warfarin. However, these benefits of ximelagatran
did not outweigh the risks when compared with
traditional anticoagulant therapies.

Dabigatran

Dabigatran is another emerging low-molecu-

lar-weight oral DTI currently in clinical develop-
ment. Because dabigatran has poor oral
bioavailability, an orally active prodrug dabiga-

tran etexilate has been developed to overcome this
problem. Like melagatran, dabigatran is a specific,
competitive, and reversible thrombin inhibitor.

The bioavailability of dabigatran is 3.5% to 5%.
The agent is renally excreted; dose decreases will
be necessary in patients with renal insufficiency.
The metabolism of dabigatran is independent of

the CYP450 enzyme system. The elimination half-
life is 14 to 17 hours, longer as compared with
ximelagatran; once-daily administration may be

an appropriate approach [80]. To date, two phase
II dose-ranging studies and three Phase III clinical
trials have been completed in patients undergoing

orthopedic surgery [81–85]. A pooled analysis of
major VTE and VTE-related mortality in patients
undergoing elective knee and hip replacement sur-

gery across more than 8,000 randomized patients
that were included in the three phase 3 trials
(RE-MODEL, RE-MOBILIZE, and RE-NO-
VATE) was conducted [86]. The pooled analysis

concluded that dabigatran was non-inferior to
enoxaparin in the prevention of major VTE and
VTE-related mortality after both knee and hip re-

placement. Major VTE and VTE-related mortal-
ity occurred in 3.8% of the 150 mg dabigatran
etexilate group and 3.0% of the 220 mg dabiga-

tran etexilate group, versus 3.3% of the enoxa-
parin group. Major bleeding events were similar
across all treatment groups (1.1%, 1.4% and

1.4% respectively). Additional phase III clinical
trials are under way for various indications in-
cluding VTE prevention and treatment, and
stroke prevention in AF. Like ximelagatran, dabi-

gatran can be administered in fixed doses without
anticoagulation monitoring and it seems void of
clinically significant food and drug interactions

[80–82]. In the short-term orthopedic studies no
liver enzyme elevation has been noted; however,
its effect on liver function with longer administra-

tion R1 month is unknown at this time.

Summary

Decades of research have been devoted to
developing effective, safe, and convenient
anticoagulant agents. Although effective, tradi-
tional anticoagulants are complex to administer
and are fraught with limitations, such as un-
predictable anticoagulant effect, frequent moni-

toring, and dosing adjustments. In recent years,
much emphasis has been placed on the develop-
ment of DTIs that offer benefits over agents like

heparin and warfarin including the inhibition of
both circulating and clot-bound thrombin; a more
predictable anticoagulant response because they

do not bind to plasma proteins and are not
neutralized by platelet factor 4; lack of required
cofactors, such as antithrombin or heparin co-

factor II; inhibiting thrombin-induced platelet
aggregation; and absence of induction of im-
mune-mediated thrombocytopenia. Various in-
jectable DTIs are currently available and used

for many indications, such as HIT, prophylaxis of
VTE, and acute coronary syndromes with and
without PCI. In addition, research is now focusing

on oral DTIs that seem promising and offer
various advantages, such as oral administration,
predictable pharmacokinetics and pharmacody-

namics, a broad therapeutic window, no routine
monitoring, no significant drug interactions, and
fixed-dose administration. The first oral DTI to

make it to the United States market may revolu-
tionize antithrombotic therapy, allowing for more
convenient and less complex therapeutic options.
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There is an increase in arterial thrombotic
events in the elderly. Elderly patients are more
likely to have associated diseases such as diabetes,

hypertension and hypercholesterolemia and when
age is confounded by these other predisposing
factors, the risk of an arterial ischemic event

increases disproportionately, with data suggesting
that the increased cardiovascular risk can be five
times greater for those over 70 years of age

compared with those under the age of 55 [1,2].
Antithrombotic therapy for geriatric patients is
underused, even when one adjusts for potential

drug contraindications [3]. This article focuses
on the action of the currently available antiplate-
let agents (aspirin, clopidogrel, and glycoprotein
IIb/IIIa [GPIIb/IIIa] receptor antagonists) and as-

sesses their effects in different disease states, with
special attention to data that examine the geriatric
population.

Although plasma anticoagulants have become
the mainstay of venous thrombosis treatment,
platelet-dependent arterial thromboses require

a different therapeutic approach. Rupture of an
atherosclerotic plaque in the high flow state of the
arterial system mandates a rapid platelet reaction.
To respond, platelets go through a complex series

of responses: initiation, extension (recruitment),
and perpetuation. These changes require the
up-regulation or exposure of a multiplicity of

receptors by a dizzying array of agonists, sup-
ported by a myriad of cytokines and aided by
numerous secreted granular contents, all interact-

ing with diverse ligands in the subendothelium
and a wealth of interacting plasma factors. It
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should come as no surprise then, despite making
large strides in antithrombotic medical therapy
within ever-bigger cardiovascular studies, abro-

gating the platelet response still eludes us.
Normal platelet physiology

The platelet has several transmembrane glyco-
proteins that serve as signal receptors. Glycopro-

teins IIb and IIIa are members of the integrin
superfamily that are located on the platelet
membrane. When activated, they join together to
form the heterodimer GPIIb-IIIa. This hetero-

dimer exposes a receptor for binding arginine-
glycine-aspartic acid amino acid sequences, most
notably the arginine-glycine-aspartic acid

sequence of fibrinogen. There are approximately
50 to 80,000 copies of GPIIb-IIIa on the cell
membrane. Fibrinogen bound to GPIIb-IIIa

receptors on one platelet can crosslink other
fibrinogen monomers attached to other platelet
GPIIb-IIIa receptors, and a platelet-fibrinogen

matrix forms.
On initial platelet activation, phospholipases

split off the arachidonic acid moiety of another
cell membrane phospholipid, phosphatidylinosi-

tol. The prostaglandin synthase cyclooxygenase
I (COX-1) uses this arachidonic acid to form
intermediate prostaglandins (PGG2 and PGH2).

In the platelet, thromboxane synthase further
transforms these intermediate prostaglandins to
thromboxane A2. Thromboxane A2 increases

platelet aggregation by increasing receptor-fibrin-
ogen binding. In addition, thromboxane A2 facil-
itates aggregation by inhibiting cAMP, opposes
the actions of prostacyclin PGI2, and causes vas-

cular constriction. Anything that disturbs or
inhibits COX-1 and the resultant pathway leads
ts reserved.
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to decreased thromboxane A2 formation and a dis-
turbance in platelet function. The final common
pathway then allows for clot formation, because

the next step of platelet activation flips the phos-
phatidyl serine (PS) from the inner leaflet of the
platelet membrane bilayer to the outer leaflet,
exposing PS on the cell surface and activating

the coagulation cascade.
Overview of antiplatelet agents

and their mechanisms of action

Aspirin

Although a relatively weak antagonist of

platelet action, aspirin’s popularity arises from
its low cost, physician and patient familiarity with
the drug, lack of major adverse effects, and
widespread availability. Derived from the white

willow tree Saliz Alba, acetylsalicylic acid has
been used pharmacologically as an antipyretic
since the mid 1800s [4], but it was in the 1940s

that the hemorrhagic effect of aspirin was noted.
Twenty years later, it was recognized that the ef-
fect was platelet mediated; another 20 years en-

sued until the antiplatelet effect was noted to be
prostaglandin mediated. Aspirin has a rapid onset
of action, approximately 30 minutes, and exerts its

effects by acetylating the serine 529 site of platelet
COX-1 activity of prostaglandin H synthase [5].
COX-1 is present in small amounts in most tissues
but is seen in increased amounts in platelets, stom-

ach, and kidneys. Inhibition of COX-1 activity
in the platelet interferes with thromboxane A2

formation and renders the prostaglandin

biosynthetic pathway incapable of increasing
aggregation. This process occurs in mature mega-
karyocytes as well as platelets. Because of the anu-

cleate platelet’s inability to make new enzyme and
the exquisite sensitivity of the platelet’s prosta-
noid system to aspirin, the effect persists for the

life of the platelet; the restoration of normal ag-
gregation on cessation of aspirin therapy is caused
by young newly released nonacetylated platelets
replacing the aspirin-treated ones.

Aspirin also acetylates the COX activity of
another prostaglandin synthase, COX-2, although
at a different serine site (Ser 516). COX-2 is an

inducible enzyme, responsive to inflammatory
stimuli in monocytes, macrophages, fibroblasts,
synovial cells, and vascular endothelial cells, and

is constitutively expressed in others. The effect of
aspirin on COX-1 activity is 50- to 100-fold
greater than its effect on COX-2.
The platelet has minimal COX-2 activity in
a resting state, but inducible COX-2 activity in
megakaryocytes can be expressed in inflammatory

states. COX-2 inhibition requires more frequent
and higher aspirin dosing. Because both COX-1
and COX-2 are involved in the inflammatory
response, however, the additional antithrombotic

effect of aspirin may exist by way of down-
regulation of this COX-2 response, as demon-
strated by its tight association with C-reactive

protein. Since dosing is more important for COX-
2, the lack of association of an antithrombotic
effect with dosing, indicates that COX-2 inhibi-

tion probably does not play a major role in the
effect of aspirin [5]. There is also some evidence
that aspirin has a direct effect on thrombin gener-
ation and can antagonize the effects of vitamin K,

but these effects do not seem to be of major signif-
icance in aspirin’s pharmacologic profile.

Primary prevention
The Physicians Health Study [6] examined the

effect of aspirin for primary prevention of cardio-
vascular events in over 22,000 patients over
5 years. They noted a 44% relative reduction in

the risk of myocardial infarction associated with
aspirin use. A smaller study, the British Male
Doctors’ Trial comprising 5139 men, showed

only a 10% nonsignificant benefit in treated
patients [7]. Three subsequent trials, the thrombo-
sis prevention trial [8], the hypertension optimal
treatment study [9], and the primary prevention

project [10], agreed with the Physicians Health
Study data, which demonstrated good primary
prevention with aspirin use eliciting risk reduction

in triple end points for most patients. The throm-
bosis prevention trial studied 5500 men treated
with warfarin and aspirin and demonstrated an

absolute risk reduction in cardiovascular risk
with aspirin of 2.3 events per 1000 person-years.
The hypertension optimal treatment study exam-

ined 18,800 patients and found that aspirin
reduced major cardiovascular events by 15%
(P ¼ .03) and all myocardial infarction by 36%
(P ¼ .002), but had no effect on stroke. The pri-

mary prevention project study consisted of 4495
patients with one risk factor of whom 1031 had
diabetes. The primary prevention project trial

was stopped prematurely after subjects without
diabetes were found to have a relative risk reduc-
tion in each of the triple end points, with a marked

decrease in cardiovascular events (RRR 0.69).
Interestingly, patients with diabetes had a non-
significant increase in cardiovascular deaths
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(RRR 1.23, 0.69–2.19). Using a meta-analysis
based on these five trials, in 2002 the US Preventive
Services Task Force recommended aspirin for the
primary prevention of cardiovascular events [11].

When one examines these data for effects seen
in the elderly, it is slightly less clear. The Physi-
cians Health Study demonstrated that relative risk

for first myocardial infarction was at least as
significant for those 70 to 84 years old (RRR 0.49)
as it was for those 60 to 69 years of age (RRR

0.46) [12]. In the hypertension optimal treatment
study, patients over the age of 65 had a similar
drug effect to that seen in younger patients [13].

However, in the thrombosis prevention trial where
the maximum age of enrollment was 69 years of
age, men above 65 did not demonstrate a benefit
from aspirin. These data were further reviewed

in a meta-analysis of the randomized participants,
which demonstrated a 32% relative risk reduction
for aspirin with a first myocardial infarction, and

a 15% relative risk reduction for all vascular
events [14,15].

Secondary prevention
In one of the first large-scale aspirin trials, the

ISIS-2 trial, aspirin given within 24 hours of the
onset of symptoms of an acute myocardial in-
farction, and continued for at least 5 weeks,

resulted in a decrease in death, reinfarction, and
ischemic stroke [16]. The 35-day mortality among
patients with suspected myocardial infarction was
13.2% for those who did not receive streptokinase

or aspirin, approximately 10.5% for those given
one or the other, and only 8% for those receiving
both agents [16]. This large beneficial effect of

aspirin following myocardial infarction led to
other secondary prevention trials. The Interna-
tional Stroke Trial and the Chinese Acute Stroke

Trials [17,18] also demonstrated that the early use
of aspirin after an event led to a significant de-
crease in subsequent vascular end points. Al-

though the decrease was somewhat less in the
stroke trials than those seen in coronary events,
they were still highly significant.

Current recommendations for the use of aspirin

in secondary prevention are based on several
hundred trials, many of which included thousands
of patients. An attempt to perform a major meta-

analysis was painstakingly done by the Antithrom-
botic Trialists’ collaboration. They examined 287
studies involving 13,000 high-risk patients, com-

paring cardiovascular outcome for patients on
antiplatelet therapy versus placebo and further
studied 77,000 patients on different antiplatelet
regimens [19]. In this meta-analysis, patients with
dementia were excluded but there were no exclu-
sions or separate analysis based on age. Antiplate-
let therapy was determined to be effective in

reducing adverse cardiovascular events (nonfatal
myocardial infarction, nonfatal stroke, or vascular
death in high-risk patients), reducing the incidence

of nonfatal myocardial infarction by one third,
nonfatal stroke by one quarter, and vascular mor-
tality by one sixth. Patients with prior myocardial

infarction or cerebrovascular accident who were
on aspirin for 2 years had an absolute risk reduc-
tion of 36 per 1000 events. Patients with acute myo-

cardial infarction treated with aspirin for 1 month
had a 38 per 1000 event reduction, and patients
with acute strokes had an absolute risk reduction
of 9 per 1000 if treated for 3 weeks with acetylsali-

cylic acid. Patients with peripheral arterial disease,
atrial fibrillation, and stable angina each had a sig-
nificantly decreased risk of an adverse outcome

[19]. Aspirin reduced the relative risk of nonfatal
strokes in patients with pre-existing disease by
approximately 25% [19]. The decrease in fatal

strokes (16%) was less than that for nonfatal,
because of an increase in the relative incidence of
hemorrhagic cerebrovascular accident. Impor-

tantly, there was no evidence of increasedmortality
from other causes. Indeed, there was a significant
decrease in all cause mortality (P!.0001) and a de-
crease in nonvascular deaths, although the nonvas-

cular deaths (caused by cancer and so forth) were
not differentiated [19]. Recent data suggest that
dual therapy, by adding a thienopyridine, may

not enhance the effect of aspirin and may increase
the adverse effects [20].

Aspirin versus warfarin or low-molecular-weight
heparin in secondary prevention

Many studies havedemonstrated the superiority
of vitamin K antagonists and other venous antico-
agulants in the prevention of embolic stroke for

patients with atrial fibrillation. Data regarding the
superiority, however, of either aspirin or vitaminK
antagonists for ischemic, nonembolic strokes were
less clear. The WARSS study compared aspirin

with low- or medium-intensity dose warfarin
(international normalized ratio 1.4–2.8). This study
demonstrated conclusively that aspirin was the

better choice for the prevention of recurrence of
ischemic stroke [21]. A recent study that examined
patients with transient ischemic attacks or stokes

associated with a 55% to 99% intracranial artery
stenosis randomized 569 patients to warfarin or

high-dose aspirin (1300 mg/d) before the study
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was stopped because of concerns over the warfarin
arm. After a mean follow-up of 1.8 years, they
demonstrated a significant decrease in mortality

in the aspirin group (4.3% versus 9.7%, hazard
ratio 0.46) and a significantly lower incidence of
major hemorrhage [22]. This group was not further
separated by age.

Percutaneous coronary intervention
Because of the very high rate of thrombosis

following percutaneous coronary intervention
(PCI) and stenting, aspirin has been recommen-
ded for all patients within all age groups who

undergo PCI [23]. Even with aspirin, however, the
rate of rethrombosis is high and a plan of combi-
nation drug therapy is recommended. This is
reviewed in the followings sections on

thienopyridines.

Nonvalvular atrial fibrillation and venous
thromboembolism: other indications for

aspirin therapy?
The Stroke Prevention in Atrial Fibrillation

study demonstrated that the effect of aspirin in
atrial fibrillation, although smaller than that of

vitamin K antagonists, reduced the risk of stroke
by 24% over placebo. This implies that aspirin
has a minor role to play in this disease. Following

this trial, aspirin has become accepted therapy for
use in patients at low risk for embolization [24].
Because age O75 years is considered a high risk,

aspirin has a more limited use in the elderly but
should be considered as an alternative when there
are contraindications to vitamin K antagonists, or

in those younger than 75. Similarly, although
aspirin was found to significantly decrease deaths
from pulmonary embolism in the PEP trial [25],
the reduction was much smaller than that

achieved by vitamin K antagonists, such as warfa-
rin. A study using aspirin as primary prophylaxis
for VTE in women did not demonstrate an advan-

tageous effect [26]. The American College of
Chest Physicians has not recommended aspirin
therapy [27]. Whether aspirin therapy is at all

useful for those intolerant of vitamin K antago-
nists or whether there is a different risk-benefit
ratio for the elderly was not addressed by these
guidelines.

Gender
The highest incidence of heart disease in women

occurs about 12 to 15 years later than in men but

heart disease is still the most common cause of
death in women. Early studies of primary pre-
vention focused solely on men and it was unclear
whether the results could be extrapolated towomen
[6,7,12,]. Evidence-based guidelines analyzing gen-
der are emerging for aspirin use for primary preven-

tion for women [28]. More definitive data have
emerged from the Women’s Health Study [29].
This study looked at almost 40,000 women, 45
years of age or older, who randomly received either

100 mg of aspirin or placebo and monitored them
for 10 years [29]. In the younger group, there was
only a 9% relative reduction in the risk of first

major cardiovascular event after 10 years
(8.2–10.9); this difference was not statistically
significant.Only stroke,when evaluated separately,

had a significant 17% relative risk reduction
(P!.009). When women over 65 were considered
separately (N¼ 4097), however, there was a consis-
tent benefit with regards to myocardial infarction

(P!.04), ischemic stroke (P!.05), and major car-
diovascular event (P!.008). Interestingly, the au-
thors found no effect of menopausal status or the

use of hormone replacement therapy on these
data, but they did note a statistically significant
increase in gastrointestinal hemorrhage requiring

transfusion with aspirin use.

Side effects
The major side effect of aspirin is bleeding. An

analysis by a group from Harvard found that

aspirin complications occur in 1 out of 15 in-
dividuals and that, starting at age 50 years, the
complication rate of aspirin was 6.8% and the
mortality rate was 0.18% over a lifetime of aspirin

therapy [30]. There is some evidence that gastroin-
testinal bleeding may be dose-related and may be
partially alleviated with enteric-coated tablets. In

some studies, lower dosages caused less gastroin-
testinal irritation and less bleeding, especially
when used in combination with other antiplatelet

agents [31,32]. The huge meta-analysis performed
by the Antithrombotic Trialists’ Group failed to
identify an association of dosage with bleeding,

however, noting that the absolute increase in
major bleeding caused by aspirin was only 0.5
[19]. Bleeding risk in this meta-analysis was not
stratified according to age. In a study done by

Petty and coworkers [33], they noted that
although the mean age of all patients who received
aspirin was 73.9 years, the mean age of the pa-

tients who experienced complications was 79.7
years, suggesting that the sensitivity to aspirin
increases with age. This increased sensitivity seen

in the elderly, however, may be balanced (con-
founded?) by an increased incidence of ‘‘aspirin
resistance.’’
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Aspirin areas of concern: dose, tolerance,
‘‘resistance’’

One of the worrisome issues associated with
aspirin therapy, and an area of recent intense

investigation, is identification of the correct dose.
There are conflicting desires and worries. The
bioavailability of aspirin is approximately 50%,

which is decreased by enteric coating, but these
tablets do seem to be associated with fewer
gastrointestinal effects. Similarly, sustained-release

tablets are available but do not seem to offer any
advantage with regard to gastrointestinal adverse
effects [5]. There is also some evidence that salicy-

late metabolism is different in the elderly and in
women [34,35] and there are a few studies that
have demonstrated that higher doses may actually
be less beneficial [36]. The AMIS trial randomized

patients to receive 1000 mg of aspirin versus pla-
cebo and found that mortality was not decreased
in the treated group [37]. Other studies have also

noted that there was an increased cardiovascular
risk for patients on higher-dose aspirin [38]. This
decrease in effect seen in the AMIS study with

larger doses of aspirin is balanced by evidence
from other studies that those on aspirin have an
improved response and that at least a proportion

of the nonresponders to aspirin increase their
response with an increased dose. In one study by
Syrbe and coworkers [39], 40% of all patients
could be therapeutic, as demonstrated by decrea-

sed aggregation in platelet aggregation studies,
with 30mg/d, 50% required 100, and 10% required
doses of O300 mg/d. Most studies have used doses

between 50 and 160 mg of aspirin and these
dosages seem to be at least as effective as others,
but the idea of tailoring dose to response had

acquired several enthusiastic supporters [5,19].
There are data to indicate that patients with

cardiovascular disease may become tolerant to the
effects of aspirin. Pulcinelli and coworkers [40]

tested 150 patients before and after 2, 6, 12, and
24 months of treatment with aspirin for their
response to ADP and collagen-induced platelet

aggregation. Initially, there was significant inhibi-
tion of platelet aggregation, but with time, this re-
turned to normal in many patients, such that at 24

months, collagen-induced platelet aggregation
was at baseline for 42% of the sampled popula-
tion. This was not replicated when they tested

ADP-induced aggregation response to the thieno-
pyridine, ticlopidine. Aspirin tolerance has also
been shown in another study on patients with
stroke [41]. Helgason and coworkers [41] studied

306 patients treated with aspirin with prior stroke.
At initiation 228 of 306 patients showed immedi-
ate inhibition of platelet aggregation, whereas 78
demonstrated partial inhibition. Of these, 119
patients with immediate and complete inhibition

underwent repeat testing. Thirty-nine of these
patients (32.7%) had regained some aggregatory
capability, again suggesting a tolerance or a re-

duced sensitivity to aspirin with time. These data
may have special relevance for the elderly because
they are more likely to be on medications for a lon-

ger period of time by virtue of their longevity and
disease duration.

Recurrent thrombotic episodes occur despite

aspirin, with a rate from 2% to 6% per year [42].
Although drug failure rates have been accepted
for other medications, much effort has gone into
examining the causes for aspirin failure. Adher-

ence is a major issue because it has been demon-
strated that 20% of patients may not be taking
their medications [43]. In addition to these com-

mon causes, investigations have focused on a phe-
nomenon now known as ‘‘aspirin resistance’’ [44].
This term has been defined as failing to obtain the

expected aspirin-induced abnormalities as demon-
strated by classical platelet aggregation studies;
failure to prolong the closure time with the Plate-

let Function Analyzer (Dade Behring Inc., Deer-
field, Illinois) [45], the clot time in the Verify
Now Platelet Function Analyzer (Accumetrics,
Inc., San Diego, California); failure to have the

necessary decrease in thromboxane B2 levels (the
end product of thromboxane A2, a platelet-
specific prostaglandin); or other similar studies.

The concordance of these tests is poor; patients
may have one or several of these characteristics
and it is not clear how the degree of aspirin resis-

tance relates to any one test. What we have previ-
ously called resistance is probably best described
now as a failure to suppress platelet aggregation
despite aspirin therapy, thus allowing for other

factors, even non-platelet factors to play a role
in the lack of suppression of platelet activity.
Whatever the cause, there are growing data that

suggest that this aspirin resistance plays a role in
cardiovascular mortality [46]. The prevalence of
patients with aspirin resistance varies wildly

from 5% to 75% across studies but most put the
figure at approximately 15% [47]. Detecting aspi-
rin resistance may be very important clinically,

either because it may serve as a risk factor initially
or as evidence of a need for alterations in therapy.
Grotemeyer and coworkers [48] performed one of
the earliest studies in 1993 in which they demon-

strated that patients who were unresponsive to
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aspirin (fully a third of this population) were nine
times more likely to have a vascular event than
those who demonstrated sensitivity to acetylsali-

cylic acid. Grundman and coworkers [49] also
looked at aspirin nonresponder status in patients
with recurrent cerebrovascular accidents and
noted that those patients also had a poorer progno-

sis. Gum and coworkers [50] followed patients pro-
spectively and found that those who were aspirin
resistant by aggregometry were at increased risk

of myocardial infarction, stroke, or death when
compared with patients who were sensitive to aspi-
rin (24% versus 10%). Evidence from the Heart

Outcomes Prevention Evaluation trial, in which
499 patients were compared with age and gender
matched controls, showed that those patients
who took aspirin but did not decrease their levels

of thromboxane B2 (a measure of aspirin resis-
tance) were at higher risk for cardiovascular events
[51,52]. Studies have demonstrated that patients

with resistance to aspirin were more likely to be
female, smokers, and older [53]. Even when age is
controlled for, however, patients who are aspirin

resistant were more likely to have a higher rate of
cardiovascular events. The geriatric patient, who
is more likely to be aspirin resistant, may not be

getting the full value of aspirin therapy and may
need additional medical treatment.

Several attempts have been made to explain
aspirin resistance. Mutations in COX-1 have been

documented by single nucleotide polymorphisms
analyses (SNP) [54] and these may be responsible
for different acetylation capabilities. Increased

available thromboxane A2 is another explanation.
There may be a release of thromboxane A2 from
COX-2 of young platelets, monocytes, and macro-

phages. The inducible COX-2 in periods of stress
has been postulated to increase the rate of low-
dose aspirin resistance in patients who have re-
cently undergone coronary artery bypass grafting

(a period of increased COX-2 levels and of in-
creased platelet turnover) [55]. Other possibilities
are drug interference, particularly by nonsteroidal

anti-inflammatory drugs. In a study performed in
2001, Catella-Lawson and coworkers [56] demon-
strated that one dose of ibuprofen taken before

aspirin could block the normal COX-1 activity
in platelets, presumably by interfering with the
docking site of the drug before acetylation. In

this study, there was no effect of the COX-2 inhib-
itor, rofecoxib. Later studies have demonstrated,
however, that there may be inhibition of aspirin
benefits by the group of nonsteroidal anti-inflam-

matory drugs [57]. A study by Levesque and
coworkers [58] on elderly adults demonstrated
that there was a 1.24 increased risk of acute myo-
cardial infarction with high doses of rofecoxib and

that this increase could be offset by aspirin if low-
dose, but not high-dose, rofecoxib was used.
These recent data on rofecoxib have caused the
drug to be withdrawn and have cast suspicion

on other COX-2 inhibitors and the entire class
of nonsteroidal anti-inflammatory drugs with re-
gard to increased cardiovascular complications

[59].
Additional medications, such as the thienopyr-

idines, may be primarily useful for the patients

who are aspirin resistant and an argument can be
made that little is added when thienopyridines are
used with aspirin-sensitive patients. Data from
Chen and colleagues [60], however, suggest that

these two drugs work independently when they
studied aspirin resistance in patients scheduled
for PCI who were given aspirin and clopidogrel

(a thienopyridine) and noted that aspirin-resistant
patients were more likely to have elevated cardiac
enzyme levels postprocedure (51.7% versus

24.6%) whether or not they were on clopidogrel.
More studies are needed to investigate aspirin re-
sistance and the mechanism of action, the sensi-

tive population, and the potential remedies for
this phenomenon. In addition, studies looking at
aspirin in combination with other drugs, particu-
larly clopidogrel, are important because there is

evidence that clopidogrel resistance may also
play an important role in treatment failures.
Clopidogrel

Clopidogrel is a member of the thienopyridine
family, of which ticlopidine was the first agent to
be used in cardiovascular disease [61]. These are

potent platelet inhibitors and they work by irre-
versibly inhibiting the low-affinity ADP receptor,
P2Y12, on the platelet membrane. The thienopyri-

dines are rapidly absorbed and metabolized by he-
patic cytochrome P-450 enzymes, CYP3A4 and
CYP3A5. Inhibition of ADP-induced platelet
aggregation can be seen within 2 hours after

high-dose clopidogrel and, like aspirin, the effect
remains for the life of the platelet. If daily doses
of 75 mg/d are used, steady-state levels can be

reached within 3 to 5 days [62]. For maximum
effect, patients may be given a clopidogrel load
(300–600 mg) and then the standard 75 mg/d.

This results in ADP-induced platelet aggregation
inhibition within 4 to 6 hours. Like aspirin, plate-
let aggregation studies return to normal within
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1 week of stopping therapy as a result of the influx
of new untreated platelets [63]. Clopidogrel is well
absorbed in the elderly and has a comparable
pharmacokinetic profile to that of younger

patients.
Ticlopidine is an older thienopyridine that has

been virtually abandoned because of the

frequency of two major side effects: neutropenia
(1%–2.4%) and thrombotic thrombocytopenia
purpura (1 in 3000). Ticlopidine also requires

twice daily dosing and costs more when the daily
dose is considered. There is disagreement about
whether there is any increased incidence of throm-

botic thrombocytopenia purpura with clopidogrel
use but, if there is an increased incidence, it is
minimal compared with the benefit conferred [64].
Clopidogrel does not cause a significant neutrope-

nia. When compared head-to-head with ticlopi-
dine in the Classics stenting trial, it seemed to be
more effective with fewer major adverse cardio-

vascular events [65]. AZD6140 and prasugrel,
are new adenosine diphosphate receptor antago-
nists which may hold promise in acute coronary

syndromes in preliminary trials [66,67].
One of the first trials to compare clopidogrel

with aspirin was the CAPRIE study, which was

performed in O19,000 patients over a period of
up to 3 years. The study population consisted of
patients with a recent cerebrovascular accident,
myocardial infarction, or symptomatic peripheral

arterial disease. When clopidogrel was compared
with aspirin with regard to stroke, myocardial
infarction, peripheral arterial disease, and overall

event rate, there was a slight improvement in
a composite cardiovascular triple end point, with
clopidogrel having a relative risk reduction of

8.7% at the end of a mean of 2 years of study
(5.32% versus 5.83%). The most significant re-
duction was in peripheral arterial disease, with
a more modest benefit provided over acetylsali-

cylic acid when used in ischemic events [68]. The
bleeding incidence in the CAPRIE study was ap-
proximately 9%, equivalent to aspirin. In its

meta-analysis, the Antithrombotic Trialists’
collaboration included only this study of clopi-
dogrel and noted that clopidogrel reduced serious

vascular events by 10% [19].
Because of the prevalence of aspirin use and its

demonstrated efficacy, trials that studied clopidog-

rel used it in combination with aspirin. Since
clopidogrel was found to be superior to aspirin in
the CAPRIE study, the MATCH study was
designed to assess whether the addition of aspirin

to clopidogrel provides greater benefit as compared
with clopidogrel alone for the prevention of
vascular events with potentially higher bleeding
risk [69]. This study was a randomized, double-
blind, placebo-controlled trial comparing clopi-

dogrel with either placebo or aspirin (75 mg/d)
in almost 7600 high-risk patients with recent
ischemic stroke or transient ischemic attack and

at least one additional vascular risk factor. The
primary end point was a composite of ischemic
stroke, myocardial infarction, vascular death, or

rehospitalization for acute ischemia or worsening
of peripheral arterial disease. At the end of 18
months, a small risk reduction in the dual-agent

therapy group was noted (15.7% versus 16.7%;
absolute risk reduction 1%), but this was more
than compensated for by an increase in major
bleeds (2.6% versus 1.3%; absolute risk increase

1.3%). No difference in mortality was noted.
When patients with an acute myocardial

infarction were randomly allocated in the Clopi-

dogrel and Aspirin: Determination of the Effects
on Thrombogenicity trial to either aspirin (75 mg)
or clopidogrel (75 mg), there was no significant

clinical difference in adverse events or mortality
[70]. In addition, this group measured some labo-
ratory determinants known to be associated with

increased thrombogenicity and demonstrated
that both groups had similarly decreased fibrino-
gen, D dimer, von Willebrand’s factor, factor
VIII, and C-reactive protein levels at 1 and 6

months.
The CURE [71] trial also examined the effect

of clopidogrel (with loading) versus placebo

when added to aspirin. In this study of 12,562
patients who presented within 24 hours of symp-
toms, there was a 20% relative risk reduction in

composite triple end point (nonfatal myocardial
infarction, death, or stroke) with an 11.4% inci-
dence in the aspirin and placebo groups versus
9.3% in the aspirin and clopidogrel group. As

expected, there was significantly more bleeding
(3.7% versus 2.7%) and a trend that was not
statistically significant in major hemorrhage.

Although the hemorrhagic component of this
trial was aspirin dose-dependent, the efficacy was
not.

Recently Sabatine and coworkers [72] reported
on a group of almost 3500 patients under the age
of 75 who had a myocardial infarction with ST

segment elevation and who were receiving fibrino-
lytic agents, aspirin, and heparin. These patients
were given either additional clopidogrel (loading
dose of 300 mg, then 75 mg/d) or placebo. Efficacy

was determined on the basis of blood flow and
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need for revascularization, death, or recurrent
myocardial infarction. The triple end point
occurred in 21.7% of placebo-treated and 15%

of clopidogrel-treated patients, with a large
relative reduction (36%) in favor of clopidogrel.
Rates of major bleeding and intracranial
hemorrhage were the same. No differences in rates

of hemorrhage because of age in those under
75 were noted. Of note is that this study involved
a relatively older population who received triple

therapy and had improved outcomes without sig-
nificant detriment in terms of major hemorrhage.

PCI has been a thorny issue. Many of the

initial studies using dual-agent therapy were
performed in studies investigating efficacy
in PCI. Because of the high rate of rethrombosis
in PCI, many of the initial investigations centered

on PCI thrombosis risk reduction, a clinical
setting in which ticlopidine had already proved
to be useful. The CLASSICS trial demonstrated

that clopidogrel was a better agent when used with
aspirin for PCI therapy. It has become clear that
clopidogrel timing may be important. When

clopidogrel is given with a loading dose before
stenting, the effects are improved, as compared
with clopidogrel administered at the time of the

procedure. When both aspirin and clopidogrel are
continued beyond the PCI period of re-endoethe-
lialization (typically 2–4 weeks) and extended to 9
to 12 months, these beneficial effects are further

increased with a decrease in major adverse car-
diovascular events [73,74].

Because of the CAPRIE data, clopidogrel has

become accepted as optimal therapy for periph-
eral arterial disease. Other studies looking at the
effect of clopidogrel for primary prevention are in

progress. No data are currently available regard-
ing very long-term therapy with clopidogrel, but it
is clear that this drug is effective in the short and
intermediate time frame [75].

Clopidogrel resistance
Despite aspirin and clopidogrel therapy, there is

a high rate of rethrombosis after coronary events
or after stenting. This has led the way for

investigators to postulate that, in addition to an
aspirin-resistance group, theremay be a groupwith
clopidogrel resistance [76]. Lack of inhibition of

the ADP response has been demonstrated in
some patients; part of the difficulty in assessing
clopidogrel resistance is the lack of good measure-

ment guidelines and the fact that most of these
studies are confounded by aspirin ingestion. There
is some suggestion that clopidogrel may have some
effect on the time lag of the Platelet Function
Analyzer-100, but most studies have focused on
flow cytometry outcomes, such as P-selectin expo-

sure [77]. Studies looking at vasodilator-stimulated
phosphoprotein (VASP) expression following the
low-affinity ADP P2Y12 blockade by clopidogrel
have noted that as much as 30% of the treated

population did not have the expected abnormal
responses [78]. The causes for this clopidogrel resis-
tance, aside from the medication adherence issues,

are being investigated. There are known differences
in ADPP2Y12 receptor polymorphisms, differences
in metabolism by the liver cytochrome P-450 isoen-

zymes, differences in the bioavailability of the
active metabolite, and potential drug-drug interac-
tions (especially with some of the statins that use
similar cytochrome P-450 isozymes). Interestingly,

recent studies demonstrate that the clinical out-
come of these drug-induced clopidogrel resistant
patients is not impacted by these statins [79] These

are being studied as potential explanations for this
phenomenon.

Dipyridamole

There are conflicting data on the role of
dipyridamole in combination with aspirin in acute
stroke. The European Stroke Prevention Study

noted that the positive effect that they found was
more profound in those younger than 70 years
[80]. Although there are some data demonstrating

increased efficacy of aspirin when dipyridamole is
used in combination in older patients [81], most
studies do not show a benefit, leaving little indica-

tion for use of dipyridamole in stroke [19].

Glycoprotein IIb-IIIa antagonists

The first GPIIb-IIIa inhibitor and still the most

beneficial is abciximab, a human-murine Fab
chimeric antibody fragment to the GPIIb-IIIa
binding site. Abciximab is a large protein with

a rapid and prolonged response, causing the
bleeding time not to normalize until a full 12
hours after injection. Typically given as a bolus
injection along with heparin and aspirin in pa-

tients with acute cardiovascular syndromes and
before PCI, abciximab was demonstrated to de-
liver a 60% relative risk reduction in triple end

points in the Epilog [82] and Epistent [83] trials
with a long-term decrease in mortality. Abciximab
has the capability to cross-react with other integ-

rins, notably Mac-1 (alphambeta2, CD11b/
CD18), a leukocyte integrin, and vitronectin, an
endothelial integrin. There is some suggestion
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that the increased effect of this drug over other
GPIIb-IIIa antagonists stems from its ability to
inhibit leukocyte adhesion by its anti–Mac-1
properties or endothelial adhesion by its antivitro-

nectin properties. To date, abciximab is the only
GPIIb-IIIa to demonstrate a prolonged survival
benefit after PCI [84].

Major bleeding in the GPIIb-IIIa cardiovascu-
lar trials has been typically defined as any in-
tracranial bleeding or a decrease in hemoglobin of

R3 g/dL or in hematocrit of R15% [85]. Al-
though the rate of bleeding in the original trials
was high (10.5% in the EPIC [86]), this has de-

creased as familiarity with its use has increased.
In addition, it was recognized that the heparin
dose could have been a factor and that bleeding
at the vascular access site could be decreased

with earlier sheath removal. With abciximab in
particular, there were other issues. Because abcix-
imab is a chimeric Fab, there is a tendency to

cause human antichimeric antibodies, which limit
repeated use but do not seem to interfere with
function of the initial bolus medication. More

importantly, there is a high incidence of thrombo-
cytopenia with abciximab. Studies have demon-
strated that a low platelet count occurs in

approximately 5% of all patients but most of
these (4%) are found to be spurious thrombocyto-
penia because of platelet clumping [87]. In the
remainder, a true thrombocytopenia can develop,

which can be rapid and severe, and result in pro-
found bleeding. Although uncommon, it is more
often seen in the elderly and those with lower

baseline platelet counts. Treatment is rapid trans-
fusion of platelets, which decreases individual re-
ceptor occupancy on the platelet membrane

surface, restoring both platelet count and platelet
function. Desmopressin has also been shown to be
useful to help normalize the bleeding time [88].

Attempts to replicate abciximab have led to

drugs like eptifibatide. Eptifibatide is a disintegrin
derived from the southeastern pygmy rattlesnake.
It is a small molecule that has an amino acid

sequence specific for fibrinogen and has no vitro-
nectin or Mac-1 effect. It is rapidly bound and
rapidly reversed, with a normalization of the

bleeding time within 1 to 4 hours. The effects of
eptifibatide have been more modest and have been
most impressive in those with milder disease, as

noted in the PURSUIT trial, with approximately
11%relative risk reduction over placebo in patients
with unstable angina [89]. As with abciximab, some
studies examining the incidence of bleeding with

eptifibatide have noted that older age increased
the bleeding risk [90], although a recent analysis
did not find age to be a contributing factor [91].

Tirofiban is a small nonpeptide compound,
stereochemically designed to interact with the argi-

nine-glycine-aspartic acid fibrinogen receptor with
similar attributes to eptifibatide in its reversibility,
half-life, andbleeding timenormalization.Results of

tirofiban for patients with unstable angina in the
PRISM studies have been mixed [92].

GPIIb-IIIa inhibitors improve patency and

reduce reinfarction risk, with an increase in major
bleeding. Intracranial hemorrhage was particu-
larly increased in patients over 75 years of age

[93], although a recent meta-analysis of six trials
demonstrated that the elderly, while having the
largest increase in bleeding with IIb/IIIa receptor
blockers, also had the best outcomes in terms of

reduction in non-fatal myocardial infarctions
and overall mortality [94]. Nevertheless, the An-
tithrombotic Trialists’ Group has recommended

aspirin with the short-term addition of an intrave-
nous GPIIb-IIIa antagonist for patients at risk for
an immediate coronary event, noting a decrease in

20 events per 1000 in these patients. Attempts at
manufacturing an effective oral GPIIb-IIIa antag-
onist that has long-term benefits have not yet met

with success. Whether this is because of the
presence of other effective medications, such that
any additional benefit is lost, is not clear.
Summary

It seems justified and reasonable to prescribe
low-dose aspirin for all geriatric patients, and for

patients with peripheral arterial disease, clopidog-
rel for primary prevention. There is, at present, no
place for the addition of dipyridamole or oral

GPIIb-IIIa antagonists. GPIIb-IIIa antagonists
may be indicated in acute events, requiring in-
tervention. Whether patients should be screened

for aspirin tolerance or resistance is not clear, but
it may be prudent to place patients who fail
therapy on a second antiplatelet agent, such as
clopidogrel. There is no evidence to suggest that

the increase in bleeding that may occur in the
elderly should suggest that therapy be withheld
and, indeed, there is some evidence that the elderly

may derive a relatively increased benefit from the
use of these antiplatelet agents.
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Venous thromboembolism (VTE) comprises
deep vein thrombosis (DVT) and pulmonary em-
bolism (PE) both of which account for

O250,000 hospitalizations annually in the United
States [1,2]. The most serious complication of
DVT is PE which accounts for approximately

200,000 deaths per year and 10% of hospital
deaths [1,2]. Other serious sequela of DVT is the
development of postphlebitic syndrome which

occurs in 20% to 50% of patients with lower ex-
tremities thrombotic events [3]. Studies have docu-
mented those susceptible groups which include
elderly hospitalized patients or those that have

had recent surgery, active cancer, or previous his-
tory of VTE have a high incidence of developing
VTE [4,5].

The annual incidence of clinically recognized
VTE increases with age in both men and women
as documented by Anderson and colleagues [1]

with a gradual rise beginning at age 45 followed
by a sharp upswing after age 65. A similar pattern
of age and VTE was demonstrated by Silverstein
and colleagues [6] except that the incidence was

higher in men than women. More importantly
age specific survival rates in the first 2.5 years after
hospitalization for VTE is highest for those less

than 40 years and lowest for patients older than
70 years [1]. The purpose of this chapter is to re-
view the pathophysiology of venous thrombosis,

thrombophilia as it relates to the development of
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thrombotic events, and the approach to confirm-
ing the diagnosis of VTE.
Pathophysiology of venous thrombosis

More than 150 years ago, our current un-
derstanding of the pathogenesis of venous throm-

boembolism was first outlined by Virchow. He
proposed the triad of stasis, vascular injury, and
hypercoagulability as the mechanism for the de-

velopment of thrombosis [7]. Over the past 130
years, the roles of stasis and vascular injury in
the pathogenesis of thrombosis have been exten-

sively studied and led to the development of effec-
tive prophylaxis regimens to prevent these
complications (Table 1).

Venous stasis

Venous return from the legs is enhanced by
contraction of the calf muscles, which propels
blood upward from the extremities and venous

valves, which prevent blood from pooling in the
lower extremities. Venous stasis may contribute to
thrombogenesis by allowing stagnation of the

blood with associated local hypoxia, which stim-
ulates endothelial cell release of an activator of
Factor X [8]. Venous stasis in the elderly can be
produced by immobility (hospitalization, surgery,

stroke), increased venous pressure (varicose veins,
venous insufficiency from postthrombotic syn-
drome), and medical conditions which increase

blood viscosity. Immobility causes pooling of
blood in the intramuscular branches of the calf.
This predisposes the patient to the development

of thrombi which propagates into the deep venous
ts reserved.
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Table 1

Virchow’s triad: thrombosis risk in the elderly patient

1. Stasis Immobilization

Limb paralysis

(stroke, plaster cast,

spinal cord injury)

Heart Failure

Varicose Vein/Chronic

Venous Insufficiency

2. Intimal Injury Direct vessel Injury

� Surgery
� Central Venous
Catheter

� Trauma

Indirect vessel injury

� Chemotherapy

� Vasculitis
� Sepsis
� Hyperhomocyteinemia

� Sepsis
3. Hypercoagulability Hereditary

� Factor V Leiden

� Prothrombin Gene

Mutation

� Antithrombin III

Deficiency

� Protein C

� Proetin S

Acquired

� Malignancy

� Hormone Replacement

Therapy

� Anticardiolipin

Antibodies

� Nephrotic Syndrome

� Increased levels of

clotting factors VIII
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system of the extremity. Immobility has been

studied extensively in populations such as spinal
cord injury, stroke, orthopaedic surgery, and the
hospitalized medically-ill patient. In each case im-

mobility was an independent risk factor contribut-
ing to development of lower extremity DVT.
Increased venous pressure contributes to stasis
by reducing venous return as a result of varicosed

veins or damaged valves which increase venous
retrograde pressure. This latter complication
causes increased retrograde pressure in the venous

system and stasis of blood. Diseases that affect
blood viscosity such as polycythemia, hypergam-
maglobulinemia, dysproteinemias, or cryoglobuli-

nemia are sometimes manifested in an elderly
population and contribute to stasis with resultant
thrombois in the lower extremities.
Vascular injury

Although the normal endothelium is non-
thrombogenic, damage or injury to the endothe-
lium can trigger the activation of platelets and

coagulation. This process leads to the expression
of tissue factor, either directly by endothelial cells
or by monocytes that are attracted to the site of
damage. This process also leads to platelet adhe-

sion and aggregation.
The vascular endothelium can be damaged by

direct trauma, exposure to endotoxin, inflamma-

tory cytokines such as interleukin-1 (IL-1) and
tumor necrosis factor (TNF), thrombin, or low
oxygen tension [9]. Injured endothelial cells syn-

thesize tissue factor and PAI-1 and internalize
thrombomodulin, all of which promote throm-
bogenesis [10]. Damaged endothelial cells also
produce less t-PA, the principal activator of fibri-

nolysis which further tips the balance toward
thrombosis. Common examples of direct venous
injury in an elderly population include patients

undergoing hip or knee surgery, prostatectomy,
hysterectomy, or an extremity fracture. In addi-
tion this damaged endothelium is also exposed

to thrombin and inflammatory mediators which
contribute to thrombosis at the sites of injury.
Hypercoagulablility

Normally activated clotting factors are diluted
in the flowing blood and are neutralized by

inhibitors on the surface of endothelial cells or
by circulating antiproteinases [11] Activated clot-
ting factors that escape regulation, as a result of

either reduced levels of inhibitors or sudden gener-
ation of overwhelming amounts of these factors,
trigger the coagulation system, thereby leading

to fibrin formation. A balancing mechanism im-
mediately comes into play in an attempt to reduce
the likelihood of thrombus formation. If throm-

bus forms, the fibrinolytic system is immediately
activated as a result of the release of t-PA and
urokinase from monocytes and leukocytes, which
are attracted to the thrombus by released fibrino-

peptides and platelet products [12].
Coagulation may be activated by contact of

factor XII with collagen on exposed subendothe-

lium of damaged vessels or by contact with
prosthetic surfaces. Coagulation is further aug-
mented by activated platelets. Coagulation also

may be initiated by the exposure of blood to tissue
factor made available locally as a result of
vascular wall damage by activation of endothelial
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cells by cytokines, and by activated monocytes
that migrate to areas of vascular injury [13,14].
Factor X can be activated directly by extracts of
malignant cells that contain a cysteine protease

which may be one of the mechanisms by which
thrombosis is induced in patients with malignant
disease [15]. A factor elaborated by hypoxic endo-

thelial cells also can directly activate factor X po-
tentially leading to thrombosis in patients with
severe venous stasis, in which stagnant hypoxia

occurs in the valve cusps [8].
The elderly population has a number of clinical

risk factors that predispose patients to venous throm-

boembolism by activating blood coagulation includ-
ing malignancy, joint replacement surgeries, trauma,
systemic infections, and decreased mobility [8].
Thrombophilia

Up to 30% of patients with VTE have an
inherited tendency for thrombophilia, which com-
pares to approximately less than 10% of the

general population [16]. Inherited thrombophilia
frequently have their first presentation as a conse-
quence of a temporal risk factor such as surgery,
oral contraception, or estrogen replacement ther-

apy use. Clues to an underlying genetic risk factor
among patients with VTE include a thrombotic
event under the age of 50 years, family history, re-

current thrombosis with or without anticoagula-
tion, idiopathic thrombosis, thrombosis in
unusual locations, or extensive thrombosis. The

above issue of age often leads clinicians to
Table 2

Common inherited thrombophilic disorders

Disorder Prevalence norma

Factor V Leiden (Heterozygous)

Caucasians 4.8%

Hispanic American 2.21%

African American 1.23%

Native American 1.25%

Asian American 0.45%

African or Asian 0.05%

Factor V Leiden (Homozygous) 0.02%

Prothrombin Mutation (G20210A)

Caucasian 2.7%

African or Asian 0.06%

Antithrombin III 0.02%

Protein C 0.2–0.4%

Protein S 0.003%

Hyperhomocysteinemia (O18.5 umol/L) 5%–7%

Data from Perry SL, Ortel TL. Clinical and laboratory evalu
discount the need to evaluate geriatric patients
for hereditary thrombophilic states. Physicians
should continue to evaluate the entirety of the
clinical presentation of the patient and order ap-

propriate testing to asses the etiology for the acute
thrombotic event.

The most common forms of inherited throm-

bophilias are listed in the Table 2 [17]. Heterozy-
gosity for the Factor V Leiden mutation is the
most prevalent, occurring in 18% of Caucasians

presenting with VTE [18]. This mutation is auto-
somal dominant and results in Factor V being re-
sistant to inhibition by activated protein C an

endogenous anticoagulant. The Factor V Leiden
mutation accounts for approximately 40% of idi-
opathic thromboses. The Prothrombin Gene mu-
tation 20,210 is seen in 7% of patients with VTE

and is the result of an increase prothrombin levels
caused by an inefficient F2 S’ cleavage signal re-
sulting in a gain of function mutation due to mes-

senger RNA accumulation and an increase in
prothrombin synthesis [19–21]. Both the Factor
V Leiden and Prothrombin Gene mutation are

uncommon in the African and Asian populations
(see Table 2). High levels of homocyteine are asso-
ciated with both venous and arterial thrombosis

[22,23]. The mechanism by which hyperhomocy-
teinemia predisposes to thrombosis is unclear;
however, potential mechanisms include endothe-
lial activation, proliferation of smooth-muscle

cells, changes in endothelial nitric oxide produc-
tion or changes in enodtheilial sterol metabolism
[24,25]. Hyperhomocysteinemia can be congenital
ls Frequency Pts with VTE Relative risk first VTE

18.8% 7

– –

– –

– –

– –

– –

– –

– 80

7.1% 2.8

– –

– –

1.9% 20

3.7% 6.5

2.3% 5

10% 2.95

ation of thrombophilia. Clin Chest Med 2003;24:153–70.



206 MERLI
or acquired. Acquired forms are found in patients
with dietary deficiencies of folate, vitamin B12, or
vitamin B6. The most common hereditary hyper-

homocysteinemia is associated with the methyle-
netetrahydrafolate reductase (MTHFR) gene
[26]. The homozygous state is asscociated with in-
creased homocysteine levels. The relationship be-

tween this mutation and thrombosis, even in
homozygous patients with increase homocysteine
levels is controversial [27].

Screening for thrombophilia may benefit pa-
tients with clues to inherited hypercoagulability
and VTE by allowing for family testing and

counseling, safety during prophylactic anticoagu-
lation in high risk settings as well as extended
anticoagulation in special clinical scenarios and in
situations where thrombotic risk is increased with

drugs such as estrogen replacement, tamoxifen,
and raloxifen. These potential benefits must be
weighed against the test costs and the lack of

definitive data to guide the optimal duration of
anticoagulation therapy. Focusing genetic testing
on patients with the highest suspicion of inherited

thrombophilia may be the most cost-effective
approach. Testing for the Factor V Leiden and
Prothrombin Gene Mutation 20,210 can be per-

formed at the time of presentation with acute
thrombosis. Proteins C, S, and antithrombin
levels (although rare as a cause of first time VTE
in the elderly) should not be measured duration

the acute thrombosis phase, since the levels are
affected by the acute thrombotic process and the
anticoagulants being used. Evaluation of these
Table 3

Frequency of symptoms and signs in patients with suspected D

O’Donnell et al. [28] H

Sign & symptoms DVTþ DVT� D

Pain 78% 75% 9

Tenderness 76% 89% 8

Edema 78% 67% 4

Homan’s Sign 56% 61% 3

Swelling 85% 56% .
Erythema 24% 38% .

The DVT diagnosis was confirmed by venography.

DVT þ indicates those with DVT.

DVT � indicates those without DVT.

O’Donnell et al. and Molloy et al. trials were Grade A stud

signs or symptoms with a criteria standard of diagnosis among

ing the target condition.

Haeger et al. was a Grade B study since it had the same c

... ¼ data not applicable.

Data from references [28–30].
levels can be deferred until 2 to 4 weeks after the
discontinuation of anticoagulation.
Diagnosis of deep vein thrombosis

and pulmonary embolism

History and physical examination

Traditionally the history and physical exami-

nation of a patient suspected of having DVT
included a detail history, careful inspection of the
extremity for temperature and redness, measure-
ment of leg circumference, elicitation of Homan’s

sign (calf pain with dorsiflexion of the foot). Three
well designed trials evaluated the frequency of
DVT symptoms and signs in patients with sus-

pected thrombosis and confirmed their lack of
sensitivity and specificity (Table 3) [28–30]. This
sole use of clinical finding is artificial since clini-

cians couple the medical and surgical history, con-
comitant medical problems, medications, and risk
factors (age, obesity, immobility etc) to decide on

further testing to confirm DVT.
Wells and colleagues [31,32] developed the first

clinical model for the diagnosis of patients present-
ing with suspected DVT. This model includes

a thorough clinical examination and the identifica-
tion of risk factors that predispose patients to hav-
ing increased risk for thrombosis. In accordance

with this model, patients are first divided into 3
risk categories (low, moderate, and high) and are
further assessed through the use of D-dimer and ul-

trasonography (Fig. 1) and (Table 4). Clincial
VT

aeger et al. [29] Molly et al. [30]

VTþ DVT� DVTþ DVT�
0% 97% 48% 23%

4% 74% 43% 35%

2% 32% 43% 26%

3% 21% 11% 11%

.. ... 41% 39%

.. ... ... ...

ies since they were an independent blind comparisons of

a large number of consecutive patients suspected of hav-

riteria as above but a smaller number of patient.
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practice guidelines for the diagnosis of DVT from
the American Thoracic Society concur with this
strategy, recommending the use of venography as
a followup to inconclusive compression ultrasound

results, and the use of serial ultrasound or imped-
ance plethysmography in patients with normal
compression ultrasound results.

Pulmonary embolism has a wide spectrum of
clinical presentation, from subtle clinical signs to
hemodynamic instability resulting in death within

an hour of acute onset. In most cases, PE goes
undetected and is a ‘silent’ killer identified only at
autopsy. An analysis of 200 autopsied cases

showing massive or submassive PE performed
between 1989 and 1995 revealed that in 78% of
cases, major PE had not been diagnosed by
physicians [33]. The most common signs and

symptoms associated with PE are listed in Tables
5 and 6 [34]. For patients presenting with PE,
shortness of breath, with or without leg pain,

may be the first symptom, however there are
a number of specific criteria that allow for
a more accurate diagnosis. Similar to the clinical

model for diagnosis of DVT, Wells and colleagues
also defined a clinical algorithm for the diagnosis
of PE, which when used in conjunction with

D-dimer testing, safely reduces the need for expen-
sive imaging diagnostics (Fig. 2) and (Table 7)
Clinically Suspe

DVT

Pretest Probab
(PTP)

Low Pretest Probability

D-dimer

DVT
Excluded

D
Neg D-dimer

Low PTP

Positive

N
e
g
a
t
i
v
e

Negative

Fig. 1. Clinical model. (Adapted from Wells PS, Anderson DR

ability of DVT in clinical management. Lancet 1997;300:795–8
[35,36]. This model for assessment of PE uses
a point system for calculating the low, moderate,
or high pretest probability of PE. Points are as-
signed based on clinical symptoms of DVT, includ-

ing heart rate of O100 beats per minute,
immobilization for O3 days or recent surgery in
the past 4 weeks, a clinical history of VTE, hemop-

tysis, malignancy, or the clinician determination
that PE is as likely or more likely than another di-
agnosis. PE patient history and physical examina-

tion findings reported in the Prospective
Investigation of Pulmonary Embolism Diagnosis
trial illustrate the difficulty in quickly identifying

or ruling out a diagnosis of PE. In PIOPED, the
most common past and current physical findings
included dyspnea, pleuritic chest pain, cough,
tachycardia, and tachypnea [37]. These symptoms

also can be indicative of heart failure, interstitial
lung disease, or pneumonia. For this reason it is es-
pecially important to conduct thorough examina-

tion and risk stratification when examining
patients for potential VTE.

Because of the lack of sensitivity and specificity

associated with these findings, clinicians cannot
unequivocally rely on them solely for diagnosing
PE. Instead, clinical prediction rules have been

developed that assess the pretest probability of
pulmonary embolism. These scoring systems have
cted

ility

Moderate/High
Pretest Probability

Compression
Ultrasound

(CUS)

Treat
DVT

1 wk
CUS

-dimer & PTP

Mod – High PTP
+ D-dimer

Positive

Positive

, Bormanis J, et al. Value of assessment of pretest prob-

; with permission).



Table 4

Pretest probability for DVT

Clinical characteristics Score

1. Active cancer (treatment ongoing within

previous 6 months or palliative)

1

2. Paralysis, paresis, or recent plaster

immobilization of the lower extremities

1

3. Recently bedridden O3 days or major

surgery within 12 weeks requiring general

or regional anesthesia

1

4. Localized tenderness along the distribution

of deep venous system

1

5. Entire swollen leg 1

6. Calf swelling 3 cm larger than

asymptomatic side (measured 10 cm below

tibial tuberosity)

1

7. Pitting edema confined to the symptomatic

leg

1

8. Collateral superficial veins (non-varicose) 1

9. Alternative diagnosis at least as likely as

deep vein thrombosis

�2

Scoring.

O3 points ¼ High Probability.

1–2 points ¼ Moderate Probability.

0 ¼ Low Probability.

Adapted from Wells PS, Anderson DR, Bormanis J,

et al. Value of assessment of pretest probability of

DVT in clinical management. Lancet 1997;300:795–8;

with permission.

Table 5

Symptoms in all patients with pulmonary embolism

according to age

R70 Y N ¼
53–55 n (%)

!70 Y N ¼
130–137 n (%)

Dyspnea

Dyspnea (rest

or exertion)

41 (75) 110 (80)

Dyspnea

(at rest)a
33 (60) 84 (61)

Dyspnea

(exertion

only)a

7 (13) 24 (18)

Orthopnea

(R2-pillow)

17 (31) 52 (39)

Pleuritic pain 18 (33) 71 (52)b

Chest pain

(not pleuritic)

7 (13) 26 (19)

Cough 24 (44) 58 (43)

Wheezing 13 (25) 45 (33)

Calf or thigh

swelling

14 (26) 61 (46)b

Calf or thigh

painb
15 (28) 62 (46)

a Information not available in some.
b P ! .025 age R 70 years versus ! 70 years. All

other differences between age groups are not significant.

Data from Stein PD, Beemath A, Matta F, et al.

Clinical characteristics of patients with acute pulmonary

embolism: data from PIOPED II. Am J Med

2007;120:871–9.
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been shown to be as accurate as experienced
physicians using clinical gestalt assessment for
pulmonary embolism [38]. These prediction rules

allow clinicians to pursue further testing to prove
or disprove the diagnosis.

Diagnostic testing for deep vein thrombosis
and pulmonary embolism

Diagnostic evaluation of suspected VTE

includes a clear correlation between clinical prob-
ability, test selection, and test interpretation.
However, a variety of diagnostic approaches are
feasible, and the availability and familiarity with

particular technolgy may influence the choice of
approach. Additionally, the sensitivity of certain
diagonostic tests is affected by the location of the

thrombus.

Diagnostic testing for deep vein thrombosis

Contrast venography
Contrast venography is no longer appropriate

as the initial diagnostic test in patients exhibiting

DVT symptoms, although it remains the ‘‘gold
standard’’ for confirmatory diagnosis of DVT

(Fig. 3). Venography is nearly 100% sensitive
and specific, and provides the ability to investigate
the distal and proximal venous system for throm-
bosis [39]. Venography is still warranted when

non-invasive testing is inconclusive or impossible
to perform, but its use is no longer widespread
due to the need for administration of a contrast
medium and the increased availalbility of non-in-

vasive diagnostic strategies. Additional drawbacks
of venography include its contraindication in pa-
tients with renal insufficiency and its lack of accu-

racy in recurrent DVT due to the difficulty of
visualizing an intralumental defect in veins that
have been thrombosed previously.

Ultrasound

Ultrasound is a safe and noninvasive and has
a higher specificity than impedance plethysmog-
raphy for the evaluation of suspected DVT
(Fig. 4) [40]. With color flow Doppler and com-

pression ultrasound, a DVT is diagnosed based
on the inability to compress the common femoral
or popliteal veins. With a first symptomatic DVT,

sensitivity is 95% and specificity 96%. The



Table 6

Signs in all patients with pulmonary embolism

R70 y N ¼
52–55 n (%)

!70 y N ¼
130–137 n (%)

General

Tachypnea

(R20 min)

28 (51) 80 (59)

Tachycardia

(O100 min)

11 (21) 38 (28)

Diaphoresis 1 (2) 7 (5)

Cyanosis 0 (0) 1 (1)

Temperature

O38.5�C(O101.3�F6)

0 (0) 3 (2)

Cardiac

examination (any)

12 (22) 30 (23)

Increased P2a 3 (7) 19 (18)

Right ventricular

liftb
2 (4) 6 (5)

Jugular venous

distension

10 (19) 15 (11)

Lung examination

(any)

25 (45) 44 (32)

Rales (crackles) 14 (26) 36 (27)

Wheezes 2 (4) 4 (3)

Rhonchi 3 (6) 6 (4)

Decreased breath

sounds

16 (29) 24 (18)

Pleural friction rub 1 (2) 1 (1)

All differences between age groups not significant.
a Data in 42 patients R 70 years, 103 patients ! 70

years.
b Data in 45 patients R70 years, 110 patients !70

years.

Data from Stein PD, Beemath A, Matta F, et al.

Clinical characteristics of patients with acute pulmonary

embolism: data from PIOPED II. Am J Med

2007;120:871–9.

209PULMONARY EMBOLISM IN THE ELDERLY
diagnosis accuracy of ultrasound in patients with
first asymptomatic DVT, recurrent DVT, or iso-
lated calf DVT is less reliable.

The sensitivity of ultrasound improves with
serial testing in untreated patients. Repeat testing
as 5 to 7 days will identify another 2% of patients

with clots not apparent on the first ultrasound
[41]. Serial testing can be particularly valuable in
ruling out proximal extension of a possible calf
DVT. Because the accuracy of ultrasound in diag-

nosing calf DVT is acknowledged to be lower
(81% for DVT below the knee versus 99% for
proximal DVT), follow up ultrasounds at 5 to 7

days are reasonable because most calf DVTs
that extend proximally will do so within days of
the initial presentation [42].

Ultrasound after a non-diagnostic V/Q scan is
particularly effective in excluding PE in stable
patients. In one study of patients with non-
diagnostic V/Q scans, the negative predictive
value of serial ultrasound performed at days 3,
7, and 14 was 99.5% [38]. Serial ultrasound after

a non-diagnostic V/Q scan can thus reduce the
percentage of patients who need angiography
from 73% to 29% [43].

Diagnostic testing for pulmonary embolism

Chest xray
Although a chest xray is commonly ordered

during the process of evualuating a patient sus-
pected of pulmonary embolism, it is frequently
normal (Fig. 5). A normal chest xray in the pres-

ence of severe dyspnea or hypoxemia without ev-
idence of bronchospasm or cardiac shunt is
strongly suggestive of but not diagnostic of PE

[44]. The Hampton hump, which is visible in
some xrays, is a classic finding caused by a pleural
based abnormality due to pulmonary infarction;
its presence, however, is no common and cannot

be used to confirm or exclude PE. Chest xray is
most useful to rule out other conditions that
may mimic PE, such as pneumothorax or pneu-

monmediastinum [44].

Ventilation-perfusion lung scanning

Ventilation-perfusion (V/Q) lung scanning has
long been considered the major test for diagnosing
PE (Fig. 6). The Prospective Investigation of Pul-
monary Embolism Diagnosis (PIOPED) study

evaluated the sensitivity and specificity of V/Q
lung scanning in patients with clinically suspected
PE (Table 8) [37]. The diagnosis of PE was con-

firmed by pulmonary angiography or autopsy.
The key findings from this study were that PE
was present in 96% of patients who had a high

pretest PE clinical probability plus a high proba-
bility V/Q lung scan, while 40% of patients with
a high pretest PE clinical probability and a low

probability V/Q lung scan had PE. However,
when a high probability V/Q lung scan was asso-
ciated with a low pretest PE clinical probability,
the likelihood of PE was only 56% to 88%. In

the group of patients with low clinical suspicion
and low probability V/Q scan, only 4% had an-
giographically confirmed PE. In some clinical sce-

narios, the ventilation portion of the V/Q lung
scan cannot be performed. The value of perfusion
scanning alone was also evaluated in the PIOPED

study, which revealed that the positive predictive
value of a high, intermediate, and low probability
perfusion scan did not differ from complete V/Q



Non-Diagnostic

V/Q or Spiral CT

PE

Pretest Probability

Moderate/High
Pretest Probability and
Positive D-dimer

PE
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Treat
PE

N
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e

Negative

Compression Ultrasound

Low Pretest Probability
or Negative D-dimer

Pulmonary
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Fig. 2. Algorithm for non-diagnostic V/Q or spiral CT. (Adapted from Wells P, Anderson D, Rodger M, et al. Deriva-

tion of a simple clinical model to categorize patients with a probability of pulmonary embolism: increasing the models

utility with the SimpliRED D-dimer. Thromb Haemost 2000;83:416–20; with permission).
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lung scans [37]. The key point when interpreting
V/Q scanning is that the combination of clinical
suspicion and V/Q results was non-diagnostic in
72% of patients. Therefore additional testing is

required to confirm thrombotic events.
Table 7

Pretest probability for pulmonary embolism

Clinical characteristics Score

1. DVT Symptoms & Signs 3

2. PE as or more likely 3

3. Heart Rate O 100/min 1.5

4. Immobilization/surgery 1.5

5. Previous DVT or PE 1.5

6. Hemoptysis 1.0

7. Malignancy 1.0

Scoring.

O6 points ¼ High Probability.

2–6 points ¼ Moderate Probability.

!2 ¼ Low Probability.

Data from Wells PS, Ginsberg JS, Anderson DR,

et al. Use of a clinical model for safe management of

patients with suspected pulmonary embolism. Ann In-

tern Med 1998;129:997–1005.
Single-detector spiral or helical computed
tomography angiography (SCTA)

One of the techniques for the diagnosis of PE is
contrast-enhanced single detector spiral computed

tomography angiography (SCTA) (Fig. 7). SCTA
scanning is minimally invasive and widely avail-
able, and offers the advantage of imaging any em-

boli directly within the pulmonary arteries. With
regard to sensitivity and specificity, pooled data
indicate a sensitivity of about 70% and a specific-

ity of 88% with a positive predictive value of 76%
and a negative predictive value of 84% [45]. A re-
cent prospective, multi-center study evaluated he-
lical SCTA as initial testing for PE [46]. In 24%

(124/510) PE was diagnosed while 26% (130/
510) had an alternative diagnosis such as pneumo-
nia, malignancy, pleural effusion, or heart failure.

The remaining 248 patients had negative SCTA
scans. These patients had serial lower extremity
ultrasounds to ensure lower extremity thrombosis

was not missed. SCTA scanning appears to be
more accurate in detecting central or lobar PE
than segmental PE, and thus a normal SCTA

scan cannot be taken to rule out the possibility
of subsegmental PE. However, isolated



Fig. 3. Venogram.
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subsegmental PE is uncommon and this limitation
should therefore be kept in perspective. A recent
systematic review of the clinical validity of a nega-

tive SCTA scan in patient suspected with pulmo-
nary embolism demonatrated that withholding
anticoagulation with a negative SCTA was safe

and similar to having a negative pulmonary angio-
gram [47].
Fig. 4. Compressio
Multi-detector spiral computed
tomography (MDCT)

Multi-Detector spiral computed tomography
(MDCT) technology quickly followed Single De-

tector Spiral (or Helical) Computed Tomography
(SCTA), improving on the same concept (Fig. 8)
[48]. With MDCT, multiple detectors are stag-

gered and rotated around the patient as they slide
through the CT scanner. Initially, 4 detectors were
used for MDCT, but this quickly progressed to 6-,

8-, 10-, 16-, 32-, and 64-detector technology [49].
The use of more detectors shortens the time of
the study to !10 seconds and allows for cuts as

thin as 0.5 mm to be obtained. This greatly im-
proves the resolution of the study, allowing for
imaging out to sixth-order pulmonary arteries
[50]. Consequently, MDCT improves the detec-

tion of segmental and subsegmental PEs decreas-
ing false-negative results and improving
sensitivity [51,52]. The significance of subsegmen-

tal PEs, especially those in arteries out to the fifth
and sixth generation, is unknown, as is the impor-
tance of treating them. Subsegmental PEs may not

be acutely dangerous to the patient but may pre-
dict the potential for a future, more severe embo-
lism [44,53]. It may also identify patients at risk

for the development of pulmonary hypertension
[54,55]. Regardless of importance, MDCT does
not seem to increase the diagnosis of PE even at
the subsegmental level. If the use of MDCT did

lead to an increased diagnosis of isolated subseg-
mental clots, the incidence of PE in MDCT
n ultrasound.



Fig. 5. Chest Xray.
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studies should be higher than those performed
with other methods.

As with SCTA, MDCT exposes patients to
radiation exposure and the risk of contrast in-

duced nephropathy. It is worth noting that
radiation exposure is significantly greater with
MDCT. A 4-row MDCT may increase radiation

exposure by 30% to 100% when compared with
SCTA [50]. In summary, single- or multidetector
CT scanning has an excellent specificity for the di-

agnosis of PE, and patients with a positive study
should be treated with confidence.

Magnetic resonance angiography

Recent advances in magnetic resonance imag-
ing (MRI) technology have made imaging of the
chest, and particularly the vascular structures,

feasible (Fig. 9). Specifically, the development of
parallel imaging has greatly decreased the amount
of time necessary to complete a study, allowing
images to be acquired during a short breath

hold of 20 seconds [56]. MRI is attractive since
it does not use ionizing radiation and the contrast
agent used is less nephrotoxic. The 3 most

commonly used MRI techniques are gadolinium-
enhanced MRA (Gd-MRA), real-time MRI
(RT-MR), and magnetic resonance (MR) perfu-

sion. The accuracy for the evaluation of PE differs
with the different techniques.

Gadolinium-enhanced MRA (Gd-MRA)

Gd-MRA is perhaps the most common MRA
method currently used to evaluate a patient for
PE. In the largest study of Gd-MRA, conducted
by Oudkerk and colleagues [57] 118 patients un-
derwent Gd-MRA followed by pulmonary angi-
ography, and 2 independent readers interpreted
the Gd-MRAs. Gd-MRA sensitivity was 77%

and specificity was 98%. Although Gd-MRA
identified all emboli in the central and lobar ar-
teries, its sensitivity was only 40% for isolated

subsegmental emboli. Sensitivity improved to
72% when all subsegmental emboli were included.
Similar results were reported in smaller studies

and in a study that compared Gd-MRA with 16-
row MDCT as the reference standard [58–60].
The high specificity of Gd-MRA allows patients

with a positive study to be treated for PE with
confidence. However, at this time, its sensitivity
as a single test is not high enough to reliably ex-
clude PE, particularly in the distal, subsegmental

arteries.

Real-time-magnetic resonance imaging (RT-MR)

RT-MR uses technology similar to that used
for electrocardiographically gated CT scanners to
acquire images of moving organs. When used for
the evaluation of PE, RT-MR is timed to take

images gated to a patient’s respiratory cycle. This
modality has 2 advantages. First, it eliminates the
need for a breath hold. Second, RT-MR se-

quences produce T2-weighted images, which allow
for imaging of thrombus without the need for
contrast [61].

There are few published studies comparing
RT-MR with other modalities. In a study by
Kluge and colleagues [60] 62 patients with signs



Fig. 6. Ventilation Perfusion Lung Scan.
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and symptoms of PE underwent 16-row MDCT
(standard), Gd-MRA, RT-MR, and MR perfu-

sion imaging. The incidence of PE was 31% and
the sensitivity and specificity of RT-MR were
85% and 98%, respectively. The sensitivity of

RT-MR was superior to that of Gd-MRA
(77%), and the specificities were essentially the
same. Although RT-MR showed continued excel-

lent specificity, its sensitivity was not nearly what
might be expected based on the preclinical study
and does not appear to be high enough to allow

its use as a stand-alone test for the evaluation of
PE.

Magnetic resonance perfusion (MR perfusion)
MR perfusion images use contrast agents that

cause local disturbances in a magnetic field that
can be measured by an MR scanner. Gadolinium
is frequently the contrast agent used, and perfu-

sion studies can be performed immediately after
Gd-MRA. The patient does need to perform
a breath hold for an optimal study. Perfusion

images do not directly image vascular structures,
but rather generate a signal based on the volume
of blood in a region. MR perfusion studies act in
a similar fashion as nuclear medicine perfusion
studies, in that areas where blood flow is de-

creased or absent suggest areas where blood flow
is obstructed. This acts as indirect evidence of PE.
Although clinical studies of MR perfusion are

limited, it is hoped that MR perfusion will
perform better with respect to identifying periph-
eral thrombus in the subsegmental arteries than

Gd-MRA and RT-MR. The major concern with
MRI for the evaluation of PE is its lack of
sensitivity. Although there are few studies of this

technique to date, there is already a trend toward
a reproducible sensitivity in the range of 75% to
93% [62]. In the future, combining MRI with
imaging of the lower extremities may prove to

be adequate to rule out PE.
There are contraindications for MRI, the most

important of which is the presence of an electronic

implanted device. Fatal arrhythmias have been
attributed to cardiac pacemaker malfunctions
during an MRI, and pacemakers are considered

an absolute contraindication. Nerve stimulators,
continuous medicine pumps (eg, epoprostanol),
cardiac defibrillators, insulin pumps, cochlear
implants, and some prosthetic devices should be



Table 8

Clinical assessment and ventilation-perfusion (V/Q) scan probability in the prospective investigation of pulmonary

embolism diagnosis (PIOPED) study [adapted from the PIOPED investigators [37]

Clinical suspicion of PE

V/Q lung scan category

(probability)

High (80%–100%)

n/N (%)

Intermediate (20%–79%)

n/N (%) Low (0%–19%) n/N (%)

High 28/29 (96) 70/80 (88) 5/9 (56)

Intermediate 27/41 (66) 66/236 (28) 11/68 (16)

Low 6/15 (40) 30/191 (16) 4/90 (4)

Normal 0/5 (0) 4/62 (6) 1/61 (2)

Total 61/90 (68) 170/569 (30) 21/228 (9)

Abbreviations: n, number of patients with proven PE; N, number of patients with specific V/Q lung scan results; PE,

pulmonary embolism.

Data from The PIOPED Investigators. Value of the ventilation/perfusion scan in acute pulmonary embolism: results

of the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED). JAMA 1990;263(20):2753–59.
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considered contraindications as should residual
metallic fragments (shrapnel, bullets), which may
move during the course of an MRI [63]. Gadoli-
nium-based contrast agents are thought to be

less toxic than ionic contrast agents used for fluo-
roscopy and CT scanning. The incidence of ad-
verse events associated with gadolinium contrast

is 1.47% [64]. At least 69% of these reactions
are mild in nature. Severe reactions, such as ana-
phylaxis, occur in 0.0003% of patients. Although

gadolinium was thought to be safe for use in
patients with renal failure at US Food and Drug
Administration (FDA)–approved doses, gadoli-
nium-containing agents recently have been impli-

cated in the development of nephrogenic
fibrosing dermopathy (NFD)/nephrogenic sys-
temic fibrosis (NSF). NFD/NSF is a rare condi-

tion (only 215 cases have been reported
worldwide since 1997) that occurs exclusively in
Fig. 7. Helical Computed Tomography.
patients with chronic renal insufficiency, tends to
be progressive, and may be fatal [65].

In summary, MRI and MRA of the pulmonary
vasculature is a rapidly developing technology for

evaluating PE. The accuracy of MR for evaluating
PE is dependent on the technique used. When
these techniques are used as stand-alone tests,

they have a high specificity for diagnosing PE, but
sensitivity is not high enough to reliably exclude
PE without additional testing. However, when

combined to evaluate PE, these techniques have
a sensitivity and specificity that rivals 4-row
MDCT.
Fig. 8. MDCT through the left upper lobe partial defect

in anterior segmental artery. From Storto ML, DiCre-

dico A, Guido F, et al. Incidental detection of pulmo-

nary emboli on routine MDCT of the chest. AJR Am

J Roentgenol 2005;184:264–7; with permission.



Fig. 9. 3 D Gadolinium enhanced MR angiography. MRI Direct Thrombus Imaging. From Pedersen MR, Fisher MT,

van Beek EJ. MR imaging of the pulmonary vasculaturedan update. Eur Radiol 2006;16:1374–86; with permission.
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Pulmonary angiography
Pulmonary angiography is the gold standard

diagnostic test for PE, but it is invasive – a factor
responsible for its underuse by clinicians (Fig. 10).

The major concern is the estimated 1%–2% risk
of major complications that include death, renal
failure, cardiac arrhythmias and adverse dye reac-

tions [66]. However, the safety of pulmonary angi-
ography has improved over the last 10 years and
the actual risks associated with this test are low

compared with cardiac catheterization, which is
far more frequently performed, with little hesita-
tion from clinicians. Current recommendations

state that pulmonary angiography is the reference
standard but should be reserved for patients in
whom non-invasive tests have proved inconclusive
[67]. A normal angiogram can safely be assumed

to rule out suspected PE.
D-dimer
D-dimer is a specific degradation product

released into the blood circulation when cross-
linked fibrin undergoes endogenous fibrinolysis

(Table 9) [68,69]. A number of clinical studies
have been performed using either an enzyme-
linked immunosorbent assay (ELISA) or a latex

agglutination test for D-dimer. A review of the lit-
erature comparing D-dimer results and objective
diagnostic tests for DVT or PE revealed the fol-

lowing points: (1) results of clinical studies using
one manufacturer’s D-dimer assay cannot be ex-
trapolated to another; (2) no one D-dimer test

has been established as the best; (3) D-dimers
have a poor specificity particularly in the settings
of hospitalization, pregnancy, cancer, and the
postoperative state, and (4) future studies should

be more rigorous regarding the definitive presence



Fig. 10. Pulmonary Angiogram.

216 MERLI
or absence of DVT and PE, and should address is-

sues such as the extent of thrombosis, the clinical
setting and comorbidity [70,71].

D-dimer testing was examined in a study by

Perrier and colleagues [72], which evaluated diag-
nosis of PE in 308 consecutive patients presenting
to the emergency room with suspected PE. All pa-
tients had a clinical probability assessment, a V/Q

lung scan, and an ELISA plasma D-dimer test.
Noninvasive tests were performed sequentially.
A normal lung scan was deemed to rule out PE,

and a high probability scan established PE. In
the case of a nondiagnostic lung scan, the clinical
probability was combined with the lung scan re-

sults; a low clinical probability ruled out PE and
a high probability established PE. If patients
Table 9

Sensitivity and specificity of the D-dimer based on the laborat

Me

Sen

ELISA 95%

Rapid quantitative ELISA 95%

Rapid semiquantitative ELISA 93%

Rapid qualitative ELISA 93%

Quantitative latex agglutination 89%

Semiquantitative latex agglutination 92%

Whole blood agglutination 78%

ELISA, enzyme-linked immunosorbent assay.

Data from Stein PD, Hull RD, Patel KC, et al. D-dimer for

embolism: a systematic review. Ann Intern Med. 2004;140:589
had a nondiagnostic lung scan and an intermedi-
ate clinical probability of PE, their D-dimer con-
centration was measured. A normal D-dimer

concentration (defined as !500 mg/L) ruled out
PE, while an abnormal concentration (R500 mg/
L) was followed by an ultrasound scan. Patients
with DVT were classified as having PE. The study

revealed that of 147 patients with a nondiagnostic
lung scan and an intermediate clinical probability
of PE, 53 had PE ruled out as they had normal D-

dimer concentrations. No patient with a normal
D-dimer concentration experienced a thrombotic
event by the 6-month follow-up. The negative pre-

dictive value of D-dimer in this this strategy was
99%, while its specificity was 50%. Interestingly,
the study also concluded that in a clinical setting
without lung scan facilities, normal D-dimer test

results could have been used to rule out PE in
32% of patients. These data support the use of
D-dimer as part of future algorithms for diagnosis

of PE concomitant with objective testing.
D-dimer testing has been the subject of

intensive investigation as a candidate for

a non-invasive test for DVT and PE. However,
the performance of the D-dimer test is highly
dependent upon the type of assay used and has

some significant limitations, particularly in re-
lation to medical patients. Traditional latex and
whole blood agglutination tests, such as the
Simplired, have been shown to have a low

sensitivity for D-dimer and should not be used
to rule out PE [67,73,74]. However, plasma D-
dimer, when assayed using a quantitative ELISA

or ELISA-based method, is highly sensitive for
PE, and a normal D-dimer level (%500 mg/L)
safely excludes PE [67,73]. While ELISA-based

D-dimer testing has a high negative predictive
ory technique

an (range)

sitivity Specificity

(85%–100%) 44% (34%–54%)

(83%–100%) 39% (28%–51%)

(79%–100%) 36% (23%–50%)

(74%–100%) 68% (50%–87%)

(81%–98%) 45% (36%–53%)

(79%–100%) 45% (31%–59%)

(64%–92%) 74% (60%–88%)

the exclusion of acute venous thrombosis and pulmonary

–602.
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value, specificity is relatively low because, in ad-
dition to VTE, a range of acute illnesses includ-
ing cancer, inflammation and infection also
produce fibrin. The specificity of D-dimer testing

is even lower in elderly patients. Overall, D-dimer
has provenmost useful in the assessment of patients
in the emergency care department; D-dimer testing

of medical in-patients is still a valid method to rule
out PE, but normal levels are seen in less than 10%
of patients so the technique must be used in con-

junctionwith othermethods such asV/Q lung scan-
ning [67,73].
Summary

This chapter reviews Virchow’s Triad to pro-
vide clinicians with the pathophysiologic basis for
the development of VTE. Armed with this data
physicians should be vigilant of the development of

VTE when these factors are present. The second
clinical point is the appropriate need to evaluate
elderly patients for primary or secondary throm-

bophilia. By using statistical probability and clin-
ical history selected geriatric patients with VTE
should be assessed for the etiology of their hyper-

coagulable state. Finally evaluating symptomatic
patients for VTE should be structured to use the
appropriate testing to confirm the diagnosis.
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Venous thromboembolism (VTE), including
deep vein thrombosis (DVT) and pulmonary
embolism (PE), is the third leading cause of
cardiovascular death after myocardial infarction

and stroke in the United States [1]. VTE has an
average annual incidence of more than 100 cases
per 100,000 person-years [2]. Autopsy studies

demonstrate large numbers of silent events [3,4]
leading to the widely reported estimates of 2 mil-
lion DVT cases and up to 200,000 PE deaths

annually [5]. Because VTE disproportionately
affects the elderly, and in the United States seniors
are the fastest growing subset of the population,
the number of VTE events and VTE-associated

deaths will likely continue to increase [1,6–8].
Epidemiology

The rate ratio for VTE among elderly patients is
about 10 to 20 times that of young adults [9], mak-
ing advanced age an important risk factor for VTE.

The mechanisms for the age-dependency of VTE
are multiple. With aging, there is an increasing
prevalence of chronic conditions that contribute

toVTE risk, includingmalignancy, atherosclerosis,
heart failure, and immobility. Compared with
younger patients, geriatric patients are more often

hospitalized for acute illness and for urgent or
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elective surgeries. Finally, following acute illness,
recovery of mobility may be slower. All of these
factors contribute to the high incidence of VTE in
the geriatric population. Given these demographic

considerations, studies of VTE prevention usually
include many elderly patients. Few studies, how-
ever, have examined this population specifically.

As such, the authors’ recommendations pay special
attention to VTE prevention in the elderly given
their overall increased risk for VTE.

The incidence of VTE is more than 150-fold
higher among hospitalized patients compared
with community residents [10], and most VTE ep-
isodes occur in conjunction with hospitalization

or institutionalization [6,11]. Attention to primary
VTE prevention should focus on the hospitalized
patient. In hospitalized patients, the incidence of

venographically detectable DVT is alarmingly
high in the absence of thromboprophylaxis, rang-
ing from 10% to 20% in general medical and

surgical patients [12,13], to about 60% in those
who have undergone joint arthroplasty, and
even up to 80% in those with acute spinal cord in-

jury [12,13]. Although many of the venographi-
cally apparent VTE found by routine
surveillance are distal and small, some are proxi-
mal, and sometimes the first presentation of

VTE is a fatal PE. Autopsy studies show that
VTE remains a leading cause of preventable in-
hospital mortality, often undiagnosed before

death [14–16]. Thromboprophylactic treatments
are effective, but none is foolproof. In general,
pharmacologic prophylactic regimens reduce the

risk of VTE by about 50% in medical patients
[17] and perhaps over 50% in surgical patients
[13], but given the high baseline rates of
ts reserved.
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Box 1. Conditions predisposing to VTE
in the elderly

Stasis of blood
Impaired mobility or ambulation

(hospitalization or institutionalization)
Anesthesia
Valvular incompetence of leg veins
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thrombosis, breakthrough VTE is still a common
problem, even when appropriate antithrombotic
regimens are used [12]. All clinicians caring for

hospitalized patients should ensure that patients
undergo VTE risk factor assessment to help guide
appropriate prophylaxis on hospital admission (or
following surgery), and an index of suspicion for

VTE is maintained, even when a patient is receiv-
ing appropriate prophylaxis.
(varicose veins)
Congestive heart failure

Damage to vessels
Surgery
Falls or fractures
Vascular catheters
Prior VTE with or without residual

thrombus
Atherosclerosis

Altered coagulation
Malignancy
Inflammation (infections, rheumatic

disease, tissue trauma)
Medications (hormone replacement,

estrogen receptor modulators,
chemotherapy)

Smoking
Hereditary or acquired thrombophilia
Nephrotic syndrome
Obesity
Risk factor assessment and stratification

Three main factors precipitate venous throm-
bosis: (1) stasis of blood; (2) damage to vascular

structures; and (3) disordered hemostasis (tran-
sient or chronic hypercoagulability). These factors
have been referred to as ‘‘Virchow’s triad,’’ named
for the nineteenth century pathologist, Rudolf

Virchow, who showed that pulmonary thrombi
generally originated in the deep veins of the
systemic circulation and were carried to the

pulmonary circulation by venous blood flow
(although he was not who originally described
the triad that bears his name) [18,19]. Common

and important causes of stasis, vascular damage,
and altered coagulability in the elderly are shown
in Box 1. The more risk factors present, the higher

the risk of VTE, and elderly patients are far more
likely than younger patients to have multiple risk
factors. In general, any immobilized elderly pa-
tient admitted to the hospital for a medical condi-

tion needs aggressive pharmacologic prophylaxis
as outlined in Table 1.

In surgical patients, the overall risk of VTE

depends not only on the patient’s baseline
morbidities and risk factors (obesity, advanced
age, prior VTE history, malignancy) but also the

nature of the surgery (type of surgery, type and
duration of anesthesia) [12,20,21]. Even in the ab-
sence of these risk factors, patients over the age of

60 are classified as having a high risk of VTE (rate
of proximal DVT up to 8% and clinical PE up to
4% in the absence of prophylaxis) according to
a scheme put forth by the American College of

Chest Physicians (ACCP) in their most recent ev-
idence-based guidelines published in 2004; (A
2008 update is anticipated). [12]. These numbers

are twice as high among patients in the highest
risk category, which includes those elderly under-
going cancer surgeries, major joint replacement,

or hip fracture repair and those with prior VTE,
recent trauma, or spinal cord injury [12]. Virtually
all elderly patients are in the high and the highest
risk categories and need aggressive pharmacologic

prophylaxis as outlined in Table 1.
Prophylaxis in medical patients

The problem of inadequate and omitted pro-
phylaxis for DVT in medical patients has clearly
been shown in the DVT Free Registry. This

registry was conducted at 183 United States
hospitals and included 5451 patients, both in-
patients and outpatients, with ultrasound-con-
firmed DVT. Approximately 2726 (50%) were

inpatients (ie, were diagnosed with DVT in the
hospital). Of these only 1147 or 42% had received
any prophylaxis before diagnosis. The number of

medical inpatients overall who received prophy-
laxis in the 30 days before diagnosis was only
28%; this was lower than the 48% of the surgical

patients who received prophylaxis in the 30 days
before diagnosis. This suggests that the use of
VTE prophylaxis is far from optimal in



Table 1

Recommendations for VTE prophylaxis in the elderly

Condition Type of prophylaxis Durationa

Medical UFH 5000 U SC tid or LMWH Until dischargeb

General surgery UFH 5000 U SC tid or LMWH Until discharge

General surgery for cancer UFH 5000 U SC tid or LMWH

plus IPC or GCS

Up to 28 d

Vascular surgery UFH 5000 U SC tid or LMWH Until discharge

Laparoscopic gynecologic

surgery O30 min

UFH 5000 U SC tid or LMWH

plus IPC or GCS

Until discharge

Major gynecologic surgery UFH 5000 U SC tid or LMWH

plus IPC or GCS

Until discharge

Urologic surgery other

than low-risk

UFH 5000 U SC tid or LMWH

plus IPC or GCS

Until discharge

Total knee replacement LMWH or VKA At least 10 d

Total hip replacement or

hip fracture surgery

LMWH or VKA or fondaparinux 28 – 35 d

Neurosurgery Until discharge

Extracranial IPC � GCS � LMWH or UFH

Intracranial IPC � GCS � LMWH or UFH

LMWH dosing: enoxaparin, 40 mg SC daily; dalteparin, 5000 IU SC daily.

Fondaparinux: 2.5 mg SC daily.

Abbreviations: GCS, graded compression stockings; IPC, intermittent pneumatic compression; LMWH, low-molec-

ular-weight heparin; UFH, unfractionated heparin; VKA, vitamin k antagonists (warfarin).
a ‘‘Until discharge’’ applies to discharge from the acute care setting. If patients are being discharged to a rehabilita-

tion facility because of functional limitations, then these patients should receive ongoing prophylaxis in the rehabilitation

setting.
b If patients are >75 years old, have previous history of VTE or active cancer they should receive prophylaxis for

35 days.
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hospitalized medical patients at risk for VTE [22].
Despite increasing public awareness of this gap
and dissemination of practice guidelines, clinical

inertia persists [23].
Mechanical forms of prophylaxis, such as

graduated compression stockings, have been eval-

uated in patients with stroke and myocardial
infarction. Intermittent pneumatic compression
stockings and venous foot pumps have not been

studied in randomized controlled trials in general
medical patients. Although there are data sup-
porting the efficacy of these devices in surgical
patients (discussed later), the authors discourage

their use as solo prophylactic measures in medical
patients, except when pharmacologic prophylaxis
is contraindicated [12].

The ideal prophylactic agent is one that is
cheap, efficacious, has acceptable bleeding risk
(and risk of other adverse events), and is well

tolerated. Available pharmacologic options for
prevention of VTE in medical patients include
unfractionated heparin (UFH), low-molecular-

weight heparin (LMWH), and the synthetic penta-
saccharide fondaparinux. Oral anticoagulants,
including vitamin K antagonists (VKAs), have
not been adequately studied in hospitalizedmedical
patients. Because VKAs take a few days to achieve
therapeutic anticoagulation, the authors do not

recommend using them de novo as VTE prophy-
laxis. Patients taking oral VKAs in the outpatient
setting who have therapeutic international normal-

ized ratios during hospitalization, however, are
probably adequately protected from VTE and do
not need additional pharmacologic prophylaxis.
Unfractionated heparin

UFH is a heterogenous mixture of repeating
polysaccharide chains of varying sizes, averaging
about 15 kd. It binds antithrombin III and
facilitates antithrombin III–mediated inactivation

of factors IIa, Xa, IXa, and XIIa. Of these, IIa
and Xa are most responsive to inhibition. Because
of its large size, UFH is only partially absorbed

from subcutaneous (SC) tissue, and it has a vari-
able anticoagulant response caused by interac-
tions with plasma proteins, macrophages, and

endothelial cells [24]. In prophylactic SC doses
(5000 units twice or three times daily), monitoring
of the activated partial thromboplastin time is not
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required; in some cases (eg, small frail elderly
patients), prophylactic SC doses may prolong
the activated partial thromboplastin time slightly.

UFH also binds to platelets and platelet factor
4, and may precipitate heparin-induced thrombo-
cytopenia. Three clinical trials [25–27] have com-
pared the efficacy of SC UFH with placebo and

found that prophylactic doses of UFH decrease
the relative risk of DVT as detected by fibrinogen
uptake test by approximately 70% without in-

creasing the risk of bleeding [12]. Additional stud-
ies have compared UFH with active treatment (eg,
LMWH), as discussed later.
Low-molecular-weight heparins

LMWHs are derived from UFH through
a chemical depolymerization or fractionation pro-
cess. They are about one third the size of UFH,

with a molecular weight of approximately 5 kd.
These smaller molecules are readily absorbed
from the SC tissue, eliciting a more predictable

anticoagulant response than UFH. Unlike UFH,
LMWHs have only minimal nonspecific binding
to plasma proteins, endothelial cells, and mono-

cytes [24], resulting in a predictable dose response,
which obviates the need for laboratory monitor-
ing, even when used in full (therapeutic) dosing.

The longer plasma half-life of LMWHs compared
with UFH allows these drugs to be dosed subcuta-
neously once or twice daily. LMWHs do not bind
platelets as readily as UFH and may carry a lower

risk of heparin-induced thrombocytopenia than
UFH. Because of their smaller size, LMWHs
tend preferentially to inhibit factor Xa, whereas

UFH tends to inhibit both factors Xa and IIa
equally [24].

LMWHs have also been evaluated in two large

placebo-controlled clinical trials for the preven-
tion of VTE in medical patients. In the first trial,
called MEDENOX, almost half the patients were

older than 75 years (mean age, approximately 73
years). Enoxaparin, 40 mg SC once daily, de-
creased the rates of VTE by two thirds from 15%
to 5% (P ¼ .0002) without any increased rate of

bleeding or thrombocytopenia compared with pla-
cebo [28]. In the second trial (the PREVENT
trial), dalteparin, 5000 U, decreased the rate of

VTE as detected by compression ultrasound
from 5% in the placebo group to 2.8%, a relative
risk reduction of 45% (P ¼ .0015). Approximately

one third of the patients were over the age of
75 (mean age, approximately 68 years). Despite
the higher drug-acquisition costs of LMWH,
they may be more cost-effective than UFH for
prophylaxis in medical patients because of lower
complication rates [29].

Unfractionated heparin versus
low-molecular-weight heparin

UFH has been compared with LMWH in six

randomized-controlled trials [30–35]. In four out of
these six trials the rates ofDVTwere similar in both
groups, but two trials suggested that enoxaparin,
40 mg SC once daily, may be more efficacious

than UFH, 5000 U SC every 8 hours [30,33].
Both studies used venography to detect DVT.
However, in aggregate, data suggest that LMWH

andUFHhave similar efficacy in terms of VTEpre-
vention and bleeding complications [36].

New anticoagulants

Fondaparinux is a synthetic analogue of the
unique pentasaccharide sequence that mediates
the interaction of factor X with antithrombin.

It inhibits both free and platelet-bound factor Xa.
It binds antithrombin with high affinity, has close
to 100% bioavailability, and has a plasma half-life

of 17 hours that permits once-daily administra-
tion. The drug is excreted unchanged in the urine
and is contraindicated in patients with severe
renal impairment (ie, creatinine clearance !30

mL/min). It does not bind platelet factor 4 in vitro
and should not cause heparin-induced thrombo-
cytopenia. Fondaparinux has been evaluated in

medical patients in a randomized-controlled trial
called ARTEMIS. In addition, there was a sig-
nificant reduction in symptomatic VTE with

fondaparinux (P ¼ 0.029), and there were non-
significant trends favoring fondaparinux with re-
gard to fatal pulmonary embolism and all-cause
mortality [36].
Prophylaxis in surgical patients

In addition to early postoperative ambulation,
the authors and others recommend pharmacologic
thromboprophylaxis for all but the most minor

surgical procedures (eg, cataract surgery, tooth
extractions, and other minor outpatient proce-
dures) in the elderly. The choice of prophylaxis,

however, remains a subject of continued contro-
versy [37]. Mechanical prophylactic measures
include graded compression stockings, intermit-

tent pneumatic compression devices, venous foot
pumps, and even inferior vena cava filters.
Pharmacologic options include parenteral
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anticoagulants (heparin products and newer
antithrombotic agents, such as fondaparinux),
and oral anticoagulants (VKAs, aspirin, and
oral direct thrombin inhibitors).
Noninvasive mechanical measures

Mechanical options for VTE prevention
(graded compression stockings, intermittent pneu-

matic compression, and venous foot pumps) are
appealing in that they pose no risk of bleeding.
This appeal is greatest in surgical patients (as

opposed to medical patients), in whom bleeding
risk may be substantial. Furthermore, systematic
reviews demonstrate that mechanical devices, in-

cluding intermittent pneumatic compression and
graded compression stockings, have efficacy in the
prevention of VTE in postoperative patients
(general surgery and orthopedic surgery) [37–39],

although this finding has not been reproduced in
medical patients except with graded compression
stockings [40]. Venous foot pumps have been

studied to a lesser extent, with mixed findings
[41,42]. Finally, dual prophylaxis with pneumatic
compression devices plus pharmacologic prophy-

laxis seems to be better than pharmacologic
prophylaxis alone [40,43]. The authors’ experi-
ence, however, suggests that mechanical devices

are often not used optimally: patients and nursing
staff may disconnect the devices for comfort, or
when the patient goes for diagnostic tests or uses
the rest room. The authors question whether

mechanical devices in real-world practice have
the same efficacy that has been seen in clinical
trials. Furthermore, even short periods of limited

mobility may lead to delayed recuperation in the
elderly, and pneumatic compression devices may
discourage ambulation. In contrast, pharmaco-

logic treatments have proven to be highly effec-
tive, and compliance with treatment can be
readily verified by reviewing medication adminis-

tration records. Pharmacologic VTE prophylaxis
does not limit patient mobility. Given these issues,
the authors and others advocate the use of phar-
macologic prophylactic measures for most pa-

tients, especially the elderly, with or without
concurrent use of mechanical devices while the
patient is confined to bed [12]. The authors recog-

nize, however, that aggressive mechanical prophy-
lactic measures may be the only suitable option
for patients at high risk for bleeding, such as those

with recent hemorrhage and those who have un-
dergone surgical procedures associated with an
unusually high risk for bleeding complications.
They also recommend ambulation as early as
possible after surgery or a medical illness. This is
especially important in the elderly, not only to
prevent VTE, but also to prevent other complica-

tions of immobility, such as decubitus ulcers and
loss of functional ability.
Pharmacologic prophylaxis

Aspirin has been evaluated in trials involving
various types of surgical patients. In patients with
hip fracture, when it was added to routine pro-

phylaxis in the Pulmonary Embolism Prevention
Trial it did show a 58% relative risk reduction in
PE compared with placebo (P ¼ .002) [44]. When

used by itself for prophylaxis, however, it has lower
efficacy than LMWH [45]. The authors and others
do not recommend aspirin for VTE prophylaxis
[12]. They do, however, recommend it for preven-

tion of vascular events in the elderly who either
have established atherosclerotic disease or are at
risk for developing it, provided that there are no

contraindications (eg, active peptic ulcer disease).
UFH has been studied extensively in random-

ized-controlled trials in general surgery patients.

Most trials evaluatedUFH, 5000U SCdosed 1 to 2
hours before surgery, and then UFH, 5000 U SC
two or three times a day until patients were either

ambulating or discharged from the hospital. In
a meta-analysis of 46 randomized-controlled trials,
UFH decreased the rate of DVT from 22% to 9%
(odds ratio, 0.3); symptomatic and fatal PE from

2% to 1.3% and 0.8% to 0.3%, respectively (odds
ratio, 0.45); and overall mortality 4.2% to 3.2%
(odds ratio, 0.8) [46].Major bleeding increased a lit-

tle from 3.8% to 5.9% with UFH (odds ratio, 1.6).
The meta-analysis also concluded that UFH three
times a day was more efficacious than UFH twice

a day without increasing bleeding, but this was
based on an indirect comparison [46].

LMWH has also been studied in multiple

trials, and has been compared with both placebo
and UFH in general surgery patients. Multiple
meta-analyses have also been done to evaluate the
relative efficacy of UFH versus LMWH, and in

general there is little difference in efficacy. One
meta-analysis [13] concluded that there was a de-
creased rate of clinical VTE with LWMH follow-

ing surgery. This meta-analysis concluded that
LMWHdoseof!3400 IUdaily has comparable ef-
ficacy with UFH with less bleeding, whereas doses

O3400 IU per day yielded slightly better efficacy
but slightly higher bleeding rates [12,13]. In the

elderly, given their higher VTE risk, the authors
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prefer more aggressive prophylaxis and doses
equivalent to O3400 IU/d of LMWH (options in
the United States include enoxaparin, 40 mg SC,

or dalteparin, 5000 IU SC once daily). The authors
also prefer LMWHbecause of its once-daily dosing
and other advantages outlined previously.

In orthopedic patients, LMWH is preferred

over UFH mainly because of its improved efficacy
and comparable risk of bleeding complications
[47–50]. The most commonly prescribed anticoag-

ulant in the United States for prevention of VTE
after major joint replacement, however, is the
VKA warfarin [51].

VKAs, such as oral warfarin, have been used
and studied extensively following orthopedic
surgery, but are not generally used following
general surgery. Warfarin is a coumarin derivative

that exerts its anticoagulant effects by limiting
hepatic production of the biologically active
vitamin K–dependent clotting factors (factors II,

VII, IX, X). Additionally, warfarin interferes with
the production of the anticoagulant proteins C
and S and can potentially exert a transient pro-

coagulant effect following initiation of treatment.
In addition, it takes approximately 96 hours to
decrease the levels of factor IIa enough to provide

a clinical anticoagulant effect, even though de-
pletion of the short-lived factors VII and IX can
increase the international normalized ratio in less
than 24 hours. The long half-life of warfarin

allows surgical hemostasis to develop, and its
oral dosing allows it to be continued on discharge.
Overall, the VKAs are more effective than placebo

or no treatment in reducing DVT in patients with
joint replacement (relative risk ¼ 0.56; P!.01)
[52]. These results were obtained at the cost of

a higher rate of wound hematoma (relative risk
¼ 2.9; P ¼ .03) [52]. VKAs also seem to bemore ef-
fective than intermittent pneumatic compression
(relative risk ¼ 0.46; P ¼ .009) in preventing proxi-

mal DVT [52]. In contrast, VKAs were less effective
thanLMWHinpreventing totalDVTand proximal
DVT (relative risk¼ 1.51; P ! .001). There was no

significant difference between VKA and LMWH
with regards to major hemorrhage [52]. These
results suggest that in patients undergoingmajor or-

thopedic surgery, VKAs are a little less effective
than LMWH, without any significant difference in
the bleeding risk except for wound hematomas.

Warfarin remains a popular choice among orthope-
dic surgeons largely based on this reduction in
wound hematomas.

It is important to understand the difference in

the temporal patterns of clinically symptomatic
thromboembolic complications after total hip and
total knee arthroplasty, which occur early (me-
dian time of diagnosis of VTE is postoperative

day 7) after total knee arthroplasty and (median
time to diagnosis of VTE is postoperative day 17)
after total hip arthroplasty [53]. This suggests that
to reduce thromboembolic outcomes further,

earlier more intense prophylaxis may be needed
for total knee arthroplasty, and more prolonged
prophylaxis may be required after total hip

arthroplasty. In a case-control study of patients
undergoing major joint replacement, warfarin
monotherapy initiated postoperatively was

strongly associated with early VTE (within the
first 5 postoperative days) compared with enoxa-
parin, 30 mg SC every 12 hours started postoper-
ative day 1 (odds ratio, 11; P!.0001) [54]. Even

though the ACCP gives warfarin a grade 1A rec-
ommendation for prevention of VTE after ortho-
pedic surgery, it is the authors’ preference to avoid

warfarin monotherapy as VTE prophylaxis after
major surgery, especially because the patient is
unprotected from thrombosis during the first few

days of treatment. In addition, cost-effective
analyses [55–57] suggest that enoxaparin is more
cost-effective than warfarin for VTE prophylaxis

after major joint replacement.
New anticoagulants

Fondaparinux has been studied in four ran-
domized clinical trials involving major knee and

hip fracture surgery. A meta-analysis [58] pooled
results from these four multicenter, randomized,
double-blind trials (N ¼ 7344 and mean age

O65 years) and showed that fondaparinux, SC
2.5 mg once daily starting 6 hours after surgery,
was more effective but with more bleeding com-

pared with approved enoxaparin regimens in pre-
venting VTE. The primary efficacy outcome was
VTE up to day 11, defined as DVT detected by

mandatory bilateral venography or documented
symptomatic DVT or PE. The primary safety out-
come was major bleeding. Fondaparinux signifi-
cantly reduced the incidence of VTE by day 11

(182 [6.8%] of 2682 patients) compared with enox-
aparin (371 [13.7%] of 2703 patients), with a com-
mon odds reduction of 55.2% (P!.001); this

beneficial effect was consistent across all types of
major orthopedic surgery and all subgroups.
Althoughmajor bleeding occurredmore frequently

in the fondaparinux-treated group (P ¼ .008), the
incidence of bleeding resulting in death or re-oper-
ation did not differ significantly between groups.
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Hip fractures occur predominantly in the
elderly and surgery for hip fractures puts patients
at high risk for VTE. Of the ACCP recommended
agents (fondaparinux, warfarin, LMWH, and

low-dose UFH), fondaparinux carries the highest
recommendation (1A) and is the only agent that is
FDA-approved for VTE prevention after hip

fracture surgery. In the PENTHIFRA trial [59]
where the mean age of the patients was 77 � 12,
the relative risk reduction compared with enoxa-

parin, 40 mg SC once daily, was over 50%. The
PENTIHIFRA-PLUS trial, which evaluated
extended prophylaxis by prolonging prophylaxis

for up to 31 days postoperatively, demonstrated
a remarkable reduction in VTE relative to nonex-
tended treatment from 35% (77 of 220) to 1.4% (3
of 208), with a relative reduction in risk of 95.9%

(95% confidence interval, 87.2%–99.7%;
P!.001). Similarly, the incidence of symptomatic
VTE was significantly lower with fondaparinux

(1 of 326; 0.3%) than with placebo (9 of 330;
2.7%). The relative reduction in risk was 88.8%
(P ¼ .02). There was a trend towards more major

bleeding in the fondaparinux group: 2.4% versus
0.6%, P ¼ 0.06) [60].

Fondaparinux also has demonstrated efficacy

in general surgery patients. The Pentasaccharide
in General Surgery Study compared fondaparinux
with LMWH in 2927 patients undergoing major
abdominal surgery (mean age O65). The rates of

VTE in the fondaparinux and dalteparin groups
were 4.6% and 6.1%, respectively (P ¼ 0.14). Ma-
jor bleeding rates were not significantly different

at 3.4% and 2.4%, respectively (P ¼ NS). For
those patients who underwent abdominal cancer
surgery (approximately 70% of the overall sam-

ple), VTE incidence was significantly lower in fon-
daparinux recipients compared with dalteparin
recipients (4.7% versus 7.7%, P ¼ .02).

The clinical studies using fondaparinux dem-

onstrated that selective inhibition of factor Xa is
a highly effective approach to the prevention and
treatment of venous thromboembolism. This gave

further impetus to developing oral direct factor
Xa inhibitors for the prevention of VTE. It
should, however, be noted that these agents

inhibit factor Xa within the assembled pro-
thrombinase complex as well as free factor Xa,
while fondaparinux is only able to inhibit the pool

of free factor Xa in the blood. The oral direct
factor Xa inhibitors that are in clinical develop-
ment include rivaroxaban (BAY 59-7939), apix-
aban (BMS), YM150 (Astellas), DU-176b

(Daiichi), LY517717 (Lilly), and PRT054021
(Portola). Rivaroxaban (Bay 59-7939) is a non-
peptidic, orally bioavailable, small molecule that
directly inhibits factor Xa. It has a rapid onset of
action and a half-life of 5–9 hours. Two phase III

trials with rivaroxaban have suggested that it may
be more effective than enoxaparin in preventing
venous thromboembolism (VTE) in patients

undergoing major orthopedic surgery. The
RECORD-1 and RECORD-2 studies were pre-
sented at the American Society of Hematology

annual meeting in December, 2007. In both
studies, rivaroxaban reduced VTE events to
a significantly greater extent than enoxaparin.

Bleeding rates were similar between the two drugs.
The RECORD-1 and RECORD-2 data comple-
ment data from a third study, RECORD-3, which
was reported earlier this year and showed similar

results. Additionally new oral direct thrombin
inhibitorsdin the same class as ximelagatrand
are in development.

Ximelagatran is an oral direct thrombin in-
hibitor. It is a prodrug that is rapidly hydrolyzed
to melagatran, the active drug that binds throm-

bin. It is given twice daily in fixed doses. It does
not have drug and food interactions like warfarin
and is renally cleared. The drug has been shown in

phase III trials to be affective for treatment and
prevention of a range of venous and arterial
thromboembolic disorders [61], and has been
shown in orthopedic surgery studies to have com-

parable safety and efficacy to LMWH when used
prophylactically [62–66]. Ximelagatran would
have been the first new oral anticoagulant since

the introduction of warfarin almost 60 years
ago; however, for concerns of hepatotoxicity, the
FDA rejected it in 2004. We remain optimistic

that new drugs in this class, such as dabigatran be-
come available in the United States, offering fixed-
dose oral anticoagulation options for VTE
prevention.

Dabigatran etexilate is an oral prodrug that is
converted to dabigatran, an oral thrombin in-
hibitor that has a plasma half-life of 14-17 hours,

allowing for once-daily dosing, and is eliminated
via the kidneys. The bioavailability of dabiga-
tran etexilate following oral administration is

only w4-5%. The efficacy and safety of dabiga-
tran etexilate has been evaluated in phase II
studies in patients undergoing total hip and knee

replacement. The RE-MOBILIZE (2600 patients)
and RE-MODEL (2000 patients) trials were
DVT prophylaxis trials following total knee re-
placement, while the RE-NOVATE trial (3415

patients) was carried out in patients undergoing
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total hip replacement. The trials were powered
for noninferiority and compared to enoxaparin.
The results were recently presented at the In-

ternational thrombosis and Hemostasis (ISTH)
meeting. The RE-NOVATE trial [67] demon-
strated that oral dabigatran etexilate once daily,
administered for an average of 33 days, was as

effective as enoxaparin, also administered for an
average of 33 days, in preventing venous throm-
boembolism (VTE) and all-cause mortality after

total hip replacement surgery. For the primary
efficacy endpoint of total VTE and death from
all-causes, results were similar between all

groups, occurring in 8.6%, 6.0%, and 6.7% of
patients assigned to 150 mg or 220 mg dabiga-
tran etexilate once daily or 40 mg enoxaparin
once daily, respectively. Safety was evaluated

for 3463 patients receiving study treatment and
no significant difference in major bleeding rates
was observed between the groups (1.3%, 2.0%,

and 1.6% respectively). The incidence of liver en-
zyme elevations and acute coronary events dur-
ing the treatment or during the follow-up

period did not differ significantly between the
groups. There was a low rate of bleeding associ-
ated with dabigatran etexilate with major bleed-

ing rates comparable to enoxaparin. Also
presented at ISTH was a pre-specified pooled
analysis of major VTE and VTE related death af-
ter major orthopaedic surgery across more than

8000 randomized patients that were included in
the phase III primary VTE prevention pro-
gramme (RE-MODELTM, RE-MOBILIZETM

and RE-NOVATE studies). The pooled analysis
concluded that dabigatran etexilate was effica-
cious and comparable to enoxaparin in the pre-

vention of major VTE and VTE related
mortality after both knee and hip replacement.
Major VTE rates for both doses of dabigatran
etexilate were similar to enoxaparin – major

VTE and VTE related death occurred in 3.8%,
of the 150 mg dabigatran etexilate group and
3.0% of the 220 mg dabigatran etexilate group

versus 3.3% of the enoxaparin group. Major
bleeding events were infrequent, and were similar
across all treatment groups (1.1%, 1.4% and

1.4% respectively). As part of the safety analysis,
patients were frequently monitored for liver en-
zyme elevations. Those patients with elevations

O 3 � ULN were infrequent and comparable
across all treatment groups. In addition, treat-
ment emergent acute coronary syndromes
(ACS) events were infrequent and comparable

across treatment groups [68].
Timing of prophylaxis in surgical patients

The optimal timing of pharmacologic prophy-
laxis remains controversial. In Europe, the prac-

tice pattern is to initiate LMWH prophylaxis
about 10–12 hours before joint replacement sur-
gery, whereas in the United States the LMWH is
usually initiated about 12 to 24 hours after

surgery. A systematic review that compared
LMWH with VKA observed large risk reduction
when the LMWH was dosed at half of the usual

dose 2 hours before the procedure or 6 to 8 hours
after the surgery. In the studies in which LMWH
was started 12 to 24 hours before or after surgery,

however, this efficacy advantage was not ob-
served. In addition, starting LMWH close to the
time of surgery was also associated with an
increased risk of major bleeding [69]. Overall, it

seems that early initiation of LMWH prophylaxis
may increase efficacy at the expense of bleeding
risk.
Special considerations with neuroaxial anesthesia

Neuroaxial anesthesia when used concomi-

tantly with anticoagulation increases the risk of
epidural hematomas and subsequent spinal cord
injury. Detailed guidelines for the use of anti-

coagulation in the presence of neuroaxial block-
ade have been developed by the American Society
of Regional Anesthesia and Pain medicine [70].

Specific recommendations include waiting 24
hours after a full dose of LMWH, 12 hours after
a prophylactic dose of LMWH, and at least 2

hours after removal of the epidural catheter to
dose LMWH.
Special considerations in the elderly

Elderly patients are at higher risk than younger
patients for bleeding complications during inpa-

tient and outpatient anticoagulant treatment, and
may have concomitant conditions that place them
at risk for bleeding complications, such as di-
abetes, renal impairment, and cardiovascular

disease [71–74]. This should in no way preclude
the use of aggressive pharmacologic VTE pro-
phylaxis in elderly persons. To the contrary, the

authors advocate careful but aggressive pharma-
cologic VTE prophylaxis in the elderly based on
their particularly high risk for VTE.

Special emphasis must be placed on the
patient’s creatinine clearance and age because
both of these affect the drug elimination and
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pharmacokinetics of anticoagulants, such as
fondaparinux and LMWH. This means avoiding
fixed-dose fondaparinux in patients with creati-
nine clearances !30 mL/min, creatinine O2 mg/

dL, and in patients weighing less than 50 kg
because patients with these characteristics were
excluded from the fondaparinux VTE prevention

trials. Prophylactic doses of LMWH can be used
in patients with creatinine clearances of !30 mL/
min but the enoxaparin dose should be reduced

to 30 mg SC daily. Dalteparin does not require
dose adjustment in patients with renal insuffi-
ciency based on current recommendations. Cau-

tion is also advised when using fixed-dose
LMWH in frail elderly patients weighing less
than 45 kg.

Although the elderly have higher bleeding risk

when treated with anticoagulants, they also are at
much higher risk for VTE. Furthermore, if VTE
occurs, the intensity of anticoagulation is much

higher than that used for prophylaxis, and the
elderly are at particularly high risk for bleeding
with full-dose anticoagulants. The authors suggest

that pharmacologic VTE prophylaxis be used in
all hospitalized elderly patients and that only
active bleeding, coagulopathy, or an indwelling

epidural catheter should prevent its use, or
planned invasive procedure justify its temporary
discontinuation.
Inferior vena cava filters

The only purpose of inferior vena cava filters is
to prevent thrombi in the leg veins from migrating

to the pulmonary circulation. They do not prevent
the formation of DVT, and may precipitate lower-
extremity thrombosis by impairing venous return

from the legs [75]. Furthermore, placement of
filters is invasive and requires exposure to intrave-
nous contrast, which may be risky in patients with

chronic renal impairment. Finally, there is limited
evidence to support the notion that using filters in
conjunction with anticoagulation improves clini-
cal outcomes over anticoagulation alone [76],

and there may be substantial periprocedural mor-
tality [77]. One population-based study suggested
that elderly patients who receive inferior vena

cava filters have a particularly high mortality:
16% during hospitalization and 48% at 2 years
[78], suggesting that requiring an inferior vena

cava filter is a poor prognostic sign in the elderly.
Given limited data supporting their use, the
authors do not recommend prophylactic
placement of inferior vena cava filters except
when full-dose anticoagulation is contraindicated
(eg, major hemorrhage, major surgery planned,
and recent neurosurgery). If contraindications to

anticoagulation are expected to be transient (eg,
trauma patients), retrievable filters may be appro-
priate [79]; however, retrieval of the filter subjects

the patient to a second invasive procedure, and
the devices themselves are expensive.
Duration of prophylaxis

The risk of VTE does not end when the patient

is discharged from the hospital. Patients remain at
substantial risk for VTE for a few weeks following
discharge, and small thrombi that developed while
the patient was hospitalized (but remained sub-

clinical) may propagate if anticoagulation is
terminated at the time of hospital discharge.
Despite the intuitive appeal of continuing anti-

coagulation following hospital discharge, this
practice is rarely used except during inpatient
rehabilitation, and occasionally in the outpatient

setting following orthopedic surgery. With few
exceptions, there is a lack of demonstrated safety
and efficacy of this practice, and there are

practical concerns surrounding the implementa-
tion of extended VTE prophylaxis following
hospital discharge. Specifically, outpatient hepa-
rin or LMWH injections may not always be

welcomed by patients and caregivers because of
out-of-pocket expenses, especially for those
without insurance coverage for prescriptions.

Medical patients

The safety and efficacy of postdischarge pro-
phylaxis in medical patients has not yet been

defined. To begin to fill this gap, the Extended
Clinical Prophylaxis in Acutely Ill Medical Pa-
tients (EXCLAIM) trial was conducted to com-
pare extended-duration LMWH prophylaxis with

a standard LMWH prophylaxis regimen in
acutely ill medical patients using a prospective,
multicenter, randomized, double-blind, placebo-

controlled design [80]. Patients were eligible for
enrollment if they were aged 40 years or older
and had recent immobilization ( 3 days), a prede-

fined acute medical illness, and either level 1
mobility (total bed rest or sedentary state) or level
2 mobility (level 1 with bathroom privileges). The

predefined acute medical illnesses consisted of
New York Heart Association class III/IV heart
failure, acute respiratory insufficiency, or other
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acute medical conditions, including post-acute
ischemic stroke, acute infection without septic
shock, and active cancer. All patients received

open-label enoxaparin 40 mg subcutaneously
once daily for 10 � 4 days, after which they
were randomized to either enoxaparin 40 mg sub-
cutaneously once daily or placebo for an addi-

tional 28 � 4 days.
The primary efficacy end point was the in-

cidence of VTE events, defined as asymptomatic

DVT documented by mandatory ultrasonography
at the end of the double-blind treatment period
(28 � 4 days) or as symptomatic DVT, symptom-

atic PE, or fatal PE at any time during the double-
blind period. Symptomatic DVT was confirmed
by objective tests; PE was confirmed by ventila-
tion-perfusion scan, computed tomography, angi-

ography, or autopsy. Secondary efficacy end
points were mortality at the end of the double-
blind period, at 3 months, and at 6 months, as

well as the incidence of VTE at 3 months. The
primary safety outcome measure was the inci-
dence of major hemorrhage during the double-

blind period; secondary safety measures were
rates of major and minor hemorrhage, minor
hemorrhage, HIT, and serious adverse events.

After approximately half of the patients were
enrolled, a planned and blinded interim analysis
for futility concluded that the study was unlikely
to show a statistically significant advantage of

enoxaparin over placebo. The trial’s steering
committee followed the suggestion of its data
safety monitoring board to redefine the inclusion

criteria to refocus enrollment on patients with
a high risk of VTE. A blinded analysis was
performed to identify this subgroup. The resulting

amended inclusion criteria were the same as above
except that level 2 mobility had to be accompa-
nied by at least one of three additional highrisk
criteria: (1) age greater than 75 years, (2) history

of VTE, or (3) diagnosis of cancer.
The trial’s main exclusion criteria were evi-

dence of active bleeding, a contraindication to

anticoagulation, receipt of prophylactic LMWH
or UFH more than 72 hours prior to enrollment,
treatment with an oral anticoagulant within 72

hours of enrollment, major surgery within the
prior 3 months, cerebral stroke with bleeding,
and persistent renal failure (creatinine clearance

! 30 mL/min). The amended study population
included 5,105 patients, 5,049 of whom received
open-label enoxaparin. Of this group, 2,013 were
randomized to active extended prophylaxis with

enoxparain and 2,027 to placebo. Baseline
characteristics, including level of mobility, were
similar between the two groups. VTE events
occurred at a statistically significantly higher

rate in the placebo arm than in the extended-
duration enoxaparin arm, as did asymptomatic
proximal DVT and symptomatic VTE. The effi-
cacy of extended prophylaxis with enoxaparin was

enduring, as the cumulative incidence of VTE
events at day 90 was significantly lower in
enoxaparin recipients than in placebo recipients

(3.0% vs 5.2%; relative reduction of 42%;
P ¼ .0115). There was no difference in all-cause
mortality at 6 months between the enoxaparin

and placebo groups (10.1% vs 8.9%, respectively;
P ¼ .179). Major hemorrhage was significantly
more frequent in the enoxaparin arm, occurring
in 0.60% of enoxaparin recipients compared

with 0.15% of placebo recipients (P ¼ .019). Mi-
nor bleeding was also more common with enoxa-
parin (5.20% vs 3.70%; P ¼ .024). Therefore, it is

reasonable to consider extended prophylaxis for
hospitalized medical patients after identifying
these patients’ risk factors. In keeping with the tri-

al’s amended inclusion criteria, patients older than
age 75 and those with cancer or prior VTE should
receive special consideration for extended prophy-

laxis. If a patient is discharged to a rehabilitation
facility, the authors recommend continuation of
prophylaxis until discharge from this facility.
For patients who are discharged to nursing homes

(and will remain in a facility indefinitely), it is not
recommended to continue VTE prophylaxis be-
yond the first 2 weeks of institutionalization un-

less patients meet the criteria outlined above in
the Exclaim trial.
Surgical patients

Following hip arthroplasty, extended prophy-
laxis with oral VKA for 4 weeks following
hospital discharge substantially reduces the risk

of VTE with low bleeding risk [81]. Evidence also
supports extended prophylaxis with LMWH fol-
lowing hip arthroplasty and hip fracture for 4 to
5 weeks [60,82]. There is no proven benefit,

however, of extended VTE prophylaxis following
knee replacement [82–85]. Postdischarge prophy-
laxis following other types of surgery has not

been well studied except after abdominopelvic
cancer surgery. The evidence suggests that pa-
tients with cancer undergoing major pelvic or ab-

dominal surgery should receive extended
prophylaxis with a LMWH for up to 28 days post-
operatively; extended prophylaxis may reduce the
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risk of postoperative thrombosis by 60% com-
pared with standard prophylaxis that is stopped
after 6 to 10 days of treatment, with acceptable
bleeding risk [84].

The authors recommend continuation of pro-
phylactic anticoagulants until hospital discharge
for surgeries other than hip replacement and

abdominopelvic cancer surgery. If individual
medical or surgical patients have significant risk
factors, such as previous VTE, morbid obesity,

cancer, and an acute medical illness, however, and
the patient is being discharged to a rehabilitation
facility, the authors recommend continuation of

VTE prophylaxis throughout the rehabilitation
stay.
Summary

Elderly patients who are immobilized because

of an acute medical illness or surgery have a very
high risk of developing VTE. Aggressive pharma-
cologic prophylaxis is necessary and should be

initiated either at admission for a medical condi-
tion or shortly after surgery. Aggressive prophy-
laxis may result in fewer patients developing VTE

in the hospital and ultimately lead to fewer
patients requiring full-dose anticoagulation for
VTE. Mechanical prophylaxis can be used as an
adjunct to an anticoagulant-based regimen but

should only be used as primary prophylaxis when
there is a contraindication to pharmacologic pro-
phylaxis, such as active bleeding. Recommenda-

tions regarding type and duration of prophylaxis
for the various conditions are summarized in
Table 1. Finally, the authors recommend the clini-

cian carefully evaluate the elderly patient’s creati-
nine clearance and weight before prescribing
anticoagulants, particularly when using fixed
dosing regimens.
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Venous thromboembolism (VTE), consisting of
deep vein thrombosis (DVT) and pulmonary em-
bolism (PE), is a potentially fatal disease with an
estimated annual incidence of 0.1% in white

populations [1]. The initial aim of treatment of
VTE is safely to prevent thrombus extension and
new or recurrent PE. Long-term goals are a reduc-

tion in the incidence of chronic sequelae including
the postthrombotic syndrome, chronic thrombo-
embolic pulmonary hypertension, and recurrent

VTE. Anticoagulants have played a central role in
therapy for VTE since the seminal trial by Barritt
and Jordan [2] in which 35 patients with clinically
diagnosed PE were randomized to either intrave-

nous (IV) unfractionated heparin (UFH) therapy
or no anticoagulant treatment. Death occurred in
25%of patientswho received no treatmentwith an-

other 25% experiencing nonfatal recurrent PE,
whereas no deaths occurred in the patients receiv-
ing heparin. Although this study can be criticized

because some patients with clinically diagnosed
PE probably did not have the disease, it is likely
that this would result in an underestimate of the

true risk reduction associated with UFH therapy.
VTE is a significant health issue in the elderly

because the population incidence increases expo-
nentially with age in both men and women [3–6],

from a figure of !5 per 100,000 per year in chil-
dren !15 years of age to 450 to 600 per 100,000
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per year in individuals over the age of 80 [1]. As
in younger patients, VTE in elderly patients is of-
ten associated with the presence of one or more
well-defined risk factors at the time of diagnosis

[7,8]. Increased age seems to be a strong predictor
of VTE in acutely ill medical patients [9], with one
study reporting the prevalence of asymptomatic

DVT in medical patients aged O80 years to be
18% at admission compared with 3% in patients
aged 55 to 69 years [10].

Treatment of the elderly patient with VTE is
complicated by an age-associated increase in the
risk of bleeding, the frequent coexistence of other
diseases, and the exclusion of older patients from

trials examining anticoagulant efficacy and safety.
These factorsmay result in a tendency to treat older
patients with inadequate anticoagulant therapy.

An increased case-fatality rate ofVTE in the elderly
emphasizes the need for particularly careful ther-
apy in this subgroup of patients, however, except in

the presence of a clear contraindication [3,4]. This
article reviews the initial and long-term treatment
of VTE, and emphasizes the available data on the

efficacy and safety of anticoagulant therapy in the
elderly patient. Treatment of uncomplicated PE
or DVT is similar, with one condition often silently
present when the other clinically manifests [11–14],

and the discussion covers themanagement of either
condition except where specified.
Initiation of anticoagulant therapy

Anticoagulant therapy is the standard of care

in patients with VTE, and has been shown to
ts reserved.
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reduce extension and recurrence of symptomatic
proximal (involving the popliteal or more proxi-
mal veins) and calf DVT [15,16], and reduce

mortality in patients with PE [2]. Coumarin deriv-
atives (eg, warfarin) are usually the drugs of
choice for long-term anticoagulant therapy, but
such drugs have a delayed onset of anticoagulant

effect. Initial short-term anticoagulant therapy
with alternative drugs is necessary in patients
with acute VTE, and failure to do so results in

a threefold increase in the rate of recurrent VTE
[17]. Initial inpatient treatment with IV UFH is
being replaced by outpatient therapy with low-

molecular-weight heparin (LMWH) as the most
commonly used initial anticoagulant regime. The
impact of increased age on dosage, efficacy, and
safety of both treatment options is discussed.
Table 1

Weight-based IV unfractionated heparin nomogram

aPTT resulta Dose adjustment
Initial treatment with unfractionated heparin

UFH is a sulfated glycosaminoglycan that
exerts its anticoagulant effect predominantly by

binding to antithrombin, inducing a conforma-
tional change that accelerates the rate at which
antithrombin inhibits coagulation enzymes [18].

UFH consists of a heterogeneous group of mole-
cules ranging in molecular weight from 3000 to
30,000 d, and only one third of UFH molecules

contain the unique pentasaccharide sequence
required for binding to antithrombin. This molec-
ular heterogeneity, along with variable charge-
related nonspecific binding of UFH to other

plasma proteins, such as von Willebrand’s factor
and platelet factor 4, contributes to the large
variability in the anticoagulant response to UFH

in individual patients [18].
Initial dose 80 U/kg bolus, then infusion 18 U/kg/h

!35 seconds 80 U/kg bolus, then increase

infusion by 4 U/kg/h

35–45 seconds 40 U/kg bolus, then increase

infusion by 2 U/kg/h

46–70 seconds No change

71–90 seconds Decrease infusion rate by

2 U/kg/h

O90 seconds Hold infusion 1 h, then decrease

rate by 3 U/kg/h

aPTT should be checked 6 hours after commencing

heparin or a change in infusion rate.
a aPTT, activated partial thromboplastin time.

Adapted from Raschke RA, Reilly BM, Guidry JR,

et al. The weight-based heparin dosing nomogram com-

pared with a ‘‘standard care’’ nomogram: a randomized

controlled trial. Ann Intern Med 1993;119:874–81; with

permission.
Route of administration, dosage, and monitoring

UFH is usually administered by continuous IV

infusion, a route that has been shown to be
effective in reducing thrombus recurrence and
extension [15]. Because of reduced bioavailability,
larger doses of subcutaneous (SC) UFH are

required in comparison with IV UFH for thera-
peutic anticoagulation to be achieved, and when
given in adequate doses, SC UFH is likely to be

at least as effective and safe as IV UFH for treat-
ment of acute DVT [19]. Adequate trials to assess
the efficacy of SC UFH for treatment of PE have

not been performed.
A minimum threshold dose of UFH is proba-

bly required for optimal therapeutic efficacy [15].
Individuals vary in anticoagulant response to
UFH, and it is standard practice to monitor
UFH therapy by measurement of the activated

partial thromboplastin time (aPTT). In a study
published in 1972, an aPTT result within the
therapeutic range of 1.5 to 2.5 times the control
value (corresponding at the time to a UFH level

of 0.3–0.7 anti–factor Xa IU/mL) was associated
with a reduced risk of recurrent VTE [20], and
this therapeutic range has been subsequently

widely adopted. Over the years, with changes in
the reagents and coagulometers used to determine
the aPTT, it has become clear that there is wide

variation in the relationship between aPTT results
and plasma heparin levels among different labora-
tories [21]. Because plasma heparin levels, rather
than aPTT, are the more accurate measures of

the biologic effect of UFH therapy [22–24], it is
recommended that individual institutions estab-
lish their own therapeutic aPTT range that corre-

lates with a therapeutic heparin level of 0.3 to 0.7
IU/mL anti–factor Xa activity [18].

An initial bolus dose of UFH followed by

a constant IV infusion is standard practice when
treating people for acute VTE. Physician-directed
UFH dosing often results in inadequate therapy.

In the general adult population, use of a validated
nomogram using either fixed initial dosing or
dosing according to patient weight (Table 1) is
recommended [22,25]. The use of a nomogram

results in more rapid achievement of therapeutic
aPTT levels and improves outcome, although
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adjustment according to the sensitivity of local
aPTT methods is required [22]. The initial aPTT
level should be measured 6 hours after commenc-
ing therapy. Up to 25% of patients with acute

VTE have heparin resistance, arbitrarily defined
as a requirement of O35,000 U of UFH per day
to achieve a therapeutic aPTT [24]. In a random-

ized trial enrolling 131 patients with heparin resis-
tance, monitoring UFH therapy using anti–factor
Xa levels (target range, 0.35–0.67 IU/mL) was as

effective and safe as aPTT monitoring and
resulted in a lower mean daily dose of UFH
[24]. Anti–factor Xa monitoring is recommended

in patients with heparin resistance.
Efficacy and safety of unfractionated heparin
in the elderly

Overall, approximately 5% of patients with

acute VTE treated with IV UFH develop re-
current VTE during the initial period of treatment
[18]. Initial treatment with 5 days is as effective as

10 days of IV UFH, both followed by oral antico-
agulant therapy, in preventing recurrent VTE
[26]. Retrospective subgroup analysis of cohort

studies suggested that patients who fail to achieve
a therapeutic aPTT in the first 24 hours of treat-
ment have a dramatic increase in the risk of recur-

rent VTE [27]. Data from two meta-analyses
contradicts this finding, however, reporting that
there is no relationship between subtherapeutic
aPTT results and risk of recurrence in patients

treated with a 5000-U bolus followed by a contin-
uous IV infusion of at least 30,000 U per day
[28,29].

Although the in-hospital case-fatality rate of
VTE is increased in the elderly, it is unclear if this
is caused by a higher rate of serious underlying

disease, suboptimal treatment caused by a fear of
bleeding complications, reduced efficacy of anti-
coagulant therapy in the aged, or a combination

of the three [3]. Subgroup analyses of trials in
which patients with VTE were treated with
UFH, examining efficacy according to patient
age, have not been performed. Advanced age

was not an exclusion criterion, however, in trials
establishing the efficacy of IV UFH for treatment
of VTE [2,15,16].

Bleeding is the most common side effect of
anticoagulant therapy. Bleeding episodes are nor-
mally defined as major if they are intracranial, and

retroperitoneal if they are fatal or lead to hospi-
talization or transfusion [30]. Major bleeding
occurs in approximately 2% of patients treated
with IV UFH for acute VTE [18]. Patient factors,
such as recent surgery, trauma, and concurrent as-
pirin or thrombolytic therapy, have been identi-
fied as indicators of increased bleeding risk [30].

Although there is evidence suggesting that supra-
therapeutic aPTT levels are associated with in-
creased bleeding rates in patients with acute

coronary syndromes receiving UFH [31], the
evidence is by no means definitive in patients
receiving UFH for VTE [30].

Increased age has also been identified as an
indicator of increased bleeding risk with antico-
agulant therapy. Proposed reasons have included

increased drug interactions, increased drug sensi-
tivity, a higher incidence of concurrent disease
including renal insufficiency, malnutrition, and
increased vascular fragility [32]. In a systematic

review, Beyth and Landefeld [32] identified 11
studies that examined age as a risk factor for
heparin-related bleeding. Eight of the 11 studies

found bleeding to be more frequent in older pa-
tients [20,33–39], with on average a threefold in-
crease in risk of bleeding in patients over 60

years of age. It is worth noting that in four of
the studies UFH was given by intermittent bolus
[33–36], a dose regimen known to be associated

with an increased risk of bleeding in comparison
with continuous IV infusion. Four studies in-
cluded patients with indications other than VTE
[33–35,37], in one study age only increased bleed-

ing risk in postsurgical patients [20], and no study
used weight-adjusted dosing of UFH. In a subse-
quent study, patients with VTE received either

30,000 or 40,000 U of UFH per day by continuous
infusion. Increased age was found to be a risk fac-
tor for bleeding, independent of gender, weight,

and perceived baseline bleeding risk; major bleed-
ing occurred in 3.1% of patients younger than
72 years, and 11.1% aged 72 years or older [40].
In the same trial, the elderly required lower doses

of UFH to achieve therapeutic aPTT levels. It was
postulated that alterations in the level of heparin-
binding proteins with age and reduced renal clear-

ance of UFH, which is only important at high
heparin levels [18], contributed to the observed
difference in aPTT response.

There is evidence that elderly patients have
a moderately increased risk of bleeding with UFH
therapy, although this has not been demonstrated

when weight-based dosing regimes are used. Age
by itself should not be a contraindication to IV
UFH, although careful consideration of other
bleeding risk factors and monitoring of therapy

is required in this population.
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Initial treatment with low-molecular-weight

heparin

LMWH preparations are produced by either

enzymatic or chemical depolymerization of UFH
(Table 2) [18,41]. They have a mean molecular
weight of approximately 5000 d. Because heparin
must bind both antithrombin and thrombin

simultaneously to catalyze thrombin inhibition,
a process that requires a chain length of 18 sac-
charides, the reduced molecular size results in

a reduced capability of LMWH to inhibit throm-
bin in comparison with UFH [18]. Factor Xa
inhibition only requires binding of the pentasac-

charide moiety to antithrombin and not a mini-
mum chain length. LMWH has an increased
ratio of Xa to IIa (thrombin) inhibitory activity
[41]. Compared with UFH, the reduced size of

LMWH also produces decreased charge-related
nonspecific protein binding, resulting in improved
subcutaneous bioavailability, a more predictable

anticoagulant response, and predominantly
dose-independent renal clearance [41]. These
qualities have made outpatient management of

DVT using unmonitored, weight-based SC
LMWH feasible.
Dosage and monitoring

LMWH products differ in their method of
production, molecular weight, and anticoagulant
effect (see Table 2) [41]. Few trials have directly
compared different LMWH preparations for

treatment of acute VTE, and definitive conclu-
sions with regard to comparative efficacy and
safety cannot be made [42–44]. Dosage regimens

differ for the various LMWH formulations; those
used for treatment of VTE are shown in Table 2.
A meta-analysis comparing once-daily with
Table 2

Characteristics of selected low-molecular-weight heparins

Drug name

Mean molecular

weight

Anti-Xa:a

ratio

Enoxaparin 4200 3.8

Dalteparin 5800 2.8

Tinzaparin 5800 1.5–2

a Doses are in anti-FXa international units.
b Current approved FDA dose for treatment of acute VTE
c FDA approved for inpatient treatment.
d Regimen used in other countries, but not FDA approved
twice-daily SC LMWH for treatment of symp-
tomatic DVT found efficacy and safety to be
equivalent, although the statistical confidence

was limited by sample size [45].
Because the antithrombotic response to

weight-based dosing of LMWH is predictable,
laboratory monitoring during treatment is usually

unnecessary in patients with VTE [18]. When lab-
oratory monitoring is performed, the anti–factor
Xa assay is most commonly used for monitoring

LMWH therapy, despite concerns with regards
to the clinical relevance of results [46]. Levels are
usually performed on blood samples drawn 4

hours after SC injection and therapeutic ranges
of 0.6 to 1 U/mL for twice-daily administration
and 1 to 2 U/mL for once-daily treatment have
been proposed [18].

Because clearance of LMWH is primarily renal
it is expected that patients with renal impairment
have an increased risk of accumulation of drug

(and anti–factor Xa levels). Most pharmacoki-
netic studies of LMWH in patients with renal
failure have found this to be true with some

variation among LMWH products seen [47,48].
Current guidelines have recommended that IV
UFH be used for initial anticoagulant therapy in

patients with a creatinine clearance of !30 mL/
min, or if LMWH is used, that anti–factor Xa
levels be closely monitored [18]. The authors of
a recent review concluded that a clear threshold

of creatinine clearance at which patients showed
an increased risk of accumulation could not be
identified, and the role of laboratory monitoring

in patients with renal impairment is unclear [47].
Although individual LMWH products have
shown predictable dose responses in obese pa-

tients, measuring anti–factor Xa levels on at least
one occasion in this patient group seems to be
prudent [18].
nti-IIa

Therapeutic dosea

100 IU/kg twice dailyb or 150 IU/kg

once dailyc

100 IU/kg twice dailyd or 200 IU/kg

once dailyd

175 IU/kg once dailyb

.

.
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Efficacy and safety of low-molecular-weight heparin
in the elderly

Two separate meta-analyses reported unmon-
itored, fixed-dose SC LMWH to be as effective

and safe as adjusted-dose IV UFH for the
treatment of acute VTE, with both analyses
finding a significant difference in mortality favor-
ing LMWH, likely caused by improved survival in

patients with malignancy [42,49]. Patients with
acute VTE treated as outpatients with LMWH
seem to do as well as those receiving inpatient

treatments [42]. The suitability of administering
outpatient therapy makes LMWH more cost-ef-
fective than IV UFH in most health care settings.

Patients with extensive iliofemoral DVT have
often been excluded from LMWH trials, and
extended-duration (ie, O5 days) IV UFH therapy
is often administered to such patients.

Concern is often expressed with regards to use
of LMWH in the elderly because of the fall in
glomerular filtration rate with age, resulting in the

perceived risk of accumulation of anticoagulant
activity and resulting hemorrhage. Unfortunately,
the trial data with regards to bleeding risk in

elderly patients with VTE treated with LMWH
are limited because advanced age was often used
as an exclusion criterion. Pharmacokinetic data

for elderly patients given LMWH is available for
nadroparin, enoxaparin, and tinzaparin. In a study
of nadroparin given at a dose of 180 anti–factor
Xa U/kg for 6 to 10 days, evidence of accumula-

tion of anti–factor Xa activity was seen in both
healthy elderly volunteers and elderly patients
with VTE (mean age in both groups, 65) [50]. Sig-

nificant correlation was seen between creatinine
and drug clearances. Similar evidence of accumu-
lation and impact of renal function was seen in

a small study of 18 patients with renal impairment
(mean age, 75 years) administered enoxaparin,
1 mg/kg every 12 hours [51]. In contrast, tinza-
parin, 175 IU/kg for 10 days, showed no evidence

of accumulation of anti–factor Xa or IIa activity
in 30 inpatients with VTE, a median age of 87
years, and a creatinine clearance range of 20 to

72 mL/min [52]. It has been suggested that the
larger mean molecular weight of tinzaparin results
in a lower contribution of the kidneys to clearance

of this compound.
Two prospective trials have examined the

safety of LMWH in the geriatric population

[53,54]. In a study of 200 inpatients with VTE
(mean age, 85.2 years), the rate of major bleeding
was comparable with that in all adult patients at
1.5%. All patients had a creatinine clearance
of O20 mL/min, and received a fixed dose of
tinzaparin, 175 IU/kg once daily [53]. In a second
prospective registry of 334 patients receiving

enoxaparin or tinzaparin for a number of indica-
tions (mean age, 85 years) the major bleeding
rate was 7%, although overdosage contributed

to some bleeding episodes [54].
On the basis of these data, it seems reasonable

to use full-dose LMWH (particularly tinzaparin)

in elderly patients with VTE and a creatinine
clearance of O30 mL/min. Monitoring of anti–
factor Xa levels should be considered in patients

with impaired renal function [55]. In patients with
severe (creatinine clearance !30 mL/min) renal
impairment, IV UFH is preferred. Dose reduction
of LMWH in the elderly has not been examined in

trials, and there is a concern that this may reduce
treatment efficacy. Further randomized trials
evaluating LMWH in the elderly are needed.
Initial treatment with fondaparinux

Fondaparinux is a synthetic analogue of the
critical pentasaccharide sequence required for

binding of heparin molecules to antithrombin
[56,57]. Chemically engineered, it has minor
modifications from the natural pentasaccharide

moiety, improving stability and resulting in en-
hanced binding to antithrombin [56]. Given SC,
fondaparinux demonstrates 100% bioavailability

with peak plasma concentrations occurring 1.7
hours after dosing [58]. Clearance is predomi-
nantly renal, with approximately 70% of the ini-

tial dose recovered in the urine in an unchanged
form [58]. Patients with reduced creatinine clear-
ance, such as the elderly, show higher peak drug
levels and longer drug half-life and may require

dose adjustment [58,59].
Two trials have evaluated fondaparinux for

initial treatment of VTE [60,61]. In the Matisse-

DVT trial, once-daily SC fondaparinux (5 mg
daily if weight !50 kg, 7.5 mg daily if weight
50–100 kg, 10 mg daily if weight O100 kg) was

compared with enoxaparin, 1 mg/kg twice daily,
for the initial treatment of symptomatic proximal
DVT. After 3 months, symptomatic recurrence
occurred in 3.9% and 4.1% in the fondaparinux

and enoxaparin groups, respectively, with low
and similar rates of major bleeding in both
groups. Fondaparinux was judged to be noninfe-

rior to enoxaparin with regards to both efficacy
and safety. In the Matisse-PE trial [61], patients
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with symptomatic PE were randomized to initial
treatmentwith either fondaparinux (5, 7.5, or 10mg
according to weight) SC daily or continuous IV

UFH. Recurrent VTE developed in 3.8% and 5%
of patients receiving fondaparinux and UFH, re-
spectively. The rates of major bleeding were low
and not significantly different between treatment

arms. The investigators concluded that fondapari-
nux seems to be as effective and safe as UFH for
treatment of PE. The mean age of patients in

both trials was O60 years. Patients with renal
impairment (serum creatinine O2 mg/dL) were
excluded from both trials, however, meaning care

should be taken in extrapolating these results to
those elderly patients who are likely to have renal
impairment.
Heparin-induced thrombocytopenia

Heparin-induced thrombocytopenia is a non-

hemorrhagic complication of UFH and LMWH
therapy, manifesting typically with thrombocyto-
penia and, in many, with new thrombosis [62]. For
early detection of heparin-induced thrombocyto-

penia, platelet count monitoring is recommended
every other day until Day 14 in patients receiving
therapeutic UFH, but is not routinely recommen-

ded in patients with acute VTE treated with
LMWH because of an extremely low incidence
of heparin-induced thrombocytopenia in such

patients [63]. Readers are referred to the recent
American College of Chest Physicians guidelines
for further information on the manifestations

and management of heparin-induced thrombocy-
topenia [63].
Thrombolytic therapy for venous

thromboembolism in the elderly

The role of thrombolytic therapy in patients

with VTE remains controversial. Although
thrombolytic therapy results in increased rates of
early leg vein patency after DVT, it has not been
conclusively shown to decrease the subsequent

rate of postthrombotic syndrome, and outside of
life-threatening limb ischemia caused by massive
thrombosis, thrombolysis is not recommended in

patients with DVT [64].
Patients with massive PE presenting with

circulatory collapse have a mortality rate as high

as 30%, and the potential benefits of thrombolysis
in this patient subgroup normally outweigh the
2% to 3% risk of intracranial hemorrhage [65,66].
In two case series of patients with massive PE,
outcome and bleeding rates were similar in elderly
and nonelderly patients [67,68], although another

study found increasing age to be a major risk
factor for hemorrhage after thrombolysis [69].
Careful consideration on a case-by-case basis of
the risks and benefits of thrombolysis is required.
Long-term treatment of venous thrombosis

After the initial period of treatment with
heparin (UFH or LMWH), the preferred long-
term treatment of VTE for most patients is

warfarin or another coumarin derivative (eg,
acenocoumarol). Warfarin is usually continued
until the benefits of treatment no longer outweigh
its risks. In essence, this is a balance between the

risk of recurrent VTE if anticoagulation is stopped
and the risk of major bleeding if treatment is
continued. Because there are many factors

involved, the decision to prolong or stop anti-
coagulation needs to be individualized. Patient
preference should be taken into consideration if it

is concluded that the benefit of continuing anti-
coagulation is minimal or unclear.

In this section, issues related to long-term

warfarin therapy, including the optimal duration,
intensity of treatment, and risks of major hemor-
rhage, and alternatives to warfarin for the treat-
ment of VTE, such as LMWH, are discussed. The

impact of increased age on dosage, efficacy, and
safety of treatment options is emphasized.

Coumarin derivatives (warfarin)

For an in-depth review on the pharmacology
of coumarin derivatives, readers are referred to
the recent American College of Chest Physicians

guidelines [70].
Warfarin started within 24 to 48 hours of

initiating heparin with a goal of achieving

international normalized ratio (INR) results
between 2 and 3 as secondary thromboprophy-
laxis for 3 months reduces the risk of recurrent
VTE by 90% as compared with placebo [71].

A higher target INR of 3 to 4 is associated with
more bleeding but no better efficacy [72].
Although this latter range was previously thought

to be necessary in patients with antiphospholipid
antibody syndrome who developed thrombosis
[73,74], two recent randomized studies reported

that conventional-intensity warfarin therapy
(INR, 2–3) was as effective as high-intensity
(INR, 3.1–4) in preventing recurrent VTE
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[75,76]. Another recent randomized trial compar-
ing low-intensity warfarin therapy (target INR,
1.5–1.9) with conventional-intensity warfarin
therapy (target INR, 2–3) for the long-term treat-

ment of unprovoked VTE demonstrated that
low-intensity warfarin therapy was less effective
at preventing recurrent VTE (1.9% versus 0.7%

per patient-year; odds ratio, 2.8; 95% confidence
interval, 1.1–7) and was associated with the simi-
lar rates of major bleeding as conventional-inten-

sity therapy (INR 2–3) [77]. In all of these studies,
the average age of patients involved was less than
65 years. Based on these results, warfarin adjusted

to a target INR of 2 to 3 seems optimal for the
treatment of VTE.

Warfarin doses are adjusted according to the
prothrombin time, expressed as the INR. In two

separate randomized trials, Harrison and co-
workers [78] and Crowther and coworkers [79]
showed that the practice of initiating warfarin

starting with an average maintenance dose of
5 mg warfarin and adjusting the dose according
to the INR usually results in a value of at least

2 in 4 to 5 days. A 5-mg starting dose of warfarin
(rather than 10 mg) reduced the likelihood of early
excessive anticoagulation, ameliorated a precipi-

tous decline in protein C, and did not delay
achievement of a therapeutic INR. Kovacs and
colleagues [80] demonstrated that 10 mg of warfa-
rin in the first 2 days of therapy for outpatients

with acute VTE allows more rapid achievement
of a therapeutic INR than does a 5-mg dosage,
producing effective anticoagulation without an

increase in supratherapeutic INR results (greater
than 5). Although a 5-mg warfarin starting dose
is appropriate for most patients [81], it is reason-

able to use 10 mg in select outpatients. Starting
doses of 5 mg or less might be appropriate in
the elderly [82,83]; patients with liver disease,
nutritional deficiency, at high risk of bleeding

[84,85]; or patients who are more sensitive to war-
farin [86]. In the elderly, the dose of warfarin
needed to maintain the patient in the target INR

range is decreased, possibly reflecting a reduction
in the clearance of the drug with age [87]. Several
other factors may influence the response to antico-

agulation in the elderly, including an increased
likelihood of other medical illnesses, concurrent
drug use, and decreased compliance in taking or

monitoring of warfarin therapy.
INR monitoring can be performed daily or

every other day until the results are in the
therapeutic range for at least 24 hours. With the

advent of routine outpatient treatment of VTE
with LMWHs, which do not require monitoring
of their anticoagulant effect, there has been a push
to develop warfarin-dosing regimens that reduce
the need for initial INR monitoring. Smaller doses

of warfarin reduce the need for more frequent
INR monitoring because fewer patients develop
INR values greater than 3 in the early days of

warfarin therapy. Kovacs and colleagues [80,81]
demonstrated that algorithm-guided warfarin
initiation in outpatients that requires INR mea-

surements only on Days 3 and 5 is safe.
After initial dosing, warfarin can be monitored

two or three times per week for 1 to 2 weeks, and

then less frequently, depending on the stability of
INR results, up to intervals as long as 4 to 6 weeks.
If dose adjustment is needed, such as when medi-
cations that can interact with warfarin are in-

troduced, the cycle of more frequent monitoring
is repeated until a stable dose response is again
achieved. Because of the factors that can alter the

response to warfarin in the elderly (discussed pre-
viously), more frequent monitoring of the INR is
advisable in older patients to optimize INR con-

trol, thereby minimizing the risk of bleeding.
Risk of bleeding during warfarin therapy

The risk of major bleeding when the INR is

adjusted to achieve a target range of 2 to 3 in
patients receiving long-term warfarin ranges from
1% to 3% per year [77,88,89]. The risk of bleeding
seems to be highest soon after starting treatment,

or if anticoagulation is difficult to control [90–92].
Landefeld and Goldman [84] reported that the
rate of major bleeding decreased from 3% per

month during the first month of warfarin therapy,
to 0.8% per month for the rest of the first year
and 0.3% per month thereafter. A recent random-

ized study by Kearon and colleagues [77] reported
that the annual risk of major bleeding beyond the
first 6 months of anticoagulation (INR, 2–3) was

approximately 1% per year. In a meta-analysis
of 33 prospective studies to determine how often
major episodes of bleeding during warfarin ther-
apy in patients with VTE (INR, 2–3) were fatal,

the overall case-fatality rate was 13% [93]. Al-
though the risk of major bleeding seems higher

during the early course of anticoagulant therapy,

similar case-fatality rates were observed during
the acute and long-term phases of treatment.

The risk of major bleeding among patients

varies depending on such individual chara-
cteristics as age; comorbidities (eg, diabetes,
hypertension, renal insufficiency, previous
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gastrointestinal bleeding, or the presence of
cancer); and the use of concomitant drugs, in
particular antiplatelet therapy [30]. The associa-

tion between increasing age and anticoagulant-
related bleeding is controversial. Pengo and
colleagues [94] reported that major bleeding oc-
curred more frequently in patients older than 75

years than younger patients (5.1% per year versus
1% per year). Multivariate analysis in this study
identified age O75 as the only independent vari-

able related to primary bleeding. Although results
of early studies have suggested that older age is
not associated with an increased risk of major

bleeding [95–97], more recent studies support the
association reported by Pengo and coworkers
[83,90,98,99]. Older patients whose anticoagula-
tion is carefully managed (eg, anticoagulant

clinics) probably have a similar risk of bleeding
as younger patients [100]. Although it is not
known how aging might increase the risk of anti-

coagulant-related bleeding, this issue is important
as the world population ages and older patients
are more likely to have medical illnesses that

warrant anticoagulation. An increased case-fatal-
ity rate of VTE in the elderly means that optimal
therapy in this subgroup of patients is important

unless a clear contraindication is present [3,4].
Warfarin should not be withheld because of age;
instead, smaller starting dosages should be used,
and INR carefully monitored to maximize the

time in the therapeutic range.
A variety of programs has been developed

aimed at increasing the time in the therapeutic

range. These programs include anticoagulant
monitoring clinics with dedicated personnel, the
use of point-of-care monitors that allow patients

to self-test and self-manage dose adjustments, and
use of computerized programs to assist in dose
adjustments [101–107]. Home monitoring of war-
farin therapy is accurate, feasible, and associated

with a greater time in the therapeutic range and
improved quality of life for the patient, but it
requires special patient education and training to

implement and should be overseen by a knowl-
edgeable provider. In elderly patients, such intense
patient involvement may not be practical.

Two prediction rules to assess outpatients
receiving warfarin at increased risk of major
bleeding have been prospectively validated. Beyth

and colleagues [85] identified age O65 years,
history of gastrointestinal tract bleeding, history
of stroke, and one or more of four specific comor-
bid conditions (recent myocardial infarction, renal

impairment, anemia, and diabetes) as independent
risk factors for bleeding, and reported that the
cumulative rate of bleeding at 2 years of follow-
up was 3% in the low-risk group (no risk factors);

12% in the moderate-risk group (one or two risk
factors); and 53% in the high-risk group (three
or four risk factors). Kuijer and coworkers [108]
used age, sex, and the presence of malignancy in

their prediction model, and reported that the rates
of major bleeding after 3 months of therapy in the
low-, middle-, and high-risk groups were 1%, 4%,

and 7%, respectively. Although it seems reason-
able to use these models to weigh the risk and
benefits of warfarin therapy to modify the duration

of therapy and adjust the intensity or frequency of
monitoring, they should not be used to decide
whether or not to initiate anticoagulation.
Alternatives to coumarin derivatives

Low-molecular-weight heparin
Therapeutic doses of LMWH are indicated in

patients with VTE and cancer [109], for patients in

whom warfarin is impractical or contraindicated,
and those who develop recurrent VTE while being
treated with appropriate doses of oral anticoagu-

lants. In a randomized trial involving patients with
cancer-related VTE (DVT, PE, or both), the dose
of LMWHwas safely reduced to 75% of the initial,

weight-based dose after 1 month of treatment with-
out an increased riskof recurrentVTE [109]. Patients
who were receiving LMWH had one half the rate of
recurrent VTE as those who were taking warfarin

during 6 months of treatment (9% versus 17%).
The bleeding rates associated with bothmedications
were similar (6%versus 4%), and patients found the

daily injections of LMWH acceptable.
For patients with acute VTE and in whom

warfarin is impractical or contraindicated, long-

term (3–6 months) LMWH seems to be as effective
as warfarin in the prevention of recurrent VTE. In
a randomized controlled trial comparing tinza-

parin, 175 IU/kg SC daily, with IV UFH followed
by warfarin for 3 months in patients with DVT,
LMWH was as effective as warfarin for long-term
treatment in preventing recurrent VTE, and

LMWH was associated with a lower rate of
bleeding, in particular minor bleeding [110]. A
meta-analysis of randomized controlled trials that

compared LMWH with warfarin as secondary
thromboprophylaxis in patients with acute DVT
reported that the rates of recurrent VTE andmajor

bleeding were similar with the two regimens [111].
The long-term use of LMWH (R3 months) in

elderly patients with VTE seems to be effective
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and safe. In a randomized trial involving 100
patients aged O75 years with DVT, patients
receiving fixed-dose enoxaparin (4000 anti–factor
Xa units once daily) for 3 months had similar

rates of recurrent VTE and major bleeding to
those who were treated with warfarin (INR, 2–3)
[112]. The authors are not aware of any random-

ized study assessing the long-term use of
LMWH in patients with PE alone. Because PE
and DVT are manifestations of the same disease,

however, it seems reasonable to extrapolate the re-
sults from studies involving patients with DVT to
those with PE, with or without concurrent DVT.

Although LMWH is a safe alternative for some
patients, such as those who live in geographically
inaccessible places or who are reluctant to visit
thrombosis services regularly, its cost, the incon-

venience of daily injection, and the risk of osteo-
porosis associated with long-term treatment
limits its routine use as secondary prophylaxis.

Therapeutic strategies used to manage patients
who develop symptomatic recurrent VTE while
receiving conventional-intensity warfarin include

UFH; LMWH; higher- intensity warfarin (eg,
INR range, 3–4); or insertion of a vena caval
filter. In a recent case-series consisting of 887

patients with acute VTE, 3 of 32 patients who
developed recurrent VTE while receiving warfarin
developed further recurrent events when treated
with dalteparin, 200 IU/kg SC daily (9%; 95%

confidence interval, 2%–25%) [113]. The optimal
management of such patients is unknown, because
no randomized studies have been performed.

Vena caval filters
Inferior vena caval filters can be considered in

patients who have contraindications to, or de-
velop major bleeding while receiving, anticoagu-
lant therapy, or those who develop recurrent VTE

while receiving adequate treatment. In a random-
ized trial comparing anticoagulant therapy either
alone or with a filter among 400 patients with

acute DVT, the incidence of PE at Day 12 was
lower in patients with a filter compared with those
without. This benefit did not persist at 2 years,

however, and was offset by an almost doubling in
the risk of recurrent DVT. Further, filters did not
reduce early or late survival [114]. This suggests
that anticoagulant therapy should be used concur-

rently if safe to do so to prevent recurrent DVT.

Oral direct thrombin inhibitors
Coumarin derivatives, such as warfarin, have

long been the only available oral anticoagulant for
patients who need long-term anticoagulation.
Their drawbacks, however, include a narrow ther-
apeutic index, need for careful routine monitor-
ing, and consequent dose adjustments to avoid

overdosing and underdosing, with associated risks
of hemorrhage and thrombosis, respectively.
Ximelagatran is an oral direct thrombin inhibitor

that does not require monitoring for the antico-
agulant effect. When used as long-term treatment
(R6 months) in patients with VTE, ximelagatran

has been demonstrated in randomized trials to be
as effective as warfarin in preventing recurrent
VTE [115,116]. Elevation in liver enzymes (espe-

cially alanine aminotransferases) has been re-
ported in 5% to 10% of patients with long-term
use, however, the clinical implications of which
are unclear because levels may decrease to normal

with continued treatment. Ximelagatran has not
been approved by the Food and Drug Adminis-
tration for clinical use.

Indirect factor Xa inhibitors

Idraparinux is a novel synthetic pentasaccharide
with a substantially long half-life that inhibits
activated factor X. Two randomized clinical trials

comparing the efficacy and safety of idraparinux
versus standard therapy involvingpatientswithDVT
andPEhavebeenperformed [117].Once-weekly sub-

cutaneous idraparinux for 3 or 6 months demon-
strated similar efficacy compared with heparin
followed with coumarin derivatives among patients
with DVT. However, among patients with pulmo-

nary embolism, idraparinux was less efficacious
than standard therapy. Possible reasons for differ-
ences between results of DVT and PE trials include:

� Chance (LMWH performed much better than
historical controls).

� DVT and PE are different diseases.
� LMWH/coumarin derivatives group in PE
study performed exceptionally well compared

with the DVT trial and historical LMWH/
coumarin derivatives controls.
� The idraparinux group in the PE trial is less

efficacious and needs change in early
anticoagulation.

There were no differences in the rates of major or
clinically relevant bleeding in both the DVT and
PE studies.

Compression stockings

The use of below-knee graduated compression
stockings for 2 years following acute DVT have
been reported to halve the rate of postthrombotic
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syndrome, but does not reduce the risk of
recurrent VTE [118–120].
Table 3

Recommended duration of anticoagulation for patients

with symptomatic DVT or PE

VTE scenario Duration of treatment

Major transient risk factora 3 mo

Associated with minor risk

factors, no high-risk

thrombophiliab

6 mo

Unprovoked, with or without

low-risk thrombophiliac
R6 moe

Unprovoked with high-risk

thrombophiliad
Indefinite

Cancer or persistent risk factor Indefinite

Abbreviations: DVT, deep vein thrombosis; PE, pul-

monary embolism.
a Major transient risk factors include major surgery

(requiring anesthesia for O30 minutes); major trauma

(eg, lower limb fracture requiring casting); major medi-

cal illness.
b Examples of minor risk factors include nonspecific

transient illnesses, a history of air travel, estrogen-con-

taining oral contraception, or hormone-replacement

therapy [124].
c Examples of low-risk thrombophilia include het-

erozygosity for factor V Leiden and prothrombin gene

mutations, hyperhomocysteinemia.
d Examples of high-risk thrombophilia include the

presence of antiphospholipid antibodies; homozygosity

for factor V Leiden or prothrombin gene mutation or

combined heterozygosity for both; and deficiencies of

antithrombin, protein C, or protein S.
e Consider prolonging therapy if risk of major bleed-

ing is low or preferred by patient.
Duration of anticoagulant therapy

Patients with symptomatic proximal DVT or
PE should be treated for at least 3 months.
Kearon and coworkers [121] compared 1 month
with 3 months of warfarin therapy (target INR,

2–3) in patients whose VTE was associated with
a transient risk factor. The rate of recurrent
VTE after stopping treatment was 3.2% per

patient-year in patients who received 3 months
compared with 6.8% per patient-year in patients
who received 1 month of treatment. This result

is consistent with previous randomized trials in
which patients with VTE who were treated for
4 to 6 weeks had a doubling in the risk of recur-
rence compared with those who were treated for

3 months [122,123].
The optimal duration of treatment for patients

whose VTE was unprovoked is controversial. Such

patients who are treated with warfarin for 3
months have a 10% to 27% risk of developing
recurrence during the 12 months after anticoagu-

lant therapy is stopped [88,89,124]. With 6 months
of anticoagulant therapy, the risk of recurrence in
the first year after stopping is approximately 10%

[124,125]. Although extending treatment beyond
6 months reduces the risk of recurrent VTE, the
benefit is lost after warfarin is discontinued
[89,126]. In patients whose VTE developed in

association with minor risk factors (eg, air travel,
pregnancy, within 6 weeks of estrogen therapy,
less serious leg injury, or immobilization) the risk

of recurrence is probably lower than 10% [125].
Thrombophilia has been reported to be asso-

ciated with an increased risk of recurrent VTE.

The most convincing association is the presence of
an antiphospholipid antibody (lupus anticoagu-
lant or anticardiolipin antibody), which is associ-

ated with a twofold increase in the risk of
recurrence [127–129]. Deficiencies of antithrom-
bin, protein C and protein S [130,131], and homo-
zygous factor V Leiden [132], and elevated levels

of homocysteine [133], have also been reported
to be associated with an increased risk of recur-
rence. Opposing this view, Baglin and colleagues

[125] reported that testing for heritable thrombo-
philia does not allow prediction of recurrent
VTE in the first 2 years after anticoagulant ther-

apy is stopped; instead, assessment of clinical
risk factors associated with the first episode of
VTE predicted risk of recurrence. Further, there
are no randomized trials assessing different dura-
tion of anticoagulation in patients with VTE and
thrombophilia to determine the risk of recurrence.

The assumption that anticoagulation should be
prolonged in such patients to reduce recurrent
VTE has not been proved and thrombophilia
testing need not be routinely performed, especially

among older patients.
Evidence regarding the effect of age on re-

currence is conflicting: some studies have reported

a lower relative risk of recurrence with age
[88,134], whereas others have reported a higher
relative risk of recurrence [135]. Currently, most

experts do not consider age to be a risk factor
for recurrent VTE [136].

The decision to extend anticoagulant therapy
beyond 3 months should be determined to balance

the risk of recurrent VTE with the risk of
bleeding. The annual risk of major bleeding when
warfarin is adjusted to achieve a target INR of

2 to 3 is 1% to 3% [77,88,89,137]. Case-fatality
rates of 10% for major bleeding in patients who
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received treatment for more than 3 months [93]
and 5% for recurrences have been reported
[138]. In patients whose VTE was associated
with a transient risk factor, treatment for 3

months is generally adequate because the risk
of fatal recurrent VTE is lower than the risk
of fatal bleeding if warfarin is prolonged.

Among patients with unprovoked VTE, pro-
longed warfarin therapy greater than 6 months
can be considered because the risk of fatal hem-

orrhage is counterbalanced by the risk of fatal
recurrence. The argument to prolong therapy
in these patients is stronger in the case of

a high-risk thrombophilia, such as antiphospho-
lipid antibody; homozygous factor V Leiden; de-
ficiency of antithrombin, protein C, or protein
S; or combined heterozygous state for factor V

Leiden and the prothrombin gene mutation
[139]. In patients whose VTE developed in the
setting of minor risk factors or who are at

high risk of bleeding, therapy for 6 months or
less seems appropriate [136]. Indefinite therapy
(preferably with LMWH) should be considered

in patients with cancer-related VTE if the risk
of bleeding is not high because the risk of recur-
rent VTE is O10% in the first year after stop-

ping anticoagulation (Table 3).

Summary

Venous thrombosis is a common disease. As
the mean age of the population increases, so does
the incidence of VTE. Anticoagulant therapy is
equally effective in young and older patients, and

can substantially reduce the associated morbidity
and mortality. When considering long-term oral
anticoagulant therapy in older patients, however,

careful ongoing evaluation is imperative to ensure
that the risk of bleeding does not outweigh the
antithrombotic benefits.
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Stroke is the leading cause of severe disability

in the adult population. More than 700,000
Americans have a stroke each year, of which
approximately 200,000 are recurrent events. The
risk for stroke increases exponentially with age.

Approximately 29% of people aged 65 years or
older die within 1 year, making stroke the third
leading cause of death [1,2]. At any one time, 4.7

million people in the United States have had
strokes, which results in stroke-related health
care costs in excess of $18 billion per year, in ad-

dition to the cost of lost wages. Because the
number of individuals aged older than 65 years
is rapidly growing, there is an overwhelming

need to develop therapies aimed at the prevention
and treatment of this disease. The number of indi-
viduals aged older than 65 years is projected to in-
crease from 39 million in 1995 to 69 million, or

20% of the total population, in 2030 [3].
Primary prevention of stroke

Preventing the elderly from having their first

stroke requires a comprehensive multidisciplinary
approach. The first objective is to identify and
modify stroke risk factors, including
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hypertension, diabetes mellitus, myocardial in-

farction, atrial fibrillation, hyperlipidemia, and
asymptomatic carotid stenosis, and lifestyle fac-
tors, including smoking, alcohol use, and seden-
tary lifestyle. The guidelines for risk reduction

have recently been reviewed [4].
In addition to lifestyle modification, recent

attention has focused on the role of aspirin in

reducing the risk for stroke, given its well-estab-
lished efficacy in the prevention of myocardial
infarction [5]. Aspirin reduces stroke by approxi-

mately 25% in patients who have clinically
manifest atherosclerosis [6]. For people without
clinically known vascular disease, the data are

scant regarding aspirin’s protective effects. A
meta-analysis of five randomized trials, totaling
more than 50,000 patients, found no difference
in the incidence of stroke between low-risk pa-

tients randomized to receive aspirin or placebo
during an average follow-up of 4.6 years. Regular
use of aspirin did significantly increase the rate of

intracranial hemorrhage by a relative risk factor
of 1.35 [7]. The mean age of the patients in these
trials, however, was 57 years. The long-term ef-

fects of aspirin for primary prevention of vascular
events in the elderly remain unknown. No ran-
domized trials have specifically investigated this
question in the geriatric population. At the pres-

ent time, no evidence exists to recommend aspirin
for the prevention of stroke in a low-risk asymp-
tomatic elderly population. Other studies, how-

ever, have found that aspirin may be beneficial
in middle-aged women with specific stroke sub-
types. A prospective observational study found
ts reserved.
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that women aged 34 to 59 years taking one to six
aspirins per week (325 mg) followed over 14 years
had a lower risk for large-artery occlusive infarc-

tion compared with women who reported no aspi-
rin use [8]. Women who took higher doses (more
than 15 tablets per week), however, were approx-
imately twice as likely to have subarachnoid

hemorrhage. Current understanding of the patho-
physiology of stroke is consistent with these re-
sults. Large-artery occlusive stroke is caused by

in situ thrombosis, with a risk factor profile simi-
lar to coronary artery disease, for which aspirin
has been shown to be protective. The authors of

the study noted, however, that approximately
80% of the respondents took aspirin for headache
or musculoskeletal pain, which may be irrelevant
to stroke risk reduction. Whether the results of

this trial apply to men and the elderly awaits fur-
ther study. Randomized trials are currently under-
way to address more adequately the effects of

aspirin on the primary prevention of stroke.
The use of warfarin in primary prevention of

thromboembolic events is discussed elsewhere in

this issue.
Secondary prevention of stroke

Stroke prevention after cardioembolic stroke
or transient ischemic attack

Individuals at high risk for recurrent cardi-
oembolic stroke are managed with anticoagulants.

Patients who have atrial fibrillation, the most
common cause of cardioembolic stroke, should
receive oral anticoagulation in the form of warfa-

rin to reach an international normalized ratio
(INR) range of 2 to 3, unless there are contrain-
dications to warfarin. Warfarin inhibits the syn-

thesis of vitamin K–dependent factors (VII, IX,
X, and II) that are fundamental components of
the ‘‘intrinsic pathway’’ of clotting. A recent

meta-analysis found warfarin superior to aspirin
for stroke prevention in patients who had atrial
fibrillation and a recent transient ischemic attack
(TIA) or minor stroke [9]. For patients with con-

traindications to warfarin, aspirin is an alternative
therapy.

Warfarin is also appropriate for patients with

several other high-risk sources of cardiogenic
emboli who have had a previous TIA or stroke;
however, randomized trials have not been con-

ducted for every specific etiology. High-risk sour-
ces include mechanical prosthetic heart valves,
recent myocardial infarction, left ventricular
thrombus, and dilated cardiomyopathies [10]. An-
ticoagulation is contraindicated, however, in pa-
tients who have infective endocarditis. Further

studies are necessary to evaluate the efficacy of an-
ticoagulation for those patients not at high risk
for recurrent stroke.

The Patent Foramen Ovale (PFO) in Crypto-

genic Stroke Study was a multicenter study that
evaluated transesophageal echocardiographic
findings in patients randomly assigned to warfarin

or aspirin in the Warfarin Aspirin Recurrent
Stroke Study (WARSS). The PFO in Cryptogenic
Stroke Study evaluated the results of the trans-

esophageal echocardiographic findings of the 2206
(28%) patients in the WARSS who were ran-
domly assigned to take warfarin (mean INR ¼
2.02) or aspirin. A total of 34% of the patients

were found to have a PFO (36% large and 64%
small). After 2 years of follow-up, there was no
significant difference among those with no PFO,

a small PFO, or a large PFO, with event rates of
15.4%, 18.5%, and 9.5%, respectively. In the
presence of an associated atrial septal aneurysm,

the 2-year events rates were not significantly
different from those with a PFO alone (15.9%
versus 14.5%) [11].

Of note, the correlation between a PFO and
cryptogenic stroke is only in patients younger
than 55 years of age [12] and is not valid in older
age groups, which may have many additional risk

factors and potential causes that could lead to
a stroke. The risk for major bleeding during war-
farin therapy was reported to be higher in older

patients, especially those older than 75 years of
age, when the INR is greater than therapeutic
levels [13,14].

Although it was previously suggested that
a lower intensity of anticoagulation decreases
the risk for warfarin-related bleeding in elderly
patients who have atrial fibrillation [15], a recent

retrospective study showed that INRs less than 2
were not associated with lower risk for intracra-
nial hemorrhage compared with INRs between 2

and 3 [16].
Stroke prevention after atherothrombotic stroke

or transient ischemic attack

Recurrent ischemic events in patients who have
had a stroke or TIA need to be prevented.
According to longitudinal studies of patients

who have had an ischemic stroke, 1-year mortality
rates range from 15% to 25% and 5-year mortal-
ity rates range from 40% to 60%. The rate of
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stroke recurrence ranges from 5% to 14% in the
first year and from 25% to 40% within 5 years
[17]. The medical management of patients who
have had a prior stroke or TIA but are not candi-

dates for surgical intervention is discussed next.
Fig. 1. Target sites of antiplatelet therapy. ADP, adeno-

sine diphosphate; GP, glycoprotein; TxA2, thrombox-

ane A2; TxS, thromboxane synthase; vWF, von

Willebrand’s factor.
Stroke in patients with cardiomyopathy
and reduced ejection fraction

Patients who have heart failure are a well-
established cohort at risk for ischemic stroke.

Second to atrial fibrillation, cardiomyopathy and
a low ejection fraction (EF) is the leading cause of
cardiogenic ischemic stroke with a proposed

mechanism of cardioembolism [18]. Analogous to
clot formation in a dilated fibrillating atria, it is
proposed that mural thrombus may form in a di-
lated ventricle, especially one with focal wall mo-

tion abnormality after myocardial ischemia. The
association of a low EF with ischemic stroke led
to several studies whose goal was to determine

the best drug for secondary stroke prevention in
these patients.

The Warfarin and Antiplatelet Therapy in

Chronic Heart Failure (WATCH) trial was de-
signed to investigate the efficacy of warfarin (goal
INR: 2.5–3.0) versus aspirin at a dosage of 162

mg/d or clopidogrel at a dosage of 75 mg/d in
preventing ischemic stroke and all-cause mortality
in patients who have heart failure and an EF of
35% or less. This study was ended 18 months

prematurely because of poor enrollment, which
resulted in a lack of power to demonstrate the
study objectives [19]. This left the question of ap-

propriate antithrombotic medications with a low
EF open for further study.

The National Institutes of Health funded

a randomized double-blind clinical trial that
hopes to determine the appropriate antithrom-
botic therapy in patients with a reduced cardiac

EF. The Warfarin Versus Aspirin in Patients with
Reduced Cardiac Ejection Fraction [WARCEF]
trial enrolled 2860 patients from 70 North Amer-
ican and 70 European sites [18]. In the warfarin-

treated patients, the target INR was 2.5 to 3.0,
and the aspirin-treated patients received aspirin
at a dosage of 325 mg/d. The primary objective

was to determine the superiority of aspirin or war-
farin in preventing all-cause mortality and all
strokes, with ischemic and hemorrhagic strokes

being considered in patients with a left ventricular
EF of 30% or less. The trial is ongoing, but pre-
liminary data suggest that warfarin is superior to
aspirin in preventing ischemic stroke in the study
population.

Antiplatelet agents
Studies have supported the efficacy and safety

of antiplatelet therapy in reducing atherothrom-
botic stroke recurrence. Large randomized trials
have shown the benefit of four different agents: (1)
aspirin, (2) ticlopidine, (3) clopidogrel, and (4)

dipyridamole (Fig. 1). Recent trials have also
looked into the benefits of combination antiplate-
let agents. Selecting the optimal antiplatelet ther-

apy to prevent stroke recurrence, however,
remains the subject of debate and controversy.
In clinical practice, physicians select individual

agents based on relative efficacy, availability,
cost, and adverse side effects (Table 1).

Aspirin. Aspirin is the most widely used and

studied antiplatelet agent. It inhibits platelet
aggregation by irreversibly blocking cyclooxyge-
nase, which is essential for the synthesis of

thromboxane A2, which promotes platelet activa-
tion and vasoconstriction.



Table 1

Antithrombotic agents in cerebral ischemia

Atherothrombotic stroke Aspirin, 50–1300 mg/d Aspirin, 25 mg þ ER dipyridamole, 200 mg bid

Clopidogrel, 75 mg/d

Ticlopidine, 250 mg bid

Atherothrombotic stroke and

aspirin-intolerant or recurrent

stroke during aspirin therapy

Aspirin, 25 mg, þ ER

dipyridamole,

200 mg bid

Ticlopidine, 250 mg bid

Clopidogrel, 75 mg/d

Warfarin (INR: 2–3)

Aspirin, 50–1300 mg/d

Cardioembolic stroke Warfarin (INR: 2–3) If warfarin is contraindicated, then aspirin, 325 mg/d

Abbreviations: bid, twice daily; ER, extended release.
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Several trials support the benefits of aspirin in

patients who are at risk for stroke. The Swedish
Aspirin Low Dose Trial randomized 1360 patients
who had a minor stroke or TIA to aspirin at

a dosage of 75 mg/d or placebo [20]. Patients in
the aspirin group were found to have an 18%
relative reduction in stroke plus all death. A
meta-analysis of 10 trials comparing aspirin with

placebo for the prevention of vascular events in
patients who have cerebrovascular disease found
an overall statistically significant relative risk re-

duction of 13% [21], which equates to 36 patients
who must be treated for 2 years to avoid one vas-
cular event.

The optimal dose of aspirin for stroke pre-
vention has been the subject of extensive debate
[22]. No clear evidence favors one dose over an-

other. Two studies have directly compared aspirin
doses. The United Kingdom Transient Ischemic
Attack study, which compared aspirin at a dosage
of 300 mg/d versus a dosage of 1200 mg/d versus

placebo, found no differences in vascular events
between the two doses [23]. The Dutch Transient
Ischemic Attack Trial of 3131 patients who had

a minor stroke similarly corroborated the lack of
differences in vascular events between groups
receiving 30 mg/d and 283 mg/d [24]. A meta-

analysis by the Antiplatelet Trialists showed
equivalent efficacy of high-dose (500–1500 mg/d)
and medium-dose (75–325 mg/d) aspirin in pre-
venting the composite end point of nonfatal myo-

cardial infarction, nonfatal stroke, or vascular
death [6]. A more recent meta-analysis also could
find no dose-dependent relation for the efficacy of

aspirin in patients who had a prior stroke or TIA
[21]. These studies, and others, suggest no impor-
tant differences in doses between 30 and 1200 mg

for stroke prevention and a modest dose-related
incidence of adverse events. Based on the results
of these studies, the American College of Chest

Physicians recommends the use of aspirin at a dos-
age of 50 to 325 mg/d [25]. There is no evidence to
suggest that increasing the dose provides addi-

tional benefits to patients who have an ischemic
event while taking aspirin, an occurrence com-
monly referred to as ‘‘aspirin failure.’’ The typical

practice is to place these patients on another anti-
platelet agent or warfarin, although there are no
studies directly supporting this decision.

Ticlopidine. Ticlopidine hydrochloride inhibits
ADP, which participates in platelet aggregation
and fibrinogen binding to the glycoprotein IIb-

IIIa receptor [26]. In the Canadian American
Stroke Study, ticlopidine was shown to be
30.2% more effective than placebo in preventing

recurrent vascular events (including stroke) in
patients who experienced a recent thromboem-
bolic stroke [27]. The Ticlopidine Aspirin Stroke

Study showed that ticlopidine at 250 mg admin-
istered twice daily is more effective than aspirin
at 650 mg administered twice daily in preventing
a second thromboembolic event, following pa-

tients who experienced a TIA [28]. The ticlopi-
dine group had a 21% greater relative risk
reduction for fatal and nonfatal stroke compared

with the aspirin group, which translates into
a number-needed-to-treat of 34 patients. Clini-
cally relevant adverse effects noted in these trials

were neutropenia, thrombocytopenia, diarrhea,
and rash. Ticlopidine is also associated with
thrombotic thrombocytopenic purpura [29]. It
has been recommended that complete blood cell

counts with differentials be monitored every 2
weeks for the first 3 months of therapy to detect
blood dyscrasias. In a post hoc analysis of the

Ticlopidine Aspirin Stroke Study, certain sub-
groups of patients were particularly benefited
by the use of ticlopidine [30]. The risk-benefit

profile was shown to be more favorable for non-
whites, women, and patients who have intracra-
nial disease, in terms of a better relative risk

reduction for stroke and death and fewer adverse
outcomes.
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The African American Antiplatelet Stroke
Prevention Study (AAASPS) was specifically de-
signed to target a population that is particularly
burdened by stroke. It compared the efficacy of

aspirin at 325 mg administered twice daily with
ticlopidine at 250 mg administered twice daily in
preventing a composite end point of stroke,

myocardial infarction, and vascular death among
African-American patients who have had a recent
noncardioembolic ischemic stroke. The study was

terminated prematurely after analysis concluded
that there was a less than 1% probability that
ticlopidine would be superior to aspirin in the

prevention of the primary end point [31]. The
AAASPS demonstrated that the number of sub-
jects who reached the primary outcome end point
did not differ between the groups assigned to ticlo-

pidine and aspirin. There was also a nonsignificant
trend for reduction of fatal and nonfatal strokes
in patients treated with aspirin.

Clopidogrel. Clopidogrel is an ADP inhibitor
belonging to the same chemical family as ticlopi-

dine. The Clopidogrel versus Aspirin in Patients
at Risk of Ischemic Events (CAPRIE) study
evaluated its antithrombotic effects. Unlike earlier

antiplatelet trials that solely involved patients who
had a stroke and TIA, however, the CAPRIE
study evaluated 19,185 patients who had a pre-
vious ischemic stroke, myocardial infarction, or

atherosclerotic peripheral arterial disease, com-
paring clopidogrel at a dosage of 75 mg/d with
aspirin at a dosage of 325 mg/d [32]. Efficacy was

determined by the subsequent occurrence of ische-
mic stroke, myocardial infarction, or vascular
death. The incidence of any one of these outcomes

was 5.32% per year in the clopidogrel group com-
pared with 5.83% per year in the aspirin group,
a small but statistically significant difference. A
total of 200 more patients need to be treated

with clopidogrel to prevent one more vascular
event. For the stroke group of 6431 patients, no
statistically significant benefit was found for clopi-

dogrel over aspirin for the defined end point or for
recurrent stroke alone. These results suggest that
clopidogrel is at least as effective as aspirin in

the prevention of secondary thromboembolic
events. The CAPRIE trial showed a better side
effect profile for clopidogrel. The clopidogrel-

treated group had a 0.1% incidence of neutrope-
nia and a 0.26% incidence of thrombocytopenia.
No major differences in gastrointestinal symptoms
were found between clopidogrel and aspirin, but

clopidogrel did cause rash and diarrhea more
frequently than aspirin. More recently, however,
thrombotic thrombocytopenic purpura has been
shown to occur after the initiation of clopidogrel
therapy [33]. Based on existing data, it is the au-

thors’ opinion that there is no clear indication to
prescribe clopidogrel over aspirin for the preven-
tion of recurrent atherothrombotic stroke unless

the patient is aspirin-intolerant.
Combination of antiplatelet agents
Individual antiplatelet agents with different

mechanisms of action have been proved safe and
effective in preventing recurrent ischemic events,
albeit with modest benefits. Despite a lack of
scientific evidence, many physicians use combina-

tions of these agents, assuming greater benefit
from the combination than when using each agent
alone. The clinical studies that address this

practice are discussed next.

Aspirin and dipyridamole. The fixed-dose combi-
nation of aspirin (25 mg) and extended-release

dipyridamole (200 mg) combines two antiplatelet
agents with different mechanisms of action.
Dipyridamole inhibits platelet aggregation by

inhibiting the uptake of adenosine and phospho-
diesterase. Although previous studies found no
benefit of adding dipyridamole (immediate-re-

lease) to aspirin, a fourth study did find benefit.
In the European Stroke Prevention Study-2 of
6602 patients who had a prior ischemic stroke or
TIA, aspirin and extended-release dipyridamole

were found to be twice as effective as either agent
alone in the prevention of a second stroke after 2
years [34]. Extended-release dipyridamole (200 mg

administered twice daily) and aspirin (25 mg ad-
ministered twice daily) were both found to afford
significant reductions in stroke recurrence (16%

and 18%, respectively) compared with placebo,
whereas the combination of aspirin and ex-
tended-release dipyridamole resulted in a 37%

risk reduction. When combined with the previous
trials of dipyridamole and aspirin, the combina-
tion reduces the risk for stroke by 23% compared
with aspirin alone [35]. The absolute risk reduc-

tion of the combination in the European Stroke
Prevention Study-2 was 3% at the end of 2 years.
The most common adverse event with aspirin and

extended-release dipyridamole was headache
(39.2%), which was more frequent at the onset
of therapy, with a tendency to diminish over

days as tolerance to dipyridamole develops. The
incidence of dyspepsia with aspirin and ex-
tended-release dipyridamole was similar to that
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with aspirin alone (18.4% versus 18.1%), whereas
the incidence of gastrointestinal bleeding was
comparable to that with aspirin (4.1% versus

3.2%). Post hoc analysis of the European Stroke
Prevention Study-2 data reports no increased
risk for angina pectoris or myocardial infarction
in those patients who had ischemic heart disease

at baseline [36].

Aspirin and clopidogrel. The efficacy of the com-

bination of aspirin and clopidogrel was first
described in the Clopidogrel in Unstable Angina
to Prevent Recurrent Events trial. This trial en-

rolled 12,562 patients who had unstable angina or
suspected myocardial infarction, who were ran-
domized to clopidogrel at a dosage of 75 mg/d or
placebo for a duration of 3 to 12 months. All the

patients received aspirin at a dosage of 75 mg/d to
325 mg/d [37]. The primary outcome measure con-
sisted of cardiovascular death, nonfatal myocar-

dial infarction, and stroke. The primary outcome
event occurred in 9.3% of patients in the clopi-
dogrel-aspirin group and in 11.4% of patients tak-

ing aspirin alone, yielding a relative risk reduction
of 20%. This equates to 48 patients who must be
treated to avoid one primary outcome event.

There was a higher rate of major bleeding in the
clopidogrel-aspirin group (3.7% versus 2.7%),
which equates to a 1% absolute excess of major
bleeding complications. Minor bleeding complica-

tions were also twice as common in the clopidog-
rel-aspirin group (5.1% versus 2.4%). Although
the Clopidogrel in Unstable Angina to Prevent

Recurrent Events trial demonstrated increased ef-
ficacy of the combination of clopidogrel and aspi-
rin against vascular events, some of its benefits are

counteracted by the associated increased bleeding
risk. It is also notable that the rate of stroke as the
outcome event is rather low for both groups
(1.2% with clopidogrel-aspirin versus 1.4% with

aspirin alone).
The superiority of the combination of clopi-

dogrel and aspirin in stroke prevention was

evaluated in the Management of Atherothrombo-
sis with Clopidogrel in High-Risk Patients with
Recent TIA or Ischemic Stroke trial. This trial

enrolled 7599 high-risk patients within 90 days of
having had a TIA or ischemic stroke and at least
one additional vascular risk factor. Patients were

randomized to clopidogrel alone at a dosage of 75
mg/d or to a combination of clopidogrel and
aspirin at a dosage of 75 mg/d [38]. The study did
not show any significant benefit of taking the

combination over clopidogrel alone. A total of
15.7% of patients taking clopidogrel and aspirin
reached the primary outcome event of cardiovas-
cular death, nonfatal myocardial infarction,

stroke, or rehospitalization for an acute ischemic
event, whereas 16.7% of those taking clopidogrel
alone experienced an outcome event. More con-
cerning is a statistically significant excess of life-

threatening hemorrhage, up to a 1.3% absolute
risk increase, in patients taking the clopidogrel-as-
pirin combination (2.6% versus 1.3% in the clopi-

dogrel-alone group).
The Prevention Regimen for Effectively Avoid-

ing Second Strokes [PRoFESS] trial is designed to

evaluate whether aspirin plus extended-release
dipyridamole is superior to clopidogrel in prevent-
ing stroke in patients who have had an ischemic
stroke or TIA [39]. The trial is also designed to

compare telmisartan, an angiotensin receptor in-
hibitor, with placebo to assess whether its addi-
tion further reduces stroke risk. The primary

outcome is time to repeated event. The study is
taking place in 35 countries and 720 centers,
with enrollment of more than 20,000 patients.

This makes it the largest secondary stroke preven-
tion trial ever undertaken. It is expected to con-
clude in 2008.

The European/Australian Stroke Prevention in
Reversible Ischemia Trial is an ongoing inter-
national, multicenter, randomized, nonblind,
controlled trial to compare the safety and pro-

phylactic efficacies of mild anticoagulantsdaspi-
rin in conjunction with dipyridamole and aspirin
alonedagainst future vascular events in patients

who have atherosclerotic cerebral ischemia. This
trial is to be divided into three subprotocols: (1)
scheme A is going to compare anticoagulants,

aspirin combined with dipyridamole, and aspirin
alone; (2) scheme B is going to compare aspirin in
conjunction with dipyridamole with aspirin alone;
and (3) scheme C is going to compare aspirin with

anticoagulants. This study is going to include
patients who present within 6 months of an
atherosclerotic TIA or nondisabling stroke (Ran-

kin Scale score %3) and is to be randomized into
one of the three schemes. The mean follow-up is
planned to be 3 years. The primary outcome is the

composite of vascular death, stroke, myocardial
infarction, or major bleeding. Outcome assess-
ment is blinded [40].

Any of the antiplatelet agents are acceptable as
first-line therapy. When deciding which agent to
choose, many experts have made indirect com-
parisons, keeping in mind that each study had

a different study design, patient population,
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analytic method, and inclusion-exclusion criteria
[41,42]. For the prevention of stroke, myocardial
infarction, or vascular death during 2 years of
therapy, 10 events would be avoided with clopi-

dogrel, an estimated 25 with ticlopidine, and
approximately 35 with the aspirin and extended-
release dipyridamole combination. In light of the

new data from the AAASPS and the Management
of Atherothrombosis with Clopidogrel in High-
Risk Patients with Recent TIA or Ischemic Stroke

trial, however, the only treatment that has been
demonstrated to be more effective than aspirin
in the prevention of recurrent stroke is the combi-

nation of aspirin at 50 mg/d and extended-release
dipyridamole at 400 mg/d. The authors recom-
mend that the aspirin-dipyridamole combination
be considered when the primary treatment goal

is prevention of recurrent stroke rather than myo-
cardial infarction; however, its higher cost might
prohibit its use as initial therapy.

Oral anticoagulation

Anticoagulation has been available clinically
since 1937 [43], but the indications for its use and
its efficacy in treating ischemic stroke remain con-

troversial despite numerous clinical trials. Most of
the studies were performed in the 1960s, before
CT became available, and were not conducted in

a randomized double-blind fashion [44]. Their re-
sults and interpretation may have been subjected
to criticism. Current clinical trials aimed to ad-
dress this same issue have failed to show the ben-

efit of using warfarin over aspirin in preventing
recurrent ischemic stroke.

The Stroke Prevention in Reversible Ischemia

Trial, which compared high-intensity oral anti-
coagulation (INR: 3–4.5) with aspirin at a dosage
of 30 mg/d in patients who had a recent TIA or

minor stroke, was terminated prematurely be-
cause of a high rate of major hemorrhage in the
warfarin group [45]. More recent trials have com-

pared lower intensity anticoagulation with aspirin.
The WARSS was a multicenter, double-blind,

randomized trial that enrolled a total of 2206
patients between the ages of 30 and 85 years who

had an ischemic stroke in the past 30 days with
a Glasgow Coma Scale score of 3 or more, and
randomized thesepatients to takewarfarin toan INR

of 1.8 to 2.4 or aspirin at a dosage of 325 mg/d
[46]. These patients had to be acceptable candi-
dates for warfarin therapy and did not have

a high-risk cardioembolic source or an indica-
tion for endarterectomy. The primary end points
in this study were death or a recurrent ischemic
event. The study demonstrated that warfarin is
not superior to aspirin, with the end point
events occurring in 17.8% of patients treated
with warfarin and in 16% of patients treated

with aspirin. The incidence of major hemorrhage
was found to be low, with a rate of 2.22 per 100
patient-years in the patients treated with warfa-

rin and 1.49 per 100 patient-years in the patients
treated with aspirin.

The antiphospholipid antibodies and subse-

quent thrombo-occlusive events in patients with
ischemic stroke study is a prospective cohort
within the WARSS that included 1770 (80%) of

2206 WARSS patients tested for antiphospholipid
within 90 days of their event and before random-
ization [47]. A total of 41% of these patients were
classified as antiphospholipid-positive. The trial

did not show an increased risk for death or subse-
quent vascular occlusive events over 2 years in
antiphospholipid-positive patients (24.2% in anti-

phospholipid-positive patients and 24% in anti-
phospholipid-negative patients) or any difference
in the response to treatment with warfarin or aspi-

rin in antiphospholipid-positive patients (26.2%
in the warfarin group versus 22.2% in the aspirin
group). The authors of the report advised that the

results of the study cannot definitively state that
no such relation exists for younger patients who
have a stroke, who may have other features of
the antiphospholipid syndrome, or with multiple

cerebrovascular events. The result of this trial
has been criticized because of the use of low-inten-
sity INR. A double-blind randomized trial, how-

ever, did not demonstrate lower event rates, with
INRs of 3 to 4 compared with INRs of 2 to 3 [48].

Another clinical trial comparing the efficacy of

warfarin with aspirin was the Warfarin Aspirin in
Symptomatic Intracranial Disease trial, a prospec-
tive, double-blind, multicenter trial that specifi-
cally studied a population with angiographically

proved symptomatic intracranial stenosis. Pa-
tients were treated with warfarin at a dose ad-
justed to maintain an INR between 2 and 3 or

with aspirin at a daily dose of 1300 mg. The
primary end point was ischemic stroke, brain
hemorrhage, or death from vascular causes other

than stroke. The study was prematurely stopped
in July 2003, however, when 569 patients had been
randomized, and the average length of follow-up

was 1.8 years on the recommendation of the
external Performance and Safety Monitoring
Committee [49]. The study found that the adverse
events (eg, death, major hemorrhage, myocardial

infarction), or sudden death, were significantly
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higher in patients treated with warfarin (9.7%,
8.3%, and 7.3%, respectively) when compared
with the aspirin-treated group, in which adverse

events were comparatively lower (4.3%, 3.2%,
and 2.9%, respectively). The rates of death occur-
ring from vascular causes and death occurring
from nonvascular causes were 5.9% and 3.8%, re-

spectively, in the warfarin-treated group as com-
pared with the aspirin-treated group, which
showed rates of 3.2% and 1.1%, respectively. Fi-

nally, the primary end points, such as ischemic
stroke, brain hemorrhage, or death from vascular
causes other than stroke, occurred in 22.1% of pa-

tients on aspirin and in 21.8% of those treated
with warfarin. The data strongly suggested an ad-
verse outcome in patients treated with warfarin
when compared with aspirin, and this was the rea-

son for the early termination of this study.
Warfarin should not be routinely prescribed as

a first-line agent in patients who have ischemic

stroke without a definite cardioembolic source of
emboli. For patients who have prothrombotic
disorders, oral anticoagulation with warfarin

may be superior to antiplatelet agents to prevent
recurrent ischemic events [50].
Acute stroke treatment with thrombolytics,

anticoagulants, antiplatelet agents,

neuroprotection, and mechanical devices

Acute stroke therapy is targeted at restoring
perfusion to ischemic tissue by thrombolysis of an
obstructing clot or limiting the ischemic cascade

of biochemical events by means of neuroprotec-
tive agents. The former has demonstrated relative
success; the latter has yet to achieve clinical

efficacy in human patients.

Thrombolytic agents

The approval of the use of intravenous re-

combinant tissue plasminogen activator (rt-PA)
by the United States Food and Drug Administra-
tion (FDA) for thrombolysis in patients within the
first 3 hours of acute ischemic stroke came as

a result of large multicenter, randomized, double-
blind, placebo-controlled trials, which investi-
gated its efficacy.

In 1995, the National Institute of Neurological
Disorders and Stroke (NINDS) published the
result of a clinical trial that used rt-PA to treat

ischemic stroke within 3 hours from the onset of
symptoms [51]. This study consisted of 625
patients assigned randomly to placebo or
intravenous rt-PA at dose of 0.9 mg/kg (maximum
dose of 90 mg). Although no significant early ben-
efit was noticed within the first 24 hours of treat-

ment, there was an 11% absolute increase in the
number of patients with little or no deficits among
those receiving rt-PA compared with those receiv-
ing placebo at 3 months. Furthermore, during 12

months of follow-up, the patients who received
rt-PA were more likely to have minimal or no dis-
ability than the patients given placebo [52].

Although the treatment window is 3 hours
long, treatment should be initiated as early as
possible for optimal results. Patients treated

within 90 minutes from the onset of symptoms
have better outcomes than those treated within 90
to 180 minutes from the onset of symptoms. The
benefit of rt-PA persisted despite the greater rate

of symptomatic intracerebral hemorrhage in the
first 36 hours among rt-PA recipients (6.4%
versus 0.6%). Despite the increased risk for

hemorrhage, there was no statistically significant
difference in mortality at 3 months between the
two groups.

The European Cooperative Acute Stroke
Study (ECASS) randomized 620 patients who
had an ischemic stroke to receive a higher dose

of intravenous rt-PA (1.1 mg/kg) or placebo
within 6 hours of stroke onset [53]. There was
no significant benefit of rt-PA over placebo with
regard to neurologic outcome, and rt-PA recipi-

ents had a significantly higher incidence of
parenchymal hemorrhage (19.8% versus 6.5%),
although there was no statistical difference in

mortality at 30 days. The ECASS II randomized
800 patients who had an ischemic stroke to receive
intravenous rt-PA at a dose of 0.9 mg/kg or pla-

cebo within 6 hours of symptom onset. The results
showed no significant benefit for patients treated
with rt-PA at the end of 90 days. Subsequent
post hoc analysis, however, suggested benefit in

patients treated within 3 hours of stroke onset.
The incidence of rt-PA–related parenchymal hem-
orrhage was similar to that found in the earlier

NINDS trial [54].
The Alteplase ThromboLysis for Acute Non-

interventional Therapy in Ischemic Stroke study

randomized 547 patients to treatment with in-
travenous rt-PA at a dose of 0.9 mg/kg or placebo
within 3 to 5 hours after symptom onset [55].

There was no significant benefit of rt-PA treat-
ment versus placebo with regard to excellent neu-
rologic recovery, but there was a significantly
increased risk for symptomatic intracerebral hem-

orrhage (7% versus 1.1%).
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The Standard Treatment with Alteplase to
Reverse Stroke trial subsequently confirmed the
clinical benefit of rt-PA shown in the NINDS trial
and the ability of community physicians to

administer rt-PA to patients who have an acute
stroke safely [56]. Strict adherence to the guide-
lines of the NINDS protocol is essential for safe

rt-PA administration. Unfortunately, only a small
fraction of patients who have an acute ischemic
stroke currently meet the NINDS criteria for

thrombolysis. Efforts have been directed toward
public and professional education and establish-
ing systems of organized evaluation and treatment

of patients who have an acute stroke.
Conditions like migraine and seizure, which

may mimic stroke, and occlusive small artery
disease, large-artery atherosclerosis without

thrombosis, and arterial dissections do not benefit
from rt-PA but, instead, unnecessarily increase the
risk for intracerebral hemorrhage. Such a risk has

prompted many physicians first to document
occlusive lesions with vascular imaging (MRI or
magnetic resonance angiography) in addition to

brain imaging before administering rt-PA [57].
Another concern that may have an impact on

the safety and effectiveness of rt-PA is age. In the

NINDS trial, increasing age was not an indepen-
dent predictor of intracerebral hemorrhage. Age,
however, did emerge as a predictor of parenchy-
mal bleeding in post hoc analysis in the ECASS

trial [58]. A retrospective study of 189 patients
older than the age of 80 years examined whether
rt-PA poses an increased risk to the elderly and

found no differences in the incidence of bleeding
or functional outcome in such patients compared
with their counterparts younger than 80 years of

age. The study was limited by the low sample
number, the absence of long-term follow-up, and
a selective patient population primarily managed
by stroke specialists, however [59]. Larger pro-

spective studies are needed to verify these findings.
Although rt-PA may pose no additional risks to
the elderly for the treatment of stroke, increasing

evidence suggests that it does increase the rate of
intracerebral hemorrhage for the treatment of
myocardial infarction in this patient group.

The Desmoteplase in Acute Ischemic Stroke
trial is a promising therapeutic option that may
allow a longer treatment window and, possibly,

fewer hemorrhagic side effects because of the
highly fibrin-specific nature of desmoteplase.
This trial was a placebo-controlled, double-blind,
randomized, dose-finding phase II trial that in-

cluded 104 patients within 3 to 9 hours of their
ischemic stroke, with National Institutes of
Health Stroke Scale (NIHSS) scores of 4 to 20
and MRI evidence of perfusion-diffusion mis-
match [60]. In part 1 of the trial, 47 patients

were randomized to fixed doses of desmoteplase
(25, 37.5, or 50 mg) or placebo; this phase was ter-
minated because of high rates of symptomatic

intracranial hemorrhage with desmoteplase
(26.7%). Lower weight-adjusted doses escalating
through 62.5, 90, and 125 mg/kg were then subse-

quently investigated in 57 patients (referred to as
part 2). The safety end point was the rate of symp-
tomatic intracranial hemorrhage, whereas the effi-

cacy end points were the rate of reperfusion on
MRI after 4 to 8 hours and clinical outcome as as-
sessed by the NIHSS, modified Rankin Scale, and
Barthel Index at 90 days. Part 2 demonstrated

a symptomatic intracranial hemorrhage rate of
only 2.2%, whereas the reperfusion rate was up
to 71.4% with the 125-mg/kg dose in patients

treated with desmoteplase as compared with
only 19.2% in patients treated with placebo. In
a dose-response manner, a higher favorable 90-

day clinical outcome was observed in patients
treated with desmoteplase at 125 mg/kg (60%) ver-
sus 62.5 mg/kg (13.3%) compared with 22.2% of

patients treated with placebo. Early reperfusion
correlated favorably with clinical outcome. A fa-
vorable outcome occurred in 52.5% of patients
experiencing reperfusion versus 24.6% of patients

without reperfusion.
Intra-arterial thrombolytic therapy

There are no drugs currently approved by the

FDA for intra-arterial treatment of acute ischemic
stroke, and such therapy is not standard. At
present, this technique is used most commonly

for patients who have an occlusive disease of
a major anterior (internal carotid or middle
cerebral) artery or the basilar artery. Trials have

been performed to evaluate the efficacy of the
urokinase precursor prourokinase. The Prolyse in
Acute Cerebral Thromboembolism I trial was
a phase 2 prospective, randomized, double-blind,

placebo-controlled study to evaluate intra-arterial
administration of recombinant prourokinase for
treatment of acute ischemic stroke caused by

middle cerebral artery occlusion [61]. Significant
recanalization was achieved with prourokinase
treatment, although 15% of the treated patients

experienced intracerebral hemorrhage compared
with 7% of control patients, which was not
significant. The Prolyse in Acute Cerebral
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Thromboembolism II trial, a phase 3 trial, also
showed significant improvement in outcome with
prourokinase treatment [61]. Because of nonavail-

ability of urokinase and prourokinase in the US
market, however, most medical centers have
been using rt-PA for intra-arterial stroke therapy.
This use is primarily based on its easy availability

and its acceptance as an intravenous therapy for
acute stroke.

Recently, the efficacy and safety of a combined

intravenous and intra-arterial treatment approach
in patients who have an acute ischemic stroke
were demonstrated in the Interventional Manage-

ment of Stroke Study. This study was a multicen-
ter, open-label, single-arm pilot study that treated
80 patients with a median baseline NIHSS score
of 18 with intravenous rt-PA within the first 3

hours of symptom onset and with an additional
intra-arterial dose of rt-PA delivered at the site of
angiographically proved thrombus [62]. The intra-

venous–intra-arterial approach was found to be
equally safe and effective as the intravenous ap-
proach. Patients in the Interventional Manage-

ment of Stroke Study had a better 90-day
outcome compared with the patients in the pla-
cebo arm of the NINDS trial. A randomized trial

of combined intravenous–intra-arterial recanali-
zation compared with standard intravenous rt-
PA is planned.
Anticoagulants

Many patients who miss the therapeutic win-
dow period of 3 hours or do not meet the criteria
for thrombolytic therapy are sometimes treated

with intravenous heparin to prevent stroke pro-
gression or recurrence. Recent trials have evalu-
ated the efficacy and risks related to treatment

with heparin, heparinoids, and low-molecular-
weight heparin in these patients who have an
acute ischemic stroke.

The International Stroke Trial was a large,
multicenter, randomized, open trial of 19,435
patients treated within 48 hours of the onset of
ischemic stroke. Patients were randomized to

receive one of the four treatment regimens: (1)
aspirin alone at a dose of 300 mg, (2) subcutane-
ous heparin at two doses (5000 U or 12,500 U)

twice a day, (3) aspirin plus heparin, or (4) no
aspirin and no heparin. Treatment was continued
during their hospitalization, up to 14 days [63].

Outcome was determined by telephone interview
at 6 months. None of the treatments offered
significant benefit in the two primary outcomes:
death from any cause during the treatment period
or death or dependency at 6 months. The Interna-
tional Stroke Trial came under a lot of criticism

because of flaws in the study design that may
have created a bias against heparin, including pos-
sible inclusion of patients who have a hemorrhagic
stroke, because a CT scan was not an entry re-

quirement (only 67% of patients obtained a CT
scan), increased attention to possible bleeding in
patients receiving heparin because treatment allo-

cation was open, and the lack of monitoring of co-
agulation parameters in patients receiving heparin
[64].

The Trial of ORG 10,172 in Acute Stroke
Treatment was a prospective, multicenter, double-
blind, placebo-controlled study of 1280 patients
who had an ischemic stroke comparing the

efficacy of the low-molecular heparinoid danapa-
roid with placebo [65]. Patients were randomized
within 24 hours of symptom onset to receive intra-

venous danaparoid or placebo for 7 days. Daily
dose adjustments were made based on factor Xa
measurements. The primary outcome was based

on the assessment of the modified Barthel Index
and the Glasgow Outcome Scale at 3 months. Re-
sults showed no clear benefit of danaparoid ther-

apy over placebo. Danaparoid therapy did not
reduce the risk for stroke progression, which was
seen in 10% of patients treated with danaparoid
versus 9.9% of patients treated with placebo. Da-

naparoid treatment also conferred an increased
risk for extracranial bleeding. Subgroup analysis
of individual stroke subtypes showed a statistically

significant benefit of danaparoid treatment in
patients who had large-artery atherosclerosis. Fa-
vorable outcomes at 7 days were also statistically

more likely in patients with a cardioembolic
stroke subtype, but this did not maintain statisti-
cal significance at 3 months [66].

The initial Hong Kong trial of the low-molec-

ular-weight heparin fraxiparine showed no signif-
icant benefit at 3 months compared with placebo,
but a favorable outcome was realized at 6 months

[67]. To clarify this, the Fraxiparine in Ischemic
Stroke Study, a larger multicenter trial using
a similar study design, was conducted. The results

showed no benefit in the treatment group, with an
associated higher rate of intracerebral hemorrhage
[68].

At present, the benefit of anticoagulation in
acute stroke therapy remains uncertain, as de-
picted by the numerous previously mentioned
trials and because of the potential complications

of hemorrhagic transformation of infarction,
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intracranial and extracranial bleeding, and throm-
bocytopenia. Specifically, older patients have
been found to have a higher risk for heparin-
related bleeding complications [69]. The current

use of heparin in practice is based on the clinical
judgment of the treating physician, after weighing
the potential decrease in thromboembolism

against the potential increase in bleeding risk.
Antiplatelet therapy

Although the effectiveness of heparin therapy
has not been demonstrated by clinical studies,
other trials support the efficacy of aspirin in acute

stroke. Results from two major studies, the In-
ternational Stroke Trial [63] and the Chinese
Acute Stroke Trial [70], suggest that aspirin
started within 48 hours of stroke onset reduces

the risk for stroke recurrence and mortality. The
randomized International Stroke Trial of 19,435
patients, who received aspirin or placebo for 2

weeks after acute stroke, found mortality rates
of 9% and 9.4% and recurrent stroke rates of
2.8% and 3.9% in the aspirin and placebo groups,

respectively. The incidence of hemorrhagic strokes
did not differ between the two groups. The Chi-
nese Acute Stroke Trial, in which 21,106 patients

were randomized to receive aspirin at a dosage of
160 mg/d or placebo for up to 4 weeks, found
mortality rates of 3.3% and 3.9% and recurrent
stroke rates of 1.6% and 2.1% in the aspirin

and placebo groups, respectively. Both trials
demonstrated a small net benefit without any
increased risk for intracerebral hemorrhage if

aspirin is started promptly after the onset of sus-
pected ischemic stroke. If the patient receives
rt-PA, however, aspirin should be delayed for at

least 24 hours. Meta-analysis of these megatrials
further showed aspirin’s beneficial effect in
a wide range of patients. No differences in stroke

reduction were found with respect to age, gender,
blood pressure, stroke subtype, or the presence of
atrial fibrillation. The absolute benefits of aspirin
were the same for the elderly compared with

a younger population [71]. Many diverse mecha-
nisms could explain aspirin’s apparent beneficial
effects on the ischemic brain. Aspirin not only ex-

erts antithrombotic effects, but its antipyretic ac-
tion may protect neurons subjected to ischemic
injury [72]. It remains unknown whether other

antiplatelet agents with their own unique mecha-
nisms of action reduce stroke recurrence in the
acute setting.
Glycoprotein IIb-IIIa is the most important
platelet membrane receptor that mediates the
process of platelet aggregation and thrombus
formation. Newer drugs that block this receptor

play an important role in the treatment of acute
coronary syndromes, whereas previous trials in
patients who have had a stroke have been

disappointing. An ongoing clinical trial, the Ab-
ciximab in Emergent Stroke Treatment Trial-II, is
evaluating the efficacy and safety of abciximab,

a monoclonal antibody against the platelet glyco-
protein IIb-IIIa receptor, in the treatment of acute
ischemic stroke. Some of the advantages of this

trial over previous studies are the longer duration
of therapeutic intervention (6 hours from the
onset of symptoms) and inclusion of patients
who wake from sleep with stroke symptoms in

whom the planned treatment initiation is within 3
hours of awakening. Patients are randomized to
receive abciximab or placebo given as a bolus

(0.25 mg/kg), followed by a 12-hour infusion
(0.125 mg/kg/min [10-mg/min maximum]).
Neuroprotection

Intravenous tissue plasminogen activator
(t-PA) is the only treatment approved by the
FDA for acute ischemic stroke. Unfortunately, it

is well accepted that only a few patients are able to
receive this treatment because of delays in pre-
sentation. As a result, trials have been undertaken
whose goal is to lengthen the ‘‘therapeutic win-

dow’’ safely and provide neuroprotection in
patients who have an acute ischemic stroke.

One such trial sought to reproduce the promise

of the free-radical trapping agent NXY-059 as
a neuroprotective agent when used in combina-
tion with intravenous t-PA in the first 6 hours

after ischemic stroke. This study was conceived as
a result of the Stroke-Acute Ischemic NXY
Treatment I (SAINT I) trial, which demonstrated

a positive trend toward reducing disability in
patients who has an acute ischemic stroke who
received NXY-059 within the first 6 hours after
symptom onset [73]. The larger NXY-059 for the

Treatment of Acute Ischemic Stroke trial, the re-
port of which was published August 2007 in the
New England Journal of Medicine, is a placebo-

controlled trial that enrolled 3306 patients with
acute ischemic stroke. It was designed to demon-
strate that coadministration of intravenous t-PA

and NXY-059 within 6 hours of ischemic stroke
reduced the frequency of symptomatic and
asymptomatic intracerebral hemorrhage. The
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trial, however, did not validate the efficacy of
NXY-059 for this purpose, because there was no
statistically significant difference between this

agent and placebo [73].

Mechanical embolectomy
Although intravenous t-PA is the only FDA-

approved medicine for acute ischemic stroke in

patients who present within 3 hours of onset, the
fact remains that many stroke patients are not
candidates for t-PA because of delayed presenta-
tion. The thrust in treatment of acute stroke is to

provide recanalization of occluded vessels, espe-
cially in patients with large-vessel occlusion, who
are not candidates for intravenous t-PA. To fill

this void and treat a greater number of patients
who have acute stroke, the Mechanical Embolus
Removal trial in Cerebral Ischemia (MERCI) was

conceived [74]. The trial attempted recanalization
in patients up to 8 hours after symptom onset us-
ing the MERCI device. The trial was a single-

armed prospective study that enrolled a total of
151 patients with an aim to demonstrate that the
rate of recanalization in the MERCI exceeded
that of spontaneous recanalization. Patients who

were candidates for intravenous t-PA were ex-
cluded from this trial. Outcome and mortality
were measured in this study, with good outcome

corresponding to a modified Rankin Scale score
of 2 and all-cause mortality. The study demon-
strated that overall mortality was 44%, which is

believed to be partially attributable to the fact
that patients with a higher average National Insti-
tutes of Health Stroke Score (NIHSS) than in
other acute stroke trials were included. It also
revealed a greater recanalization rate of 48% in
patients in whom the device was used.

The Multi MERCI trial followed the MERCI
trial with a newer generation device that demon-
strated higher recanalization rates compared with

the initial device and lower mortality and is
currently extending acute stroke treatment up to
8 hours [75].
Summary

Thrombolytic and antithrombotic agents form
the cornerstone of stroke treatment and preven-

tion (Fig. 2). rt-PA, the only FDA-approved
thrombolytic agent for ischemic stroke to date,
improves the outcome in patients treated within

3 hours of stroke onset. The risk-benefit ratio is
narrow because of an increased risk for bleeding,
but studies do not support a higher risk in the ge-

riatric population. Emerging trials are directed to
extend the therapeutic window and identify agents
that could provide better safety profiles. Large
randomized trials have also highlighted the effec-

tiveness and safety of early and continuous anti-
platelet therapy in reducing atherothrombotic
stroke recurrence. Aspirin has become the antipla-

telet treatment standard against which several
other antiplatelet agents (ticlopidine, clopidogrel,
and aspirin-dipyridamole) have been shown to

be more effective. The prevention of cardioem-
bolic stroke is best accomplished with oral antico-
agulation, barring any contraindications.
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Atrial fibrillation (AF) is a common dysrhyth-
mia, and its prevalence, especially among the

elderly, is expected to increase significantly in
the coming decades [1]. For men and women
40 years of age and older, the lifetime risk for de-

veloping AF is one in four [2]. Because disorga-
nized electromechanical activity can lead to
thrombosis within the left atrium, patients who
have AF at any age have a fivefold increased

risk for stroke. An estimated 15% of all strokes
occur in individuals who have AF [3]. Cerebrovas-
cular accidents related to AF have a 25% 30-day

mortality rate and are more likely to result in sig-
nificant disability than are noncardioembolic
strokes [4–6]. Warfarin has been shown to reduce

the risk for stroke in patients who have AF. De-
spite its proved efficacy, warfarin continues to be
underused, particularly among elderly patients

who are at the highest risk for stroke.
Efficacy of warfarin

During the late 1980s and early 1990s, five
primary prevention trials and one secondary
prevention study yielded consistent results sup-
porting the hypothesis that warfarin can reduce

the risk for stroke among patients who have AF
[7–12]. In a meta-analysis of these studies, Hart
and colleagues [13] determined that compared

with placebo, anticoagulation with a vitamin K
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antagonist, such as warfarin, can effect a 62% re-
duction in the relative risk for stroke among pa-

tients who have AF. A significant proportion of
the strokes reported among the patients assigned
to receive warfarin in these trials occurred among

patients whose anticoagulation was subtherapeu-
tic. Thus, because trial results are derived from
intention-to-treat analyses, it is likely that the
relative risk reduction calculated by Hart and col-

leagues [13] underestimates the power of warfarin
to protect patients who have AF from stroke.
Safety of warfarin

Pooled analysis of the primary stroke pre-
vention trials demonstrates that the annual rate
of major hemorrhage among patients who have

AF treated with warfarin is 2.3% (annual rate of
intracranial hemorrhage [ICH] is 0.3%) [14].
Major hemorrhage was defined slightly differently
in these trials and could be represented by a bleed-

ing event that required a blood transfusion or an
emergency procedure, led to admission, involved
the central nervous system, or resulted in promi-

nent residual impairment. ICH, because it produ-
ces sequelae that are often at least as devastating
as ischemic stroke, may be a more important clin-

ical end point. A recent meta-analysis of six ran-
domized clinical trials indicates that compared
with placebo, oral anticoagulation is associated

with an absolute risk increase of 0.3% per year
for ICH [13]. This is consistent with the report
from a large observational cohort study that the
rate of ICH (per 100 person-years) increased

from 0.23 among patients not taking warfarin to
0.46 among patients who were taking warfarin
ts reserved.
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[15]. These findings (ie, that 1 year of warfarin
therapy produces an estimated one to two addi-
tional ICHs per 1000 patients) have strongly sup-

ported the hypothesis that for most patients who
have AF, the benefits of warfarin substantially
outweigh the risks.
Translating the results of randomized trials into

clinical practice

Despite the proved benefit of warfarin and low

rates of major hemorrhage, warfarin therapy
remains underused in clinical practice [16–21].
The authors of a study assessing the quality of

care received by Medicare beneficiaries during
the period from 1998 to 1999 reported that warfa-
rin is prescribed at hospital discharge to only 42%

to 65% of patients who have documented AF [22].
There may be several reasons why high-quality
evidence of the efficacy of warfarin has not had
a more widespread impact on clinical practice;

concerns have been raised about whether the
findings of randomized controlled trials (which
enrolled highly selected patients who were closely

monitored) can be generalized [23]. Indeed, the
relatively low enrollment rate among patients
screened for the landmark primary prevention
Table 1

Randomized controlled trials evaluating primary stroke preve

Study Design R

AFASAK Warfarin versus ASA

versus placebo

1

BAATAF Warfarin versus no

warfarin (ASA

permitted)

n

Canadian Atrial Fibrillation

Anticoagulation (CAFA)

Warfarin versus placebo n

Stroke Prevention in Atrial

Fibrillation (SPAF)

Group 1: warfarin versus

ASA versus placebo

Group 2: ASA versus

placebo

1

SPINAF Warfarin versus placebo 5

Stroke Prevention using an Oral

Thrombin Inhibitor

in Atrial Fibrillation

(SPORTIF) III

Warfarin versus

ximelagatran

(open label)

3

SPORTIF V Warfarin versus

ximelagatran

(double blind)

3

The five primary prevention studies that established the effi

ity’’ studies (SPORTIF III and V) comparing warfarin with x

Abbreviations: AFASAK, atrial fibrillation, aspirin, anticoa

gulation trial for atrial fibrillation; n.r., not reported; SPINAF
studies raises concerns about the external validity
of the results (Table 1). The paucity of elderly
participants included in placebo-controlled stud-

ies of vitamin K antagonists (see Table 1) is also
important, because older age has repeatedly been
shown to be an independent risk factor for major
bleeding on warfarin [14,24–29]. Some reassur-

ance is provided by the low rates of hemorrhagic
stroke (0.1% and 0.4%, respectively) reported
among the patients assigned to receive warfarin

in two large clinical trials designed to evaluate
ximelagatran: Stroke Prevention using an Oral
Thrombin Inhibitor in Atrial Fibrillation

(SPORTIF V and SPORTIF III) [30,31]. In
SPORTIF V, 42% (n ¼ 820) of patients random-
ized to warfarin were aged 75 years or older, and
33% (n ¼ 565) were in this age range in SPORTIF

III. It is important to point out that for SPORTIF
V and III, 84% and 74% of patients, respectively,
had been taking an oral vitamin K antagonist at

the time of randomization. Thus, most of the
patients included in these trials were already
proved to be at low risk for hemorrhage.

Like the randomized controlled trials, many
observational studies of AF populations have
included relatively few patients older than the age

of 80 years. A notable exception is the
ntion in atrial fibrillation

andomized/screened Age comment

007 of 2546 patients Median age ¼ 74.2 years

.r. 32 of 420 patients

O80 years old

.r. Mean age ¼ 68 years (warfarin),

mean age ¼ 67.4 (placebo)

330 of 18,376 patients 278 of 1330 patients

O75 years old

38 of 7982 patients 88 of 538 patients O75 years

old

410 of 5188 patients 1146 of 3410 patients

R75 years old

922 of 4763 patients 1658 of 3922 patients

R75 years old

cacy and safety of warfarin and two recent ‘‘noninferior-

imelagatran are shown.

gulation; ASA, aspirin; BAATAF, Boston area anticoa-

, stroke prevention in nonrheumatic atrial fibrillation.
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Anticoagulation and Risk Factors in Atrial Fibril-
lation (ATRIA) study, an observational cohort
study involving more than 11,500 adults who had
nonvalvular AF. Themean age of enrolled patients

was 71 years, and 2211 patients taking warfarin
were aged 75 years or older. Treatment with
warfarin was associated with a 51% lower risk

for thromboembolism compared with no warfarin
therapy (no antithrombotic therapy or aspirin),
and the rate of ICH was 0.46% [15].

Although reassuring, studies of prevalent
warfarin use may underestimate the rate of major
hemorrhage, because the early phase of therapy,

which is reported to convey the highest risk, is
often not included. A recent observational cohort
study of individuals starting warfarin for the first
time highlights the complexity of this issue. In

a consecutive series of 472 patients aged 65 years or
older, 7% had a major hemorrhage during the first
year of warfarin treatment [32]. This relatively high

rate of bleeding was likely attributable to the
advanced age of the participants (153 were aged
80 years or older), the restriction of the cohort of

patients newly starting warfarin, and the not infre-
quent use of concomitant antiplatelet therapy. In
summary, further studies are needed to optimize

the benefits of ‘‘real-world’’ anticoagulation ther-
apy among patients older than the age of 80 years.
Antiplatelet agents

Aspirin is an inexpensive, widely available, and

relatively safe medication that has several advan-
tages over warfarin: substantially less potential for
drug-drug or drug-diet interactions, a wider ther-

apeutic index, and no need for coagulation moni-
toring.Although ameta-analysis of six randomized
controlled trials suggests that aspirin therapy does

reduce the risk for ischemic stroke among patients
who have AF, the protective effect associated with
aspirin use is substantially less powerful than that

observed with full-intensity warfarin therapy
(pooled relative risk reductions for warfarin and
aspirin, compared with placebo, are 22% and 62%
respectively) [33]. All six of the individual trials in-

cluded in the meta-analysis demonstrated a trend
favoring aspirin over placebo, but only one of these
studies (the Stroke Prevention inAtrial Fibrillation

[SPAF] study) [9] reported a statistically significant
difference. It is noteworthy that in the SPAF study,
52% of the strokes were nondisabling. When only

the 12 patients who had more severe stroke are
considered, the difference between aspirin and
placebo in the SPAF study is not statistically
significant. The recently published Birmingham
Atrial Fibrillation Treatment of the Aged
(BAFTA) trial reaffirms that warfarin is superior
to aspirin as a stroke prevention strategy among

patients who have AF [34].
The thienopyridine derivative clopidogrel

inhibits platelet function by a mechanism different

from that of aspirin; the combinationof clopidogrel
plus aspirin has been shown to be of significant
benefit forpatientswhohave ischemic heartdisease.

This strategy of combining antiplatelet therapywas
less effective at preventing stroke when compared
with warfarin in the Atrial Fibrillation Clopidogrel

trial with Irbesartan for prevention of Vascular
Events (ACTIVE-W), however [35]. The ACTIVE-
A study, a clinical trial designed to determine
whether clopidogrel plus aspirin is more effective

than aspirin alone (among warfarin-ineligible pa-
tients who have AF), is currently near completion.
Restoring sinus rhythm

Several nonpharmacologic strategies to prevent

stroke in patients who have AF have been pro-
posed; a comprehensive discussion of these is
beyond the scope of this article, but important

results from trials that examined the utility of
a strategy to restore and maintain sinus rhythm in
patients who have AF are worthy of mention.

Cardioversion for patients who have AF has
several theoretic benefits, one of which is the
possibility that if normal atrial electromechanical

activity can be re-established, the risk for cardi-
oembolism might be eliminated and antithrom-
botic therapy would be unnecessary. The strategy
of rhythm control has now been directly compared

with simple rate control in several randomized
clinical trials that enrolled patients who had AF
andwere at risk for stroke [36–40]. In a pooled anal-

ysis that included three of these trials, the frequency
of ischemic stroke in patients assigned to rate con-
trol versus the frequency among patients assigned

to rhythm control was comparable (3.5% versus
3.9%, respectively; odds ratio [OR] ¼ 0.50, 95%
confidence interval [CI]: 0.14–1.83; P ¼ .30) [41].

Based on these results, the hope that restoring sinus
rhythm might obviate the need to anticoagulate
patients who have AF has greatly diminished.
Optimal target international normalized ratio

range

The currently recommended anticoagulation
intensity for stroke prevention in AF is an
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international normalized ratio (INR) of 2.0 to 3.0
[42,43]. Numerous studies have documented an
increased risk for bleeding with an INR of 4.0

or greater (Fig. 1) [5,44]. Compared with patients
whose INR is greater than 2, patients who have
Fig. 1. (A) Relation of OR for ischemic stroke versus INR va

value is an INR of 2.0. The dashed line corresponds to an OR

with warfarin. (From Hylek EM, Skates SJ, Sheehan MA, et a

lactic anticoagulation for patients with nonrheumatic atrial fib

Copyright � 1996, Massachusetts Medical Society.) (B) Re

(PTR) value at, or closest to, the time of the event. In this dis

values for the following intervals: 1.0 to 1.5, 1.6 to 1.7, 1.8 to

interval is 1.0 to 1.5 (median PTR ¼ 1.4). All cases and con

roughly approximated as the square of the PTR value. (From H

orrhage in outpatients taking warfarin. Ann Intern Med 1994
AF whose INR value is less than 2 are at in-
creased risk to have a stroke; furthermore, the
strokes experienced by patients who have AF

with INR values less than 2 are more likely to
result in death or disability (Fig. 2) [5].
lue at, or closest to, the time of the event. The reference

of 1.0. All cases and controls had AF and were treated

l. An analysis of the lowest effective intensity of prophy-

rillation. N Engl J Med 1996;335:544; with permission.

lation of OR for ICH versus prothrombin time ratio

play, the PTR values for the data points are the median

1.9, 2.0 to 2.1, 2.2 to 2.3, and 2.4 to 3.5. The reference

trols were taking warfarin. The INR equivalent can be

ylek EM, Singer DE. Risk factors for intracranial hem-

;120:900; with permission.)



Fig. 2. Kaplan-Meier estimate of survival among non-

valvular patients who have AF during the 30 days after

an ischemic stroke. The patient groups are separated

according to medication status at the time of admission.

(From Hylek EM, Go AS, Chang Y, et al. Effect of

intensity of oral anticoagulation on stroke severity and

mortality in atrial fibrillation. N Engl J Med

2003;349:1024; with permission. Copyright � 2003 Mas-

sachusetts Medical Society.
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Stroke risk assessment for individual patients

Several factors should be considered when de-
termining whether a particular patient who has AF

should receive warfarin therapy to prevent stroke:
his or her baseline risk for stroke, his or her risk for
bleeding on warfarin therapy, the overall burden of
INR monitoring for him or her, and the patient’s

personal preferences. Several models and risk
classification schemes are now available to assist
clinicians in estimating an individual patient’s

annual risk for stroke [45–49]. Although these
models were derived or validated in different popu-
lations, they have consistently identified important

risk factors that are independently associated with
an increased risk for stroke in patients who have
AF. Advancing age, prior stroke, hypertension,
heart failure, diabetes, and female gender are ex-

amples of such risk factors. A useful resource for
estimating an individual patient’s risk for stroke
was derived by Wang and colleagues [49] from

the Framingham Heart Study. The tool is easy to
use and can be found on the Internet [50]. An adap-
ted ‘‘point-based risk estimate’’ for the 5-year risk

for stroke is reproduced in Fig. 3. Using this model,
an 84-year-old woman with a history of diabetes
and prior ischemic stroke would have an estimated

5-year risk for stroke of 48%. In contrast, a 70-
year-old man with well-controlled hypertension
would have a 5-year stroke risk closer to 7%.
Another often used risk classification scheme,
congestive heart failure, hypertension, age O75,
diabetes mellitus, stroke (CHADS2) estimates the
annual risk for stroke of a patient who has AF

based on the presence or absence of five risk fac-
tors (Table 2) [46]. The external validity of the
CHADS2 scheme is good, because the scoring sys-

tem was derived from a cohort of 1733 Medicare
patients who had AF. Although the simplicity of
the mnemonic makes it easy to remember, the

CHADS2 scoring system may provide less precise
risk estimates, because some factors, such as age
and blood pressure, are treated as dichotomous

(rather than continuous) variables.
Improving the safety margin of anticoagulant

therapy

Older age is associated with lower maintenance

doses ofwarfarin [51]. Large initiating doses ofwarfa-
rin should be avoided in older patients. The warfarin
dose schedule should be kept as consistent as possible

tominimize dosing confusion.Clinicians shouldwarn
patients about (and remain vigilant for) medications
known to interact with warfarin, especially amiodar-

one. Circumstantial evidence suggests that for warfa-
rin-treated patients who must take concomitant
aspirin, doses of 100mg or lessmay have themost ac-

ceptable bleeding risk [52]. Anticoagulated patients
who require analgesia should be counseled about
the risks related to combining certain pain-relieving
medications with warfarin. Nonsteroidal anti-inflam-

matory medications, regardless of their selectivity for
cyclooxygenase inhibition, seem to increase the
risk forhemorrhageamongwarfarinusersdthisasso-

ciation is probably related to some combination of
these drugs’ effects on the gastric mucosa and platelet
function [53–55]. In the case of acetaminophen, aug-

mentation of warfarin’s anticoagulant effect through
interference with the enzymes of the vitamin K cycle
has been reported [56,57]. Aggressive blood pressure

control is known to decrease the risk for ischemic
and hemorrhagic stroke; appropriate antihyperten-
sive therapy is especially important among patients
taking anticoagulants [58]. Finally, it is important to

warn patients about the risk for falling while taking
warfarin;measures tominimize the riskof this compli-
cation should be instituted when possible.
Newer antithrombotic strategies

Because warfarin has many negative attributes
(eg, narrow therapeutic window, drug-diet inter-
actions, the need for INR monitoring), several



Fig. 3. This point-based scoring system approximates the predicted 5-year risk for stroke for an individual who has non-

valvular AF. A more precise risk function is available at [50]. (From Wang TJ, Massaro JM, Levy D, et al. A risk score

for predicting stroke or death in individuals with new-onset atrial fibrillation in the community: the Framingham Heart

Study. JAMA 2003;290:1052; with permission.)
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clinical trials examining alternative pharmaco-
logic agents have been undertaken in recent years.
Ximelagatran, an oral anticoagulant (direct

thrombin inhibitor) that does not require coagu-
lation monitoring, has been compared with war-
farin therapy (target INR range: 2.0–3.0) for the

prevention of stroke in patients who have AF. In
two large randomized controlled trials (SPORTIF
III and SPORTIF V) involving 7329 patients,

ximelagatran proved to be at least as effective as
warfarin in the prevention of stroke [30,31]. A pre-
specified pooled analysis of the two studies (one
was open label and one was blind) yielded annual

rates of stroke or systemic embolism equal to
1.65% and 1.62% in the warfarin and ximelaga-
tran groups, respectively (P ¼ .941) [59]. Although

no difference in the risk for major bleeding was
observed, ximelagatran is not available because
of other safety concerns that arose during review

by regulatory agencies. Dabigatran, another oral
direct thrombin inhibitor, is being compared
with warfarin as a stroke prevention agent in

a phase III trial that is nearly complete.
Idraparinux, an injectable indirect inhibitor of

factor Xa, is another anticoagulant recently
studied among patients who have AF. Its pro-
longed half-life permits once-weekly administra-
tion, and its highly predicable bioavailability

precludes coagulation monitoring. A large phase
III study comparing this drug with warfarin was
stopped early because of excessive bleeding in the

idraparinux arm. Several oral direct factor Xa
inhibitors are currently in development; at the
time of this writing, two of these (apixaban and

rivoroxaban) are being studied in phase III AF
stroke prevention trials.
Nonpharmacologic approaches

Other nonpharmacologic strategies for pro-
tecting patients who have AF from stroke (eg,

the ‘‘maze’’ procedure, pulmonary vein isolation,
occlusion or removal of the left atrial appendage,
deployment of a polytetrafluoroethylene mem-

brane) are being studied and have been described
elsewhere [60–64]. At least one center has reported
remarkably high rates of restoring (and maintain-

ing) sinus rhythm using electrical ablation tech-
niques [65]. To the authors’ knowledge, however,
there is no published high-quality evidence



Table 2

Risk for stroke in the National Registry of Atrial Fibril-

lation participants, stratified by CHADS2 Score
a

CHADS2
score

No.

patients

(N ¼
1733)

No.

strokes

(N ¼
94)

NRAF

crude

stroke rate

per 100

patient-

years

NRAF

adjusted

stroke rate

(95% CI)b

0 120 2 1.2 1.9 (1.2–3)

1 463 17 2.8 2.8 (2–3.8)

2 523 23 3.6 4 (3.1–5.1)

3 337 25 6.4 5.9 (4.6–7.3)

4 220 19 8 8.5 (6.3–11.1)

5 65 6 7.7 12.5 (8.2–17.5)

6 5 2 44 18.2 (10.5–27.4)

Abbreviation: NRAF, National Registry of Atrial

Fibrillation.
a CHADS2 score is calculated by adding 1 point for

recent congestive heart failure, hypertension, age at least

75 years, or diabetes mellitus, and adding 2 points for

having had a prior stroke or transient ischemic attack.
b The adjusted stroke rate is the expected stroke rate

per 100 patient-years from the exponential survival

model, assuring that aspirin was not taken.

From Gage BF, Waterman AD, Shannon W, et al.

Validation of clinical classification schemes for predict-

ing stroke: results from the National Registry of Atrial

Fibrillation. JAMA 2001;285:2867; with permission.
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demonstrating that any of these approaches re-
duce the risk for stroke in an unselected popula-
tion that has AF.
Summary

Warfarin is highly effective at reducing the risk
for stroke in AF. The benefit of oral anticoagulant
therapy strongly outweighs the risk in most

patients who have AF. More data are needed to
define the overall risk-to-benefit ratio better for
patients aged 80 years and older. Because a signif-

icant proportion of elderly individuals may not be
optimal candidates for anticoagulant therapy, we
must continue to evaluate alternative stroke pre-
vention strategies while redoubling our efforts to

understand the mechanisms underlying AF and
thrombogenesis.
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Despite encouraging trends during the past 3
decades, coronary heart disease remains the lead-
ing cause of death in the United States and other
industrialized countries. Data from the National

Center for Health Statistics and the National
Heart, Lung, and Blood Institute [1] emphasize
the full dimensions of this health problem, reveal-

ing that nearly 13 million Americans have coro-
nary heart disease and that 7.5 million have had
a myocardial infarction (MI). Because 1.1 million

MIs occur in the United States alone each year,
and because 450,000 of them are recurrent infarc-
tions, which carry an inherently greater risk of

death and disability than first events, the impor-
tance of secondary prevention strategies that can
be implemented widely is unparalleled in health
care. Antithrombotic therapies, both antiplatelet

and anticoagulant, have become the mainstays
of these strategies. This article covers the use of
chronic antiplatelet and anticoagulation agents

after MI. It does not include the management of
these patients in the acute phase.

Pathogenesis

Rupture of an atherosclerotic plaque is the
usual initiating event in an acute coronary
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syndrome (ACS), leading to subsequent thrombus
formation. Persistent thrombotic occlusion results
in acute MI [2]. Platelets play an important role in
this process. Intimal injury caused by plaque rup-

ture exposes collagen and von Willebrand’s factor
to which circulating platelets adhere [3]. Follow-
ing adhesion, multiple metabolic pathways are

stimulated within the platelet, resulting in the pro-
duction and release of thromboxane A2, ADP,
and other substances from platelet granules.

These platelet products stimulate further platelet
recruitment, activation, and vasoconstriction;
they also lead to platelet aggregation by activating

the glycoprotein IIb-IIIa (GP IIb-IIIa) complex,
which binds platelets to one another through link-
age with fibrinogen molecules [4]. Aggregating
platelets form the core of the growing thrombotic

mass, with upstream or downstream propagation
of fibrin and red blood cell–rich clot [5]. Platelet-
rich thrombi are more resistant to clot lysis than

red blood cell–rich thrombi, and, if lysis occurs,
platelet-rich thrombi promote the development
of reocclusion [6]. Even after successful reperfu-

sion, the ruptured plaque remains supportive of
additional platelet activation and aggregation,
predisposing to cyclical coronary flow [7] or frank
thrombotic reocclusion [8]. Changes in platelet

function also have been observed after primary per-
cutaneous coronary intervention in patients who
have an acute ST-segment elevation MI (STEMI)

[9]. There is a transient reduction in platelet activity
8 hours after angioplasty associated with a fall in
the platelet count that probably is caused by
ts reserved.
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Box 1. Classification of antiplatelet
agents

1. Aspirin and related compounds
(nonsteroidal anti-inflammatory drugs
and sulfinpyrazone) block
cyclo-oxygenase (prostaglandin H
synthase), the enzyme that mediates
the first step in the biosynthesis of
prostaglandins and thromboxanes
(including thromboxane A2) from
arachidonic acid [10].

2. The thienopyridines clopidogrel and
ticlopidine achieve their antiplatelet
effect by blocking the binding of ADP
to a specific platelet receptor, thereby
inhibiting the activation of the
GP IIb-IIIa complex and platelet
aggregation [11].

3. GP IIb-IIIa antibodies and receptor
antagonists inhibit the final common
pathway of platelet aggregation
(the cross-bridging of platelets by
fibrinogen binding to the GP IIb-IIIa
receptor) and also may prevent initial
adhesion to the vessel wall [12].

GP IIb-IIIa antibodies and receptor
antagonists are used in the acute
management of MI. This article does
not discuss GP IIb-IIIa antibodies and
receptor antagonists any further,
because the focus is on chronic
antithrombotic therapy in post-MI
patients.
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sequestration of hyperactive platelets. Twenty-four
to 48 hours after angioplasty, however, there is an
increase in platelet activation with in vitro evidence

of hyperaggregability and enhanced adherence to
endothelial cells. It is possible that these changes
increase the risk of thrombotic reocclusion of the
recanalized infarct-related artery. They also consti-

tute part of the rationale for aggressive antiplatelet
therapy in such patients.

Treatment

Antithrombotic therapies, both antiplatelet

and anticoagulant, have become the mainstays
of strategies for preventing reocclusion in patients
who have had an MI. This article discusses the

studies of antiplatelet agents, in particular aspirin
and clopidogrel, and anticoagulants, in particular
vitamin K antagonists (VKAs) and oral direct
thrombin inhibitors.

Antiplatelet agents

Antiplatelet agents interfere with a number of
platelet functions, including aggregation, release
of granule contents, and platelet-mediated vascu-

lar constriction. They can be classified according
to their mechanism of action (Box 1) (Fig. 1).

Aspirin

Aspirin has been used in primary and second-
ary prevention of coronary heart disease, transient

ischemic attack, and stroke and in the acute
therapy of patients who have an ACS. The anti-
platelet activity of aspirin is mediated by inhibition

of the synthesis of thromboxane A2 [10]. Throm-
boxane A2 is released by platelets in response to
a number of agonists, amplifying the platelet re-
sponse that leads to aggregation. Aspirin irrevers-

ibly acetylates and inactivates cyclo-oxygenase,
which catalyzes the first step of the conversion of
arachidonic acid to thromboxane A2 [11,12]. The

functional defect induced by aspirin persists for
the life of the platelet. An increase in arterial wall
shear stress, however, as may occur with an acute

hypertensive episode or plaque rupture, can re-
verse the antithrombotic effect of aspirin [13].

Clinical trials

The Antithrombotic Trialists’ Collaboration
reviewed the effect of antiplatelet therapy, mostly

aspirin, in 12 trials of more than 5000 patients
who had a non–ST elevation ACS [14]. Antiplate-
let therapy produced a significant 46% reduction
in the combined end point of subsequent nonfatal
MI, nonfatal stroke, or vascular death (8% versus
13.3%). The range of findings is illustrated by the

following clinical trials that evaluated different
types of therapy.

The VA Cooperative Study was a multicenter,

double-blind, randomized trial that compared
aspirin (75–325 mg/d) with placebo in 1266 men
who had a non–ST elevation ACS (rest angina
or new-onset angina occurring with minimal phys-

ical activity). Aspirin lowered the incidence of
death or acute MI by 51% (5% versus 10.1%)
[15]. Although therapy was discontinued after

12 weeks, the mortality rate remained 43% lower
after 1-year follow-up in the aspirin group.

A double-blind, randomized Canadian multi-

center trial compared four regimens in 555 patients



Fig. 1. Mechanism of action of antiplatelet agents. Clopidogrel and ticlopidine block the binding of ADP to the type

2 purinergic receptor and subsequently prevent platelet aggregation. (From Sharis PJ, Cannon CP, Loscalzo J. The

antiplatelet effects of ticlopidine and clopidogrel. Ann Intern Med 1998;129:395; with permission.)
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who had a non–ST elevation ACS (rest or
crescendo angina): aspirin (325 mg/d); sulfinpyra-

zone (200 mg four times per day); combination
therapy; or placebo [16]. Treatment was initiated
within 8 days after hospitalization and continued

for 18 months. Aspirin administration resulted
in a 9% benefit when compared with placebo
and a 71% reduction in mortality and a 51% re-

duction in the combined end point of death or
nonfatal MI when compared with placebo. There
was no observable benefit with sulfinpyrazone,

given alone or in combination with aspirin.
The Research Group on Instability in Coronary

Artery Disease in Southwest Sweden (RISC) trial
randomly assigned 796 patients who had a non–ST

elevation ACS to low-dose aspirin (75 mg/d), hepa-
rin (5 days of intermittent intravenous infusion), or
placebo [17]. Compared with placebo, aspirin was

associated with a highly significant reduction in the
combined end point of acute MI or death at 5, 30,
and 90 days of treatment. The absolute benefit at

90 days was approximately 12% (6.8% versus
18.8%); one of every eight treated patients avoided
a cardiovascular event at 90 days. Prolonged fol-
low-up showed that the benefit of low-dose aspirin

was maintained after 1 year of therapy [17].

Dose and duration of aspirin therapy

In the Antithrombotic Trialists’ Collaboration,
the most widely tested regimen in the secondary
prevention trials was medium-dose aspirin
(75–325 mg/d). Neither higher aspirin doses nor

other antiplatelet drugs were more effective than
daily aspirin in this dose range [14]. There was in-
sufficient evidence to confirm the efficacy of doses

below 75 mg/d. A dose of 75 to 150 mg/d may pro-
vide optimal efficacy while limiting toxicity. In the
Antithrombotic Trialists’ Collaboration overview,

aspirin at a dose of 75 to 150 mg/d was as effective
as a dose of 150 to 325 mg/d [14]. Optimal dura-
tion of therapy has not been tested in a prospec-

tive, randomized fashion. The benefit in patients
who had unstable angina was even greater (8%
versus 13.3%) [14]. Prolonged therapy seems to
be warranted.

Clopidogrel

Clopidogrel has been studied more extensively
than ticlopidine in patients who had a non–ST
elevation ACS. Clopidogrel blocks the binding of
ADP to a specific platelet receptor, thereby

inhibiting the activation of the GP IIb-IIIa
complex and platelet aggregation [10].

The efficacy of clopidogrel was evaluated in the

Clopidogrel in Unstable Angina to Prevent Recur-
rent Events (CURE) trial, which randomly as-
signed 12,562 patients who presented within

24 hours after the onset of a non–ST elevation
ACS to aspirin alone (75–325 mg/d) or to clopi-
dogrel (300-mg loading dose followed immediately



Box 2. Recommendations

� In most health care settings, for
moderate and low-risk patients who
have had an MI, the authors
recommend aspirin alone at a dose of
75 to 150 mg once a day for an
indefinite duration.
� The combination of aspirin and

clopidogrel might be more beneficial
than aspirin alone, but it might not be
a good option in geriatric patients,
who are already at increased risk of
bleeding.
� Clopidogrel should be administered to

patients who cannot take aspirin
because of hypersensitivity or
gastrointestinal intolerance.
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by 75 mg/d) and aspirin (75–325 mg/d); most were
at increased risk because of ECG changes (mostly
ST depression of 1 mm or T wave inversion of

2 mm) or elevated cardiac enzymes [18]. The pri-
mary end point was cardiovascular death, MI, or
stroke. At an average follow-up of 9 months, com-
bination therapy was associated with reductions in

the primary end point (9.3% versus 11.4% for
aspirin alone), largely caused by fewer nonfatal
MIs (5.2% versus 6.7%).

Clopidogrel was associated with modest re-
ductions in the incidence of severe or refractory
in-hospital ischemia, in-hospital heart failure, and

need for a revascularization procedure and with
a significant increase in major bleeding (3.7%
versus 2.7%) but not in life-threatening bleeding
or hemorrhagic stroke.

A subsequent analysis from the CURE trial
evaluated the time course of benefit of clopidogrel
[19]. Evidence of benefit began to emerge within

24 hours and gradually increased in magnitude
during the first 30 days (4.3% versus 5.4% inci-
dence of the primary end point; relative risk

0.79). The benefit continued to increase from
31 days to 1 year (5.2% versus 6.3% incidence of
new events; relative risk 0.82). There was no signif-

icant excess of late life-threatening bleeding, but
there was a small excess of major bleeds (5/1000)
that was much smaller than the total cardiovascu-
lar benefit at 1 year (22/1000) (Box 2).

Anticoagulants

This section reviews the role of VKAs and oral
direct thrombin inhibitors in secondary preven-
tion of coronary artery disease.

Vitamin K antagonists

Pharmacology
Coagulation factors II, VII, IX, and X require

g-carboxylation of glutamate residues to trans-

form them into their active, procoagulant forms
[20]. This modification is performed directly by
the enzyme vitamin K–dependent carboxylase.
Two other enzymes, vitamin K reductase and vita-

min K epoxide reductase, supply the reduced form
of vitamin K (vitamin KH2) necessary for the
g-carboxylation reaction. Both enzymes are sensi-

tive to the inhibitory actions of VKAs, with
vitamin K epoxide reductase more so than vita-
min K reductase. The anticoagulation produced

with VKAs derives from this indirect inhibition
of the g-carboxylation of coagulation factors
II, VII, IX, and X. The result is the hepatic
production of these coagulation factors with
greatly reduced activity. Proteins C and S, which
have anticoagulant properties, require similar
g-carboxylation to transform into their active

forms and are inhibited by VKAs. Anticoagula-
tion through the inhibition of the coagulation
pathway is the overall clinical manifestation of

VKA administration.

Treatment
Several studies have been conducted in recent

years to establish the clinical benefits of VKAs for

chronic anticoagulation in patients after MI,
either in addition to or instead of traditional
treatment with aspirin. The most widely studied

VKA has been warfarin. Although the theoretic
benefits of warfarin in the patient who has had
a MI have been largely recognized, successful

translation to clinical practice has been somewhat
indeterminate. Because of the complex pharma-
cokinetics and pharmacodynamics of warfarin,

maintaining international normalized ratios
(INRs) in the therapeutic range has proved
relatively troublesome. Studies have shown that
variations in the expression of genes for enzyme

complexes such as vitamin K epoxide reductase
are responsible for the variations in dose response
in different warfarin-treated patients [21]. In addi-

tion to genetic variations that predispose certain
patients to increased sensitivity or resistance, nu-
merous environmental factors affect the biologic

activity of warfarin [20]. When combined with
warfarin, many drugs, including herbal medicines,
increase or decrease the level of anticoagulation
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drastically by altering either the absorption of war-
farin or its metabolism and clearance from the
body. Also, drugs that affect platelet activity,
such as aspirin and nonsteroidal anti-inflammatory

drugs, can potentiate the already increased risk of
bleeding in patients receiving warfarin. Other
environmental factors that may affect the biologic

activity of warfarin include changes in disease
states, including hepatic dysfunction or hypermet-
abolic conditions; changes in dietary intake of

vitamin K; and noncompliance or dosing errors.
The cause of over- and underanticoagulation in
patients receiving warfarin often cannot be deter-

mined, as outlined by a recent study that undertook
extensive evaluation of this matter [22].

The difficulties with warfarin treatment are
exacerbated in the geriatric population. The

elderly generally are more likely to be taking
multiple prescription drugs and herbal medicines,
increasing the risk of interactions with warfarin

[23]. The elderly also are more likely to have con-
comitant diseases (eg, reduced metabolic clear-
ance from hepatic dysfunction) that may alter

the pharmacokinetics of warfarin. Other possible
ways in which increasing age indirectly may create
more problems when administering warfarin are

inconsistency of diet and activity, decreased cog-
nitive abilities leading to increased risk of non-
compliance or dosing errors, and overall lower
body weights. Wittkowsky and coworkers [24]

showed that patients aged 65 years or older expe-
rience warfarin-related major bleeding events at
a mean INR of 1.1 units lower than patients youn-

ger than 65 years. The recently published Birming-
ham Atrial Fibrillation Treatment of the Aged
(BAFTA) study in high-risk elderly patients

(mean age, 81.5 years), however, showed that
the frequency of major stroke, arterial embolism,
and intracranial hemorrhage was significantly
lower (1.8% versus 3.8%) in patients taking war-

farin than in those treated with aspirin [25].
The Coumadin Aspirin Reinfarction Study

(CARS) proposed that warfarin at a low fixed

dose in addition to aspirin would give more
clinical benefit than aspirin monotherapy in the
prevention of nonfatal MI, nonfatal ischemic

stroke, and cardiovascular death in patients who
had had MI [26]. A total of 8803 patients who had
had either non-STEMI or STEMI were assigned

randomly to three groups: (1) 160 mg aspirin,
(2) 80 mg aspirin plus 1 mg warfarin, or (3)
80 mg aspirin plus 3 mg warfarin. Median time
of follow-up was 14 months. Although there was

no age exclusion in CARS, the mean age of the
study population was relatively young, 59 � 11
years. The results showed no significant differ-
ences in the rates of these primary events among
the three groups. Median INRs in the 1-mg warfa-

rin group were 1.06, 1.05, and 1.04 at weeks 1 and
4 and month 6, respectively. Median INRs in the
3-mg warfarin group were 1.51, 1.27, and 1.19 at

weeks 1 and 4 and month 6, respectively. This
study showed low rates of major bleeding events
in all three groups, although there were signifi-

cantly more events in the 3-mg warfarin group
than in the aspirin monotherapy group. The
CARS investigators concluded that the addition

of low fixed doses of warfarin, either 1 mg or
3 mg, to aspirin provided no clinical benefit for
patients after MI.

In the Organization to Assess Strategies for

Ischemic Syndromes study, a two-phase substudy
was performed to examine the effect of adding
warfarin to standard therapy in patients who had

had either an episode of unstable angina or non-
STEMI [27]. The first phase compared standard
therapy versus 3 mg of warfarin (mean INR,

1.48) plus standard therapy in 309 patients. A to-
tal of 87% of patients in each group received aspi-
rin as part of the standard therapy. In this study

the mean age was slightly older than in the
CARS: 65 � 12 years in the standard therapy
group , and 63 � 10 years in the warfarin group.
Follow-up time was 6 months. Similar to CARS,

this study showed no significant differences in
the composite primary outcome of cardiovascular
death, new MI, and refractory angina in the two

groups. This study also showed a low rate of
major bleeding events in both groups, although
there was a trend toward increased major bleeding

events in the warfarin group. A significantly
higher rate of minor bleeding events was reported
in the warfarin group. Twenty-nine percent of the
patients assigned to the warfarin group discontin-

ued therapy during the study for a variety of
reasons.

In the second phase, the protocol was modified

to target an increase in INR with the belief that
this increase could provide a clinical difference.
Standard therapy was compared with moderate-

intensity dose-adjusted warfarin (mean INR, 2.3)
plus standard therapy in 197 patients, with 85%
of patients in each group receiving aspirin as part

of the standard therapy. The mean age in both
groups was 64 � 12 years. Follow-up time was
3 months. The results of the second phase showed
a trend toward decreasing rates of the composite

primary outcome of cardiovascular death, new
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MI, and refractory angina in the warfarin group.
Again, low rates of major bleeding events were
reported in both groups; this time there were no

significant differences in major bleeding events in
the two groups. There was a significantly higher
rate of minor bleeding events in the warfarin
group. Fifty-two percent of the patients assigned

to the warfarin group discontinued therapy during
the study for a variety of reasons. Pertinent to the
focus of this article, follow-up time in both phases

of the Organization to Assess Strategies for
Ischemic Syndromes study was relatively short,
with the first phase lasting only 6 months and the

second phase lasting only 3 months. The applica-
tion of these results to a more chronic clinical
setting is somewhat indeterminate.

The nextmajor trial that investigated the clinical

benefits of warfarin was the Combined Hemother-
apy and Mortality Prevention (CHAMP) study. A
total of 162mg of aspirin was comparedwith 81mg

of aspirin plus dose-adjusted warfarin (mean INR,
1.8) in 5059 patients who had had either non-
STEMI or STEMI [28]. The median age was

62 years, and the median follow-up time was
2.7 years. This study found no significant difference
between the two groups in the primary outcome of

all-cause mortality. Furthermore, there was no
significant difference in a composite secondary out-
come of cardiovascular events (vascular mortality,
recurrent MI, or stroke). Similar to the previous

studies, rates of major bleeding events were low,
but significantly higher rates of both major andmi-
nor bleeding events were recorded in the combina-

tion group. Also, 25.3% of the patients initially
assigned to the combination group discontinued
warfarin therapy during the study for unspecified

reasons, as compared with 12.6% in the aspirin
monotherapy group. The CHAMP investigators
concluded that no clinical benefits were observed
in patients receiving warfarin titrated to a mean

INR of 1.8 in addition to aspirin when compared
with those receiving aspirin monotherapy.

The results reported in both CARS and the

CHAMP study, that warfarin therapy provided
no added clinical benefit to the standard post-MI
regimen of aspirin, were speculated to be based on

the relatively low doses of warfarin used in those
trials. In CARS, the group receiving 3 mg of
warfarin reached a maximum median INR of

1.51; in the CHAMP study the mean INR in the
warfarin group was 1.8.

The Antithrombotics in the Secondary
Prevention of Events in Coronary Thrombosis

(ASPECT-2) study examined the possibility that
higher doses of warfarin might confer significant
clinical benefit. The protocol stratified 999 pa-
tients who had had either non-STEMI or STEMI

into three groups The first group received aspirin
monotherapy (80 mg), the second group received
acetylsalicylic acid (80 mg) plus dose-adjusted
warfarin, and the third group received dose-

adjusted warfarin alone [29]. In the combination
group, the mean INR was 2.4 and was designated
as moderate intensity; in the warfarin group, the

mean INR was 3.2 and was designated as high
intensity. The mean ages in all three groups
were comparable, ranging from 61 � 11 to 62 �
11 years. The median follow-up time was
12 months. In ASPECT-2, results showed a signif-
icant decrease in composite primary outcome
(death, MI, or stroke) in both the combination

group and the warfarin group when compared
with the aspirin monotherapy group. When each
primary outcome was examined independently,

however, there were no significant differences
among the three groups [30]. There was no signif-
icant difference in the rate of major bleeding

events, with all groups reporting a low rate of
1% to 2%, but there was a significant increase
in the rate of minor bleeding events in the combi-

nation group. Sixty-two of the 330 patients
(18.8%) initially assigned to warfarin discontin-
ued therapy during the trial, as did 68 of 333 pa-
tients (20.4%) initially assigned to combination

therapy. In comparison, only 34 of 336 patients
(10.1%) initially assigned to aspirin monotherapy
discontinued therapy during the trial. The AS-

PECT-2 study concluded that either high-intensity
warfarin therapy or moderate-intensity warfarin
therapy in combination with aspirin was more

effective in reducing cardiovascular events and
death than aspirin alone in patients after MI.

The Antithrombotics in the Prevention of Re-
occlusion in Coronary Thrombosis (APRICOT-2)

study examined a slightly different aspect than the
previous studies. The investigators compared
80 mg of aspirin monotherapy versus moderate-

intensity dose-adjusted warfarin (mean INR, 2.6)
plus 80 mg of aspirin; however, the patient pop-
ulation consisted of 308 patients who had had

STEMI and who had been treated with thrombo-
lytics with restoration of thrombolysis in MI grade
3 flow [31]. The primary outcome for this study was

reocclusion of the infarct-related artery at 3-month
angiographic follow-up. Mean age was 58 � 10
years in the aspirin group and 57 � 11 years in
the combination group.Of importancewith respect

to the geriatric population is that patients age
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75 years and older were excluded from APRICOT-
2. This study reported a significant decrease in the
rate of reocclusion and a significant increase in
event-free survival (death, reinfarction, or revascu-

larization) in the combination group. No signifi-
cant differences in rates of major or minor
bleeding events were noted. Only 11 of 135 patients

(8.1%) initially assigned to combination therapy
discontinued warfarin therapy during the trial;
however, the duration of the study was only

3 months, considerably shorter than the follow-
up time of similar studies. It was concluded that
post-STEMI patients benefited from moderate-

intensity warfarin in addition to aspirin with
significantly reduced rates of reocclusion of the
infarct-related artery and reduced rates of recur-
rent events after successful fibrinolysis. Again,

with such a short follow-up time, the clinical bene-
fits seen in APRICOT-2 are more difficult to apply
to a more chronic time course.

One of the most recent studies, the Warfarin-
Aspirin Reinfarction Study (WARIS-2), com-
pared 160 mg of acetylsalicylic acid monotherapy

versus moderate-intensity dose-adjusted warfarin
plus 75 mg of acetylsalicylic acid versus high-
intensity dose-adjusted warfarin alone in 3630 pa-

tients who had had either non-STEMI or STEMI
[32]. The mean INR was 2.2 in the moderate-
intensity combination group and 2.8 in the high-
intensity warfarin-alone group. Mean ages in all

three groups were similar, ranging from 60 �
10 to 61 � 10 years; however, a limitation in this
trial when considering the geriatric population is

that patients age 75 years and older were excluded.
A strength of the WARIS-2 was its relatively long
mean follow-up time of approximately 4 years.

This study reported a significant decrease in the
rate of composite primary outcome (death, MI,
or stroke) in both the high-intensity warfarin-
alone group and the moderate-intensity combina-

tion group when compared with the aspirin
monotherapy group. Of note, the significance
was restricted to the rates of MI and stroke; there

was no significant difference in death among the
groups. Significant increases in both major and mi-
nor bleeding events were reported in the warfarin

group and the combination group, although the
rates were relatively low in all three groups. A total
of 387 of 1216 patients (31.8%) initially assigned

to high-intensity warfarin and 480 (39.7%) of
1208 patients initially assigned to combination
therapy discontinued the assigned medication dur-
ing the course of the study, compared with 191 of

1206 patients (15.8%) initially assigned to aspirin
monotherapy. The WARIS-2 investigators con-
cluded that moderate-intensity warfarin in addi-
tion to aspirin or high-intensity warfarin alone
resulted in reduced risk of reinfarction and ische-

mic stroke in patients after MI but also entailed
a higher risk of bleeding.

Despite the advances made by recent studies,

there continue to be areas of uncertainty concern-
ing the role of VKAs in chronic anticoagulation in
patients who have had either non-STEMI or

STEMI. High-intensity oral VKAs (target INR,
3–4) alone or moderate-intensity oral VKAs
(target INR, 2–3) with aspirin in patients after

MI, with meticulous INR monitoring, was given
a 2B recommendation from the Seventh American
College of Chest Physicians Conference on An-
tithrombotics and Thrombolytic Therapy [33]. In

the geriatric population, however, the areas of un-
certainty become even less clear. There have not
been any major trials targeting this population,

and certain major trials excluded patients 75 years
and older. Furthermore, there are issues concern-
ing VKAs, such as risk of bleeding and drug–drug

interactions, which typically are magnified in
older patients. A recent trial in high-risk elderly
patients (mean age, 81.5 years) who had atrial

fibrillation, however, demonstrated that oral anti-
coagulation is more effective than aspirin in pre-
vention of stroke and found no difference in
bleeding [25]. The unique clinical situation of

chronic anticoagulation in elderly patients needs
to be addressed specifically before stronger recom-
mendations can be made concerning appropriate

therapy in the post-MI setting.

Oral direct thrombin inhibitors

Data from WARIS-II and ASPECT-II have

led to increased use of aspirin or oral VKAs in
secondary prevention. The use of oral VKAs after
MI is restricted because of the many food–drug

and drug–drug interactions needing regular
coagulation monitoring and subsequent dose
adjustments and because of the risk of bleeding,
especially when combined with acetylsalicylic

acid. Such limitations have prompted the devel-
opment of new oral anticoagulants that are safer
and more effective. Ximelagatran is the most

widely studied oral direct thrombin inhibitor and
is the drug of focus here.

Ximelagatran
Ximelagatran is the first in a new class of oral

direct thrombin inhibitors. Ximelagatran inhibits
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the action of thrombin in the coagulation cascade.
It also inhibits fibrin-bound thrombin.

After oral administration, ximelagatran is me-

tabolized rapidly to its active form, melagatran
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ximelagatran and the elimination of melagatran
are independent of the hepatic cytochrome P-450
enzyme system, providing a low potential for-
drug–drug interactions [38], and there are no

known clinically relevant food or alcohol
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Data on the use of oral direct thrombin
inhibition with ximelagatran have been provided
recently in the ESTEEM trial [41]. In this study,

1883 patients who had had recent MI were as-
signed randomly to ximelagatran at one of four
doses or to placebo, with all participants receiving
160 mg/d of aspirin (Fig. 2). Compared with aspi-

rin alone, those receiving any dose of ximelaga-
tran had a 24% relative risk reduction (95%
confidence interval, 0.59–0.98) in the combined

end point of nonfatal MI, severe recurrent ische-
mia, or death (Figs. 3 and 4). The mean age of
patients was 69 years (46–84 years).

The benefit of ximelagatran given twice daily
came at an increased risk of liver function test
abnormalities, a finding consistent across ximela-
gatran trials (Fig. 5).

Dabigatran

Dabigatran is another novel oral direct throm-
bin inhibitor. It is a potent, competitive, and
reversible direct inhibitor of thrombin. Like xime-
lagatran, dabigatran produces a predictable anti-

coagulant response with no known drug or food
interactions and reduces the need for laboratory
monitoring. The half-life of dabigatran is approx-

imately 8 hours after single-dose administration
and up to 14 to 17 hours after multiple doses. It
usually is given twice daily [42]. It currently is under

investigation for prevention and treatment of
thromboembolic events. The first evaluation of da-
bigatran in patients who had atrial fibrillation in
phase II trial has been completed [43]. Two doses

of dabigatran (150 mg and 110 mg twice daily) cur-
rently are undergoing testing in comparison with
warfarin (INR 2–3) in a very large, ongoing, phase

III, noninferiority, randomized, controlled trial,
theRandomizedEvaluation of Long-TermAntico-
agulant Therapy (RELY) study.

Although oral direct thrombin inhibitors show
considerable promise, further evaluation is needed
to determine the effectiveness and safety of direct

thrombin inhibitors in secondary prophylaxis
after MI. Ongoing studies comparing dabigatran
with warfarin will evaluate this novel therapeutic
approach fully.
Summary

After MI, all patients should be put on daily
low-dose aspirin irrespective of their age. The

combination of aspirin and clopidogrel should be
avoided in the geriatric population because
the risk of bleeding overweighs the benefit.
Clopidogrel should be reserved for patients who
have hypersensitivity or gastrointestinal intoler-
ance to aspirin. Using high-intensity oral VKAs

(target INR, 3–4) alone or moderate-intensity oral
VKAs (target INR, 2–3) with aspirin is not
recommended in geriatric patients who have had
MI. In the future, oral direct thrombin inhibitors

may replace oral VKAs; however, more studies
are needed before one consider oral direct throm-
bin inhibitors as better agents than oral VKAs for

anticoagulation in patients after MI.
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Lower-extremity occlusive disease represents
a significant health problem not only by its direct

impact but also by virtue of the systemic nature of
the disease process. Peripheral atherosclerosis is
associated with varying degrees of involvement

elsewhere in the body, potentially affecting all
organ systems. With the aging population one can
only expect that the problem will increase both in
number and complexity over the next few decades.

Antithrombotic agents are prescribed for use in
individuals with atherosclerotic disease of the
arteries in the lower extremity to prevent ischemia

and gangrene. They are also used to improve the
durability of interventions performed to treat this
atherosclerotic disease, including angioplasty with

or without stents, and surgical bypass using
autologous vein or prosthetic material. Although
these agents have been shown to have significant

benefit in patients with peripheral arterial disease
(PAD) their use must be tempered by consider-
ation of their risks, many of which may be
increased in the elderly population. These include

the increased risks of falls with associated trauma,
potential difficulties with self-administration of
medication, decreases in renal function or hepatic

metabolism, gastrointestinal bleeding, and inter-
actions with other medications that are commonly
used in this population. Equally important is the

fact that in many cases these medications are
prescribed for the remainder of the patient’s
lifetime. Because many older patients have
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complex arterial pathology, however, this popu-
lation stands to gain major benefit from the use of

these antithrombotic agents. The goals of medical
therapy for patients with PAD are to prevent
progression of atherosclerotic disease, minimize

the occurrence of cardiovascular events, improve
functional status in patients with claudication,
and prevent limb loss. This article reviews the
pathophysiology of PAD, and data regarding the

use of antiplatelet and anticoagulant agents.

Peripheral arterial disease

PAD is a common manifestation of athero-
sclerosis presenting as obstructive arterial disease
interfering with blood flow to the extremities.

Physicians may mistake PAD for musculoskeletal
or neurologic disorders because symptomatology
can mimic nonvascular etiology. An understand-
ing of PAD risk factors, clinical presentation,

differential diagnosis, stages, progression, physical
examination, and diagnostic work-up is important
for the guidance of medical therapy.

Risk factors

Age

PAD is largely but not exclusively a disease of
the elderly. The development of early atheroscle-
rotic changes can be seen even in children and

manifest as an increase in intimal macrophages
with foam cells. Because atherosclerosis is a con-
tinual process and the development of symptoms

is generally a late manifestation of this process,
elderly people are afflicted more commonly than
the younger population. The prevalence of PAD
ts reserved.
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increases sharply with age, from 3% in patients
younger than 60 years of age to 20% in patients
older than 75 years of age [1].

Hypertension

The Framingham Offspring study found that
hypertension is a major risk factor for the de-

velopment and progression of PAD [2]. Although
there are no reports that definitively show that an-
tihypertensive therapy alters the progression of
disease, aggressive antihypertensive therapy is sup-

ported by the Joint National Committee on the
detection, evaluation, and treatment of hyperten-
sion, which concluded that PAD is considered to

be equivalent in risk to ischemic heart disease [3].
b-Blockers are frequently used for antihyper-

tensive therapy mainly for their cardioprotective

effects. There is no adverse effect on symptoms of
claudication caused by b-blockers and they may
be used safely for patients with PAD unless there

are other contraindications [4]. The angiotensin-
converting enzyme inhibitors were shown to be
cardioprotective in patients with PAD by the
HOPE trial [5]. Of note is the fact that the benefit

of the angiotensin-converting enzyme inhibitors
was independent of blood pressure because blood
pressure difference between the placebo group and

ramipril group was not statistically significant.
Although antihypertensive therapy has no, as
yet, proven benefit for directly inhibiting PAD

progression, it does improve mortality rates in
these patients, whose demise is usually secondary
to cardiovascular event, justifying therapy.

Smoking

There is no debate that smoking is the single
most modifiable risk factor for the development

and progression of atherosclerosis. Multiple fac-
tors, such as activation of the sympathetic nervous
system with resultant vasoconstriction, oxidation

of low-density lipoprotein (LDL) cholesterol, in-
hibition of tissue plasminogen activator release
from the endothelium, increased blood fibrinogen
concentration, increased platelet activity, in-

creased expression of plaque tissue factor, and
endothelial dysfunction, are involved in the pro-
cess [6]. The Reykjavik study showed the risk of

developing intermittent claudication increased in
smokers by a factor of 8 to 10 [7]. One study com-
pared groups of patients who quit smoking and

who did not quit with a baseline intermittent clau-
dication and found that no patients from the
smoking cessation group developed rest pain,
whereas 16% of smokers did develop rest pain
[8]. For patients requiring arterial reconstructive
surgery, patients who quit smoking show im-

proved postoperative graft patency rates [9]. Pa-
tients should be strongly advised to quit
smoking because continuing to do so increases
the progression of their pre-existing disease and

makes any interventions that are required more
likely to fail. One recent study showed that the en-
hanced platelet aggregation and intraplatelet re-

dox imbalance in long-term smokers can be
significantly improved after as little as 2 weeks
of smoking cessation [10]. According to the US

Public Health Service guideline, it is important
to identify, document, and treat every tobacco
user at every office visit [11].

Diabetes mellitus

Diabetes increases the risk for atherogenesis by
deleterious effects on the vessel wall, blood cells,
and rheology [12]. The cardiovascular health

study found that diabetes was associated with an
almost fourfold increased prevalence of PAD in
patients older than 65 years of age [13]. Given

the increased prevalence of PAD in patients with
diabetes, the effect of glycemic control on the pro-
gression of disease is of the utmost importance.
The benefits of glycemic control on microvascular

pathology, such as retinopathy, neuropathy, and
nephropathy, have been shown in several studies
[14,15]. The benefit of tight glycemic control on

macrovascular disease, however, is less clearly de-
fined. A surrogate marker of large artery athero-
sclerosis, the thickness of carotid intima-media,

was used as an end point in the Diabetes Control
and Complications Trial in long-term follow-up.
They found statistically significant reduction in

thickness with aggressive glycemic control [16].
Tight glycemic control can be recommended
based on a subgroup analysis of the UK Prospec-
tive Diabetes Study, which showed reduction in

the hemoglobin A1c by 1% resulting in an 18% re-
duction in myocardial infarction, a 15% reduction
in stroke, and a 42% reduction in episodes of PAD

[15]. A review article by Stoyioglou and Jaff [17]
concerning medical treatment of PAD also recom-
mends aggressive glycemic control with a target

hemoglobin A1c of 7 or less in patients with PAD.

Hyperlipidemia

The increased risk of PAD caused by elevated
cholesterol is similar to the elevated risk of
coronary artery disease [18]. Reduction in LDL
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cholesterol level has been associated with reduc-
tion in cardiovascular events including myocardial
infarction, stroke, and vascular death. There are
multiple studies demonstrating that hydroxyme-

thylglutaryl-CoA reductase inhibitors (ie, statins)
may actually improve walking distance and pain-
free walking time, and lower the rate of new or

worsening intermittent claudication [19–21].
Stains have also recently been shown to improve
the patency of peripheral bypass procedures [22].

Based on these studies, patients with PAD should
be started on statin therapy if possible. The Heart
Protection Study in the UK enrolled more than

20,000 patients randomized to receive simvastatin
in addition to existing cardiovascular therapy.
They showed statistically significant benefits in
a group who received simvastatin regardless of

the initial cholesterol level. The target LDL level
set forth by theNational Cholesterol Education Pro-
gram is less than 100 mg/dL [18]. Recent data sug-

gest lower target LDL level may be beneficial [23].
Recent studies have focused on the importance

of C-reactive protein and the anti-inflammatory

effects of statins as the most important benefit of
statin therapy [24]. Ridker and coworkers [24] ex-
amined the C-reactive protein level and LDL level

before the initiation of statin therapy and evalu-
ated event-free survival. They found that regard-
less of LDL level, C-reactive protein level of less
than 2 mg/L was associated with increased

event-free survival. The authors recommended
that when using statins to reduce cardiovascular
risk, monitoring of C-reactive protein and choles-

terol levels should be performed. In the REVER-
SAL study over 500 patients with documented
coronary artery disease were randomized to re-

ceive moderate treatment (40 mg pravastatin per
day) or intensive treatment (80 mg atorvastatin
per day) and had intravascular ultrasound per-
formed at baseline and 18 months following the

initiation of treatment in addition to LDL and
C-reactive protein levels. The study found that pa-
tients with reductions in both LDL and C-reactive

protein that were greater than the median reduc-
tion in the study also had significantly slower pro-
gression of atherosclerosis than patients in whom

reduction in LDL and C-reactive protein were less
than the median reduction in the study [25].
Diagnosis

Diagnosis of PAD begins with a thorough
history and physical examination. The initial
assessment should include the patient’s body
habitus including the presence of contracture and
ambulatory status. The pulse examination should
include auscultation for carotid bruit and abdom-
inal bruits and palpation for any palpable abdom-

inal mass. The lower extremities are inspected with
special attention to differences between the limbs
regarding color, temperature, swelling, and gen-

eral appearance. A careful pulse examination in-
cludes grading of the pulse quality and confirming
that the pulse is in fact present and does not

represent the examiner’s own pulse or muscular
twitches from the patient. The level of an occlusive
or stenotic lesion can often be identified with

history and physical examination alone.
Ankle-brachial index (ABI) can be a useful

adjunct for the diagnosis. The ABI is a ratio of
systolic blood pressure in the dorsalis pedis or

posterior tibial arteries of the lower extremity to
systolic blood pressure in the brachial arteries in
the upper extremity. Normally, the ratio is 1 or

a bit greater. This examination requires only
blood pressure cuff and a Doppler device and
can be performed in an office setting. ABI has

been validated against angiographic evaluation
for PAD and found to be almost 100% specific
and 95% sensitive [26]. Calcified arteries can lead

to a falsely elevated ABI because of incompressi-
bility of the vessels. Similarly, subclavian stenosis
can lead to a falsely lowered ABI on the basis of
a brachial artery pressure that is lower than sys-

temic pressure.
Improvements in duplex ultrasound technology

have made arterial duplex mapping an effective,

noninvasive method for delineating the arterial
anatomy of the extremities. This modality can be
used as a first-line measure to assess the therapy

that may be required to treat a given patient’s
symptoms. Angiography and other invasive imag-
ing modalities should be reserved for definitive
treatment or for planning a surgical procedure.
Clinical presentation and staging

Patients with PAD may be asymptomatic or
symptomatic, presenting with claudication or

critical limb ischemia manifest as rest pain,
ulceration, or gangrene. In one study, 14% of
the patients from a general internal medical

practice without a history of PVD were found to
have abnormal ABI (!0.9) [27]. Another report
evaluated a patient group with risk factors for

PVD and found that 29% of patients had PVD
by ABI criteria, although only 11% presented
with symptoms [28]. In this situation treatment
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is not required for the majority of patients,
although close follow-up and perhaps alteration
of the patient’s medical regimen may be in order.

Claudication is caused by insufficient oxygen
supply to meet the demands of muscular activity as
in the case of exertional angina. The clinical pre-
sentation is of reproducible pain or discomfort in

a muscle group that is induced by exertion and
relieved by rest. Claudication is generally divided
into two categories based on a somewhat arbitrary

walking distance. Those patients able to walk more
than 1 block are described as having mild claudi-
cation, whereas those unable to walk 1 block are

described as having disabling claudication [1].
The absence or degree of symptomatology may

not correlate with the patient’s anatomy, because
several other factors need to be considered. These

include the patient’s exercise tolerance, which may
be limited because of a number of factors in-
cluding cardiopulmonary limitations or general-

ized weakness and level of activity. The impact of
the symptoms on the patient’s lifestyle should
dictate therapy. For example, a relatively active

patient who lives independently and presents with
rest pain or a nonhealing ulcer may benefit from
arterial reconstructive surgery, whereas a patient

who is bed-bound in a nursing facility with
the same symptoms will not realize the same
benefits and may be better served with a primary
amputation.

Elderly patients may develop nocturnal leg
cramps, which are thought to be neuromuscular
in origin. This cramping is frequently mistaken for

vascular insufficiency, even in the absence of
symptoms with exertion [1]. Patients who have
spinal stenosis may present with similar symptoms

but with intact peripheral pulses. This is shown as
pseudoclaudication and warrants evaluation of
the patient’s spine.

The most common site for claudication is in the

calf, usually attributable to disease in the superfi-
cial femoral artery. Thigh claudication can be
attributed to iliac or common femoral artery

disease. Leriche syndrome consists of impotence,
buttock claudication, and gluteus muscle atrophy
secondary to occlusive disease of the aortoiliac

segment. It should be remembered that most
patients presenting with claudication do not
experience any worsening of their symptoms

and that only a small minority progress to limb
threat.

Patients presenting with rest pain may have
a vascular etiology but other causes need to be

ruled out. Patients with peripheral neuropathy,
sciatica, lumbosacral disk disease, spinal stenosis,
and arthritis may all complain of pain at rest.
True rest pain is manifest by the absence of pulses

and relief with dependency of the affected limb.
Most patients describe sleeping with the affected
leg in a dependent position to prevent symptoms.
These patients show compromised circulation on

noninvasive testing.
Because of the enormous capacity of the arterial

system to compensate for arterial narrowing or

occlusion by its collateral reserve when patients
develop limb-threatening ischemia, the disease pro-
cess is usually advanced with multiple, sequential

occlusions or stenoses. It takes approximately five
times the oxygen supply to heal an ischemic lesion
than it does to maintain the resting state. Many
patients with underlying PAD may only manifest

and come to treatment when a lesion develops,
followingminor trauma for example. Such patients
require intervention for limb salvage.

An additional complicating factor arises in
patients with mixed arterial and venous disease.
These patients can be difficult to treat because

they are not candidates for compressive therapy as
a result of their arterial insufficiency and because
arterial interventions often increase swelling. The

benefits of antiplatelet or anticoagulant medica-
tions are seen in this group of patients and may be
of increased importance because of the limited
therapeutic options.

Patients with PAD may be classified into one
of five stages depending on symptoms as shown in
Table 1. Surgical intervention is usually reserved

for stages III and IV disease; however, all patients
may benefit from antithrombotic therapy.
Treatment

The presence of arterial stenoses or occlusions
does not in and of itself indicate a need for

intervention. Patients with PAD, however, should
be on a maximally cardiovascular protective
regimen. Additionally, patients undergoing ther-
apy with angioplasty and stenting, atherectomy,

or bypass warrant close follow-up in conjunction
with maximal medical therapy. The goals of
therapy for patients with PAD should be pre-

vention of both cardiovascular events and pro-
gression of the atherosclerotic disease process. In
many cases intervention may actually accelerate

the progression of atherosclerotic disease and
substitute a good short term result for a poor
long term outcome.



Table 1

Staging of infrainguinal arteriosclerosis with hemodynamically significant stenosis or occlusions

Stage Presentation

Invasive diagnostic and

therapeutic intervention

0 No signs or symptoms Never justified

I Intermittent claudication(!1 block);

no physical changes

Usually unjustified for surgical intervention

II Severe claudication (!1/2 block);

dependent rubor; decreased temperature

Sometimes justified, not always necessary, may

remain stable

III Rest pain, atrophy, cyanosis,

dependent rubor

Usually indicated but may do well for long

periods without revascularization

IV Nonhealing ischemic ulcer or gangrene Usually indicated
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Antiplatelet agents

Aspirin

Aspirin exerts its antithrombotic effect by

inhibiting platelet aggregation. This effect is
irreversible and lasts for the lifespan of platelets,
or approximately 7 to 10 days. It also inhibits

prostaglandin synthesis and acts as analgesic,
antipyretic, and antirheumatic. The antiplatelet
Trialists Analysis [29] is a meta-analysis of ran-

domized trials on the prevention of myocardial in-
farction, ischemic stroke, and death with
antiplatelet therapy. Patients defined as having

PAD include those with intermittent claudication,
and those who have undergone peripheral arterial
reconstructive surgery or angioplasty. The study
found an odds reduction of 23% in serious vascu-

lar events including ischemic stroke, myocardial
infarction, and vascular death in patients in the
aspirin group. Physician’s Health Study [30]

found that taking aspirin, 325 mg every other
day, decreased the need for peripheral arterial sur-
gery, although there was no difference in the de-

velopment of claudication between the aspirin
and placebo groups. The report of the Seventh
ACCP Conference on Antithrombotic and
Thrombolytic Therapy recommends for lifelong

aspirin therapy (75–325 mg/d) compared with no
antiplatelet therapy in patients with chronic limb
ischemia [31]. This recommendation is based on

the fact that most patients with PAD and no clin-
ical manifestations of coronary or cerebrovascular
disease do have occult coronary or cerebrovascu-

lar disease and stand to benefit from this therapy.
The recommendation is also based on the fact that
although ticlopidine and clopidogrel show a mini-

mally greater benefit, aspirin is much less expen-
sive. The Trans-Atlantic Consensus Conference
also recommends ‘‘all patients with peripheral
arterial disease (whether symptomatic or
asymptomatic) should be considered for treatment
with low-dose aspirin, or other approved antipla-

telet (unless contraindicated), to reduce the risk of
cardiovascular morbidity and mortality’’ [32].

Ticlopidine

Ticlopidine is a thienopyridine derivative that
interferes with platelet membrane function by

inhibiting ADP-induced platelet-fibrinogen bind-
ing and platelet-platelet interactions. This leads to
inhibition of both platelet aggregation and release

of platelet granule contents. As is the case for
aspirin, these effects are irreversible and last for
the lifespan of the platelet. Ticlopidine has been
shown to reduce cardiovascular events in patients

and to improve walking distance and lower-
extremity ABI in patients with intermittent clau-
dication [33,34]. In comparing ticlopidine, aspirin,

and clopidogrel, a meta-analysis of randomized
studies found that ticlopidine was the most effec-
tive in improving walking distance and improve-

ment in mortality [35]. Ticlopidine is associated
with a risk of thrombocytopenia and leukopenia,
however, requiring close hematologic monitoring

for at least 3 months. There is a reported risk of
thrombocytopenic purpura in 1 in 2000 to 4000
patients [36]. Because of these possible side effects
the Seventh ACCP Conference on Antithrombotic

and Thrombolytic Therapy recommends clopi-
dogrel over ticlopidine [31].

Clopidogrel

Clopidogrel is another thienopyridine deriva-
tive, but without hematologic side effects of ticlo-

pidine. Clopidogrel inhibits ADP-induced platelet
aggregation by direct inhibition of ADP receptor
binding and ADP-mediated activation of the gly-

coprotein IIb-IIIa complex. The ADP receptor site
is irreversibly modified and again, aggregation is
inhibited for the platelet’s lifespan. The CAPRIE
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trial is a randomized, blinded, international trial
designed to assess the relative efficacy of clopidog-
rel and aspirin in reducing the risk of a composite

outcome cluster of ischemic stroke, myocardial
infarction, or vascular death [37]. Relative safety
was also assessed in the study. The study popula-
tion included patients with atherosclerotic vascular

disease manifested as recent ischemic stroke, myo-
cardial infarction, or symptomatic PAD followed
for 1 to 3 years.More than 19,000patientswere ran-

domized to receive aspirin (325 mg/d) or clopidog-
rel (75 mg/d). The study showed an overall relative
risk reduction of 8.7% in favor of clopidogrel. In

subgroup analysis, the patients taking clopidogrel
had a relative risk reduction of 24% compared
with patients on aspirin (Fig. 1). More recently, in
a study of high-risk patients with recent ischemic

stroke or transient ischemic attack, the MATCH
trial found that the addition of aspirin to clopidog-
rel was associated with a nonsignificant difference

in reduction of major vascular events. There was,
however, an increased risk of life-threatening or
major bleeding with the addition of aspirin [38].
Pentoxifylline

Pentoxifylline is amethylxanthinederivative and

a weak antithrombotic agent that exerts its effect by
lowering blood viscosity, improving erythrocyte
flexibility, lowering fibrinogen levels, and retarding
platelet aggregation [39,40]. It also increases leuko-

cyte deformability and inhibits neutrophil adhesion
Fig. 1. Relative-risk reduction by subgroup in the CAP-

RIE trial. MI, myocardial infarction; PAD, peripheral

arterial disease. (From CAPRIE Steering Committee.

A randomized, blinded, trial of clopidogrel versus aspi-

rin in patients at risk of ischemic events (CAPRIE).

Lancet 1996;348:1329–39; with permission.)
and activation. Pentoxifylline is the first medication
approvedby theFoodandDrugAdministration for
the symptomatic relief of intermittent claudication

in 1984 [2]. A review of multiple trials concluded
that the actual improvement in walking distance
attributable to pentoxifylline is unpredictable and
may not be clinically important when compared

with the effects of placebo [41]. Pentoxifylline is
generally very well tolerated with a low incidence
of side effects. It is, however, not recommended in

patients with recent cerebral or retinal hemorrhage
or with a history of sensitivity to methylxanthines,
such as caffeine, theophylline, and theobromine.

Although pentoxifylline is recommended for the
treatmentof intermittent claudication,ameaningful
response is seen only in a minority of patients.
Cilostazol

Cilostazol is a quinolinone derivative that
inhibits cellular phosphodiesterase, most specifi-
cally phosphodiesterase III. Although its exact

mechanisms are not fully understood, it sup-
presses platelet aggregation and is a direct arterial
vasodilator. Cilostazol produces greater dilation

in femoral beds than in vertebral, carotid, or
visceral arteries. It also affects cardiovascular
function. Because other medications that inhibit

phosphodiesterase have shown decreased survival
compared with placebo in patients with class III
to IV congestive heart failure, cilostazol is not
recommended for patients with congestive heart

failure. Cilostazol may also decrease triglycerides
and increase high-density lipoprotein. It is the
second drug approved by the Food and Drug

Administration for the treatment of intermittent
claudication. The mechanism by which cilostazol
improves walking distance in patients with clau-

dication is not fully understood. The efficacy of
cilostazol as an agent for improving walking
distance is well demonstrated in multiple trials.

In one study patients were randomly assigned to
either placebo or cilostazol and completed a 16-
week course of therapy. Differences in absolute
claudication distance were then compared. Pa-

tients in the cilostazol group improved their
absolute claudication distance by 47%, whereas
the placebo group improved only 13% (P!.001)

[42]. A similar study found improvement of abso-
lute claudication distance in the cilostazol group
by 31% and a drop of 9% in placebo group

(P!.01) [43]. Another study looked at the effect
of withdrawal of cilostazol [44]. Patients with in-
termittent claudication were randomized into



295PERIPHERAL ARTERIAL DISEASE
one of three groups: (1) cilostazol, (2) pentoxifyl-
line, or (3) placebo. After completing a 24-week
course, cilostazol and pentoxifylline were changed
to placebo and the patients were followed for 6

more weeks. They found that there was a more
significant decrease in absolute claudication dis-
tance for the cilostazol group than the pentoxifyl-

line or placebo group.
Side effects include headache, diarrhea, palpi-

tation, and dizziness. Patients may take cilostazol

with aspirin or clopidogrel without additional
increase in bleeding time [45]. Cilostazol should
be taken one-half hour before or 2 hours after eat-

ing because high-fat meals increase absorption.
Concurrent administration of several drugs, such
as diltiazem and omeprazole, and grapefruit juice
can increase serum concentrations of cilostazol

[46]. Cilostazol is indicated for the treatment of
claudication and many patients experience an in-
crease in walking distance, although it is not as

well tolerated overall as pentoxifylline.
Anticoagulants

Heparin, low-molecular-weight heparin,
vitamin K antagonist

There is no role for heparin, warfarin, or other

formal anticoagulation in the management of
intermittent claudication. A Cochrane review
studied the effects of anticoagulant drugs, namely,
unfractionated heparin, low-molecular-weight

heparin, and vitamin K antagonists [47]. The
review considered multiple trials and found no
benefit with anticoagulation in either pain-free

walking distance or maximum walking distance.
There was also no benefit in mortality or incidence
of cardiovascular events. The only significant find-

ing was an increased risk of bleeding in patients
on anticoagulation. Based on these findings, the
Cochrane review recommended against the use

of anticoagulation for intermittent claudication.
Similarly, anticoagulation should not be used as
a primary modality in the treatment of chronic
limb-threatening ischemia. In some patients who

have undergone revascularization with a bypass
and who have a compromised outflow tract war-
farin anticoagulation is recommended. This is fre-

quently the case in patients who have undergone
a below-knee popliteal or tibial bypass with a pros-
thetic conduit. Finally, in patients with microem-

bolization, also referred to as the ‘‘blue toe’’
syndrome, in addition to treating the underlying
cause and occasionally performing thrombolysis,
these patients also receive anticoagulation to pre-
vent further thrombosis of the microvasculature.

There is a role for formal anticoagulation,
usually heparin, in treatment of acute limb ische-

mia. The Seventh ACCP conference on Antith-
rombotic and Thrombolytic Therapy recommends
systemic anticoagulation with heparin to prevent

thrombotic propagation in patients presenting
with acute arterial emboli or in situ thrombosis
[31]. The purpose of heparin anticoagulation in

this setting is to prevent propagation of an acute
thrombus or embolus and to prevent thrombosis
of the now compromised outflow tract. An addi-

tional advantage is that the body’s own fibrinolytic
mechanisms may be given enough competitive ad-
vantage to lyse the clot. Finally, the patient may be
stabilized while other diagnostic work-up and

therapeutic options are considered.
Heparin-induced thrombocytopenia is a poten-

tial side effect of heparin therapy discussed in detail

elsewhere in this issue. Heparin-induced thrombo-
cytopenia is an antibody-associated thrombocyto-
penia that develops 5 to 10 days following the

initiation of heparin therapy, but which may occur
within 24 hours in cases of repeat exposure. This
thrombocytopenia is generally definedas adecrease

in platelet count of greater than 50% from baseline
or a platelet count of less than 150,000/mL [48]. The
syndrome is associated with a greatly increased risk
of venous or arterial thrombosis and has a high

morbidity. It is caused by antibodies to heparin
and platelet factor 4 complex, which leads to plate-
let activation. Heparin-induced thrombocytopenia

antibodies can be tested to confirm the diagnosis.
When heparin-induced thrombocytopenia is sus-
pected, all heparin including heparin flush for intra-

venous and intrarterial catheters must be
discontinued because the syndrome is dose inde-
pendent and even a small amount can cause throm-
bosis. A patient is then started on a nonheparin

alternative anticoagulant, generally direct throm-
bin inhibitors, such as lepirudin or argatroban.
Warfarin is avoided until platelet count recovery

is achieved because warfarin may predispose to
microvascular thrombosis and can cause venous
limb gangrene and skin necrosis. More extensive

discussion on heparin and heparin-induced throm-
bocytopenia can be found elsewhere in this issue.
Thrombolysis

The use of thrombolytics, such as urokinase or
recombinant tissue-type plasminogen activator, is
an alternative for the treatment of acute in situ
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thrombosis or embolus and acute limb ischemia.
In 1960s and 1970s, thrombolytics were given
intravenously (ie, systemically), but the practice

has been largely abandoned with the introduction
of catheter-directed thrombolysis. A catheter is
positioned in or at the area of thrombosis over
a guidewire and used to deliver thrombolytics

locally. This enables the lysis to be performed with
a reduced overall dose thereby minimizing sys-
temic side effects of the thrombolytic agents.

There have been several randomized studies
comparing the various thrombolytic agents,
most of which have not found a significant

difference between the agents. The Surgery vs
Thrombolysis for Ischemia of the Lower Extrem-
ity (STILE) study included a comparison of
recombinant tissue-type plasminogen activator

and urokinase and concluded that both drugs
had similar efficacy and safety [49]. Another study
comparing recombinant tissue-type plasminogen

activator and urokinase demonstrated a higher
successful lysis rate with recombinant tissue-type
plasminogen activator (P!.05), but also a greater

incidence of bleeding complications [50].
Thrombolysis provides an alternative to surgi-

cal thrombectomy in the setting of acute ischemia.

Its advantages are that it can be performed using
a minimally invasive approach and that in most
cases angiography is required before undertaking
surgical thrombectomy, so that the diagnosis and

therapy can be accomplished in the same setting.
Its major drawbacks are the local and systemic
hemorrhagic complications. More recently, suc-

tion thrombectomy has also been used with or
without thrombolysis. Finally, other analyses
have evaluated the use of antiplatelet agents,

such as the platelet IIb-IIIa complex inhibitor
abciximab, in conjunction with thrombolysis [51].
Although thrombolysis occurred faster, there was
a higher incidence of bleeding complications.

There are several prospective randomized studies
comparing surgical intervention with catheter-
based thrombolysis. Overall, there is no clear an-

swer to which therapy is superior based on these
studies. Ouriel and coworkers [52] compared
patients with acute limb ischemia of less than 7

days undergoing thrombolysis with angioplasty
with those undergoing immediate surgery. The au-
thors found that the limb salvage rates were simi-

lar in the two groups, but that 1-year survival was
improved in patients randomized to thrombolysis
on the basis of fewer cardiopulmonary complica-
tions (84% versus 58%; P ¼ .01). In comparing

patients with acute (%14 days) versus chronic
(O14 days) ischemia the STILE trial found that
thrombolysis resulted in improved amputation-
free survival at 6 months and shorter hospital

stay in patients with acutely ischemic limbs,
whereas surgical intervention was more effective
for more chronic ischemia [49]. Further analysis
of STILE trial data revealed that factors predic-

tive of a poor outcome with lysis were femoropo-
pliteal occlusion, diabetes, and critical ischemia
[53,54]. Another trial, the Thrombolysis or Pe-

ripheral Arterial Surgery (TOPAS), compared re-
combinant urokinase versus surgery in acute
arterial occlusion, again defined as %14 days.

The authors found no statistically significant dif-
ference in amputation-free survival rate at 6
months and 1 year between the urokinase group
and the surgery group. The most concerning com-

plication of thrombolysis therapy is intracranial
bleeding. The intracranial bleeding rate was found
to be 1% to 2% in STILE and TOPAS. Recently,

a working party reached a consensus on the use of
thrombolysis in the management of acute lower-
extremity native artery occlusion [55]. In patients

with ischemia of less than 14 days thrombolysis
followed by correction of the causative lesion is
proposed as the preferred therapy. Immediate sur-

gical intervention is preferred when thrombolysis
leads to an unacceptable delay in restoring perfu-
sion. Primary amputation is indicated for patients
with irreversible ischemia and those who are

nonreconstructible.
For patients presenting with occluded infrain-

guinal bypass grafts, surgical thrombectomy with

or without revision, thrombolytic therapy with or
without revision, or creation of a new bypass graft
are options. The risks and benefits must be

carefully considered in choosing which therapy
to use because no clear benefit has been estab-
lished for either strategy.

Summary

Themanagement of patients with PAD requires
a multidisciplinary and individualized approach,

especially for patients requiring intervention and
for those on antithrombotic therapy. Communica-
tion between the patient’s primary physician,
consulting medical specialists, and vascular sur-

geon is essential because all may contribute syner-
gistically to deliver optimal care to the patient.
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Chronic anticoagulant therapy with vitamin K
antagonists (eg, warfarin) requires temporary in-
terruption before surgery because anticoagulation

is associated with excessive operative bleeding
[1–4]. Warfarin’s antithrombotic effect takes
days to recede after it is stopped and a similar

length of time to re-establish after it is restarted
[5]. During the period of anticoagulation cessa-
tion, patients are at increased risk of thromboem-
bolism [1–4]. Elderly patients constitute a large

proportion of patients who are treated with oral
anticoagulants and present a greater than average
risk of both thromboembolism and bleeding dur-

ing this period [6]. Consequently, there is consid-
erable uncertainty about the optimal approach
to perioperative management of anticoagulation

that maximizes patient safety with efficient health
care delivery. Developing a rational approach
requires the clinician to estimate the risks of
thrombosis and bleeding associated with different

approaches to management (Box 1) [1]. The risk
of venous and arterial thromboembolism associ-
ated with different conditions, and the relative

risk reduction for thromboembolism achieved by
anticoagulation, are summarized in Table 1 [1].
In general, arterial thromboembolism is associ-

ated with far greater mortality (about 40% of
events) and major disability (about 20% of
events) [1] than recurrent venous thromboembo-

lism, which has an estimated mortality of 6% [7]
and estimated major disability of 5% or less in
treated patients. In addition, because the risk of
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thromboembolism and bleeding are often influ-
enced by the surgical procedure, it is helpful to
consider anticoagulant management separately

for the preoperative and postoperative periods.
Accordingly, based on an individual assess-

ment of risk factors for arterial or venous throm-

bosis and the risk of postoperative bleeding, this
article outlines the preoperative and postoperative
approach to anticoagulant management, follow-
ing a brief description of the therapies most

commonly used in the perioperative period. The
prevention of arterial thromboembolism is con-
sidered separately from those whose indication is

the prevention of venous thrombosis (Fig. 1).
Perioperative bridging therapy

In this article, the term ‘‘bridging therapy’’
refers to the use of therapeutic-dose unfractio-
nated heparin (UFH) or low-molecular-weight-

heparin (LMWH) and does not include lower
doses of UFH and LMWH that are used to
prevent venous thromboembolism [8]. Based on

the predicted decline in the International Normal-
ized Ratio (INR) (starts to fall at approximately
29 hours after the last dose of warfarin, and

then decreases with a half-life of approximately
22 hours) it is reasonable to start bridging therapy
approximately 60 hours after the last dose of war-
farin (eg, third morning after last evening dose)

[9–13]. Historically, intravenous UFH was used
as bridging therapy because it has a short half-
life (60 minutes) and is readily reversed [8]. Intra-

venous administration necessitates hospitalization
before surgery, however, making intravenous
UFH inconvenient and expensive. More recently,

the use of subcutaneous LMWH has allowed
ts reserved.
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Box 1. Factors influencing perioperative
anticoagulant management

Risk of thromboembolism without
anticoagulation

During the preoperative period
During the postoperative period

Risk reduction for thromboembolism with
Oral anticoagulation
Unfractionated or low-molecular-

weight heparin
Incremental risk of bleeding with

unfractionated or low-molecular-
weight heparin bridging therapy

During the preoperative period
During the intraoperative period
During the postoperative period

Consequences of thromboembolism
(venous or arterial)

Consequences of bleeding
Patient preference (eg, fear of

thromboembolism or bleeding)
Cost of unfractionated or low-molecular-

weight heparin bridging therapy

Table 1

Rates of thromboembolism associated with different

indications for oral anticoagulation and risk reduction

with anticoagulation

Indication

% Control

rate

% Risk

reduction

Venous thromboembolism

Acute venous thromboembolism

0–1 mo 40/moa 80

1–3 mo 10/2 moa 90

Recurrent venous

thromboembolismb
15/ya 90

Arterial thromboembolism

NVAF 4.5/y 75c

NVAF and previous embolism 12/y 75c

Mechanical heart valve 8/y 75c

Acute arterial embolism

0–1 mo 15/mo 75c

Abbreviation: NVAF, nonvalvular atrial fibrillation.
a An increase in the risk of venous thromboembo-

lism associated with surgery (estimated to be 100-fold)

is not included in these rates.
b Last episode of venous thromboembolism more

than 3 months previously, but require long-term antico-

agulation because of high risk of recurrence.
c Risk reduction with oral anticoagulation; risk re-

duction with bridging therapy is uncertain but expected

to be less (see discussion).

Adapted from Kearon C, Hirsch J. Management of

anticoagulation before and after elective surgery.

N Engl J Med 1997;336:1506–11. Copyright � 1997,

Massachusetts Medical Society.
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bridging therapy to be administered to outpa-
tients. Outpatient therapy seems to be feasible
and safe in elderly patients provided they have no

contraindication, such as significant renal impair-
ment [14]. With this approach, doses of LMWH
that are recommended for treatment of venous

thromboembolism are administered once
[1,11,13,15] or twice [12,16] daily, generally for
3 days before surgery. The authors’group com-
pleted a prospective cohort study that measured

anti-Xa LMWH heparin levels shortly before sur-
gery or invasive procedure in 80 patients receiving
a standardized regimen of preoperative LMWH

(enoxaparin, 1 mg/kg twice daily, last dose given
R12 hours before surgery). It was observed that re-
sidual anticoagulant activity was present in most

patients. Importantly, in two thirds, the anti-Xa
level was within therapeutic range (R0.5 IU/mL)
[17]. Based on this observation and others [18,19],

the authors’ practice is to administer a twice-daily
regimen with the last dose (eg, approximately
100 U/kg of LMWH) given more than 24 hours
before surgery or invasive procedure.

Perioperative bridging LMWH therapy has
not been evaluated in randomized trials. At least
three large cohort studies, however, have studied

the safety and feasibility of bridging therapy with
a standardized regimen of LMWH [11–13]. Ko-
vacs and coworkers [11] recruited 224 patients at

risk of arterial embolism (112 with prosthetic
valves and 112 with atrial fibrillation; mean age,
70 years), who required temporary interruption

of warfarin, to receive a standardized regimen of
perioperative LMWH. In this prospective cohort
study, LMWH was started 3 days before surgery

(dalteparin, 200 units/kg once daily on the third
and second days before surgery and 100 units/kg
on the morning before surgery); was not given
on the day of surgery; was restarted the day after

surgery (dalteparin, 200 units/kg daily or fixed
low-dose 5000 units daily if patient was judged to
be at high risk of postoperative bleeding); and

was given for at least 4 days postoperatively and
until the INR was higher than 1.9. During the
5-day preoperative and 90-day postoperative pe-

riod, there were eight episodes of thromboembo-
lism, of which two were considered cardioembolic
and occurred on postoperative days 14 (transient

ischemic attack) and 42 (ischemic stroke). Impor-
tantly, six of the eight episodes occurred in patients



Fig. 1. Algorithm outlining an approach to the management of anticoagulation before elective surgery. INR, interna-

tional normalized ratio; IVC, inferior vena cava; VTE, venous thromboembolism.
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who had postoperative warfarin therapy withheld

or deferred because of bleeding. Fifteen episodes
of major bleeding were reported, of which eight oc-
curred during or within 6 hours after surgery.

There were no episodes of thromboembolism or
major bleeding preoperatively [11].

Douketis and colleagues [12] reported the fre-

quency of thromboembolism and major bleeding
in a registry of 650 consecutive patients at risk
of arterial embolism (215 with mechanical valves,
346 with atrial fibrillation, 89 with other indica-

tion; mean age, 68 years) who required temporary
interruption of warfarin. Warfarin was discontin-
ued 5 days (INR target 2–3) or 6 days (INR target

2.5–3.5) before surgery. The INR was measured
on the third or fourth day before the procedure
and preoperative LMWH (dalteparin, 100 units/

kg twice daily) was started if the INR was less
than 2.5, with last dose given greater than or equal
to 12 hours before surgery. LMWH was restarted

the day after surgery (dalteparin, 100 units/kg
twice daily) in those considered not to be at high
risk of postoperative bleeding (surgical procedure
considered to be associated with a low risk of

bleeding and primary hemostasis established post-
operatively). During the study period (5 days
preoperatively and approximately 2 weeks after

surgery), there were four episodes of thromboem-
bolism, of which two were cardiac arrests, one was
a systemic embolism, and one was a transient is-

chemic attack; all occurred in the postoperative
period. Six episodes of major bleeding occurred,
all in the postoperative period [12].

Dunn and colleagues [13] treated 260 patients

(176 with atrial fibrillation; mean age, 68 years)
who required temporary interruption of warfarin
with once-daily enoxaparin (1.5 mg/kg) for 3

days before the procedure, followed by the same
regimen restarted the morning after the procedure
and continued until the INR was therapeutic. In

this prospective cohort study there were four epi-
sodes of thromboembolism in the atrial fibrillation
group during 28 days of follow-up, of which two

were transient ischemic attacks and two were pe-
ripheral arterial thromboembolism (no episodes
of ischemic stroke). In the entire cohort, the
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incidence of major bleeding during the period of
bridging enoxaparin therapy was 3.5%, with al-
most all episodes of major bleeding occurring in

the 40 patients who had undergone major surgery
(eight episodes; 20% incidence) [13].

Although these studies [11–13] support the fea-
sibility of bridging therapy with LMWH, clinical

trials are required to determine whether the benefit
of bridging therapy outweighs the associated risks
of bleeding. Currently, it is generally recommended

that patients with the highest risk of arterial or
venous thromboembolism who require interrup-
tion of oral anticoagulant therapy for surgery

should receive therapeutic-dose heparin therapy
(UFH or LMWH) during much of the interval
when the INR is subtherapeutic [2–5].
Preoperative management of anticoagulation

Certain surgical procedures are associated with
a low risk of bleeding. Consequently, there is

uncertainty about the need to reverse anticoagula-
tion for some invasive procedures. For example, it
does not seem to be necessary for dental extractions

[5,20] (a local hemostatic agent may be used with
more extensive dental surgery [21]) or for
extracapsular cataract removal under local anase-

thetic [22]. Similarly, the American Society for Gas-
trointestinal Endoscopy recommends that, because
of a low associated risk of bleeding, diagnostic en-
doscopy (upper endoscopy, colonoscopy, and flexi-

ble sigmoidoscopy) with or without biopsy (but
not polypectomy), diagnostic endoscopic retrograde
cholangiopancreatography, and biliary stent im-

plantation (without sphincterotomy) can be per-
formed with an INR of up to 2.5 [23]. In general, it
is more acceptable to perform surgical procedures

while onanticoagulant therapy if the site of potential
bleeding is accessible (eg, mouth or skin) rather than
remote (eg, percutaneous biopsy of internal organs).

For surgery and invasive procedures associated
with a moderate or high risk of bleeding, vitamin
K antagonists are stopped 4 to 5 days before
surgery, depending on the targeted anticoagulant

intensity (see Fig. 1). In patients whose INR is
2 to 3 (ie, target INR of 2.5), it takes about
4 days for the INR spontaneously to fall to 1.5

or less in most (approximately 95%) patients [9],
an intensity of anticoagulation that is not ex-
pected to be associated with an increase in intrao-

perative bleeding [9,24–28]. If the INR is 2.5 to 3.5
(ie, target INR of 3), this is expected to take
5 days. There is evidence that the rate of decline
in INR is slower in elderly patients [29]. Although
the authors usually recommend that the INR be
measured on the day before surgery, they take

particular care to ensure it is measured in elderly
patients (R75 years), to determine if it has de-
creased adequately. If on the morning before sur-
gery the INR is 1.6 or 1.7 they generally give 1 mg,

and if the INR is 1.8 or higher they generally give
2 mg of vitamin K orally to accelerate the reversal
of anticoagulation and then repeat the INR the

day of surgery [30]. In general, fresh frozen
plasma should be avoided for elective surgery.

Another approach to management in this

setting is to shorten the interval when the INR
is subtherapeutic by withholding fewer doses of
warfarin preoperatively while giving a small dose
of oral vitamin K (eg, 1 mg) to accelerate reversal

of anticoagulation. The safety of this approach is
not known, and although it seems reasonable for
most patients if surgery needs to be performed

before the INR can spontaneously decrease to an
acceptable level, unless accompanied by bridging
therapy, this practice is discouraged for patients

with mechanical heart valves [31,32].

Arterial thromboembolism

Prevention of systemic embolism with oral
anticoagulation (vitamin K antagonists) is most

commonly used in patientswith atrial fibrillation or
another cardiac source of arterial thrombo-
embolism (eg, valvular heart disease, native or
prosthetic) [5]. Patients with nonvalvular atrial

fibrillation have an average risk of systemic embo-
lism of about 4.5% per year in the absence of an-
tithrombotic therapy [33]. In individual patients,

this risk varies from about 1% to 20%, depending
on the prevalence of risk factors (ie, previous
embolism, hypertension, age R75 years, left ven-

tricular dysfunction, diabetes, mitral stenosis)
[33–36]. The average rate of major thromboembo-
lism in nonanticoagulated patients with mechani-

cal heart valves is estimated to be 8%, with the
risk in individuals also varying widely according
to the prevalence of risk factors (ie, caged ball or
disk valves, mitral position, atrial fibrillation, pre-

vious embolism, age R70 years) [37–40]. Previous
thromboembolism is the single most important
risk factor for stroke in patients with atrial fibrilla-

tion [33,35,36,41] and it is also an important risk
factor in patients with prosthetic heart valves
[39,40]. Consequently, the period of subtherapeutic

oral anticoagulation should be kept to a minimum
in patients with previous embolism, and in others
who are at highest risk for embolism (see Fig. 1).
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Efficacy of heparins in prevention of systemic
thromboembolism

Although there is good evidence that UFH and
LMWH are effective at preventing venous throm-

boembolism [8,42], this is less certain for the pre-
vention of cardioembolism, particularly with the
use of LMWH. In the only trial to evaluate the

efficacy of LMWH for the reduction of early re-
current stroke in patients with atrial fibrillation
exclusively, dalteparin, 100 IU/kg twice daily,

was not shown to be superior to aspirin therapy
(odds ratio ¼ 1.1 in favor of aspirin; 95% confi-
dence interval, 0.6–2.2) [43]. Similarly, subgroup

analyses of other studies that have evaluated
LMWH in acute ischemic stroke and subsequent
meta-analyses have also failed to demonstrate
a benefit in reduction of systemic embolism over

aspirin [44–46]. In the International Stroke Trial,
however, UFH (5000 or 12,500 IU subcutane-
ously twice daily) was more effective than aspirin

at preventing early recurrent stroke (within
14 days) in the subgroup of patients with atrial
fibrillation (N ¼ 3169) [47]. Rates of recurrent is-

chemic stroke were 4.9%, 3.4%, and 2.3% in the
non-UFH, UFH 5000 IU, and UFH 12,500 IU
groups, respectively (P ¼ .001) [47]. In addition,

therapeutic or near-therapeutic doses of UFH
approximately halves the frequency of stroke asso-
ciated with acute myocardial infarction in the ab-
sence of treatment with thrombolytic therapy and

aspirin (but not with such therapy), supporting
that UFH can reduce cardioembolism [48].

There are less data relating to the efficacy of

UFH and LMWH for the prevention of embolism
in patients with mechanical heart valves. Indirect
comparisons suggest that subcutaneous UFH is

substantially less effective than oral anticoagu-
lants at preventing thromboembolic complica-
tions in pregnant women with mechanical heart
valves; however, less than currently recommended

therapeutic doses of UFH were often used in these
patients [49,50]. Although one cannot conclude
that LMWH does not reduce the risk of thrombo-

embolism in patients with mechanical heart valves
when oral anticoagulation is interrupted [51],
taken together these data suggest that UFH, and

particularly LMWH, are less effective than warfa-
rin at preventing cardioembolism.

Bridging therapy with heparin
Despite uncertainty about efficacy, most au-

thorities recommend use of bridging therapy for
patients with the highest risk of embolism
[2–4,8,52–54]. With mechanical heart valves, this
includes those for which a higher (eg, target
INR 3; range, 2.5–3.5) intensity of anticoagula-
tion is recommended (ie, tilting disk and bileaflet
mitral valves, bileaflet aortic valves with atrial

fibrillation, caged ball or caged disk valves, any
valve with previous embolism) [40]. With atrial
fibrillation, this includes those with a history of

embolism or multiple risk factors [33,35,36,41].
To support withholding bridging heparin therapy
in patients at low or intermediate risk of arterial

thromboembolism, Garcia and colleagues [55] re-
ported a low frequency of arterial thromboembo-
lism (0.75%) in 535 patients with atrial fibrillation

undergoing temporary interruption of warfarin
without bridging therapy (four episodes [0.7%];
two occurred in patients with previous stroke).
In addition, because current evidence suggests

that therapeutic dose LMWH is not effective at
preventing ischemic stroke in patients with atrial
fibrillation [43,44], the authors rarely use bridging

LMWH therapy in such patients.

Patient and physician preference

After a discussion of the risks and benefits of
bridging therapy in patients with mechanical heart
valve or atrial fibrillation, some patients express
a preference either to receive or not receive such

therapy. Their decision may be influenced by
previous good or bad experience with bridging
therapy; aversion to subcutaneous injections (self-

administered, or by another); fear of stroke; or
cost implications. Similarly, referring physicians
(eg, cardiologists, cardiac surgeons) may have

a strong preference that their patients receive
bridging therapy. Because preoperative bridging
therapy may reduce embolism and is associated

with a low risk of major bleeding, the authors do
not discourage its use, particularly in patients with
prosthetic heart valves where there is less evidence
challenging the efficacy of bridging therapy than

there is for those with atrial fibrillation [43,44,56].

Venous thromboembolism

Oral anticoagulation with vitamin K antago-

nists, is indicated for the prevention of recurrent
venous thromboembolism, a risk that declines
rapidly during the 3 months after an acute episode

[57,58]. It is estimated that stopping anticoagula-
tion within 1 month of an acute event is associated
with a very high risk of recurrent venous throm-

boembolism (ie, 40% over a 1-month period)
(see Table 1) and that this risk is intermediate if
anticoagulants are stopped during the second
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and third months of treatment (ie, 10% over
a 2-month period [1]).

If feasible, surgery should be deferred follow-

ing an acute episode of venous thromboembolism
until patients have received at least 1 month,
and preferably 3 months, of anticoagulation (see
Fig. 1). If this is not feasible and surgery is per-

formed within 1 month of an acute event, bridging
therapy should be used while the INR is less
than 2. If it is necessary to perform surgery within

2 weeks of an acute episode of venous thrombo-
embolism, the risk of pulmonary embolism is
probably acceptable if bridging therapy is with-

held for 18 hours or less (eg, with intravenous
UFH, 6 hours preoperatively and 12 hours post-
operatively) and the duration of surgery is short
(eg, 1 hour or less). Consequently, patients who

do not have major surgery and do not have
a high risk of postoperative bleeding can be man-
aged with bridging therapy. Patients who have

major surgery within 2 weeks of an acute episode
of proximal deep vein thrombosis or pulmonary
embolism, however, should have a vena caval fil-

ter inserted preoperatively or intraoperatively [1].
Currently available temporary filters allow re-
moval of the filter in the postoperative period,

when it becomes safe to re-establish oral
anticoagulation.

If the most recent episode of venous thrombo-
embolism occurred between 1 and 3 months

previously, warfarin should only be withheld for
four doses to minimize the period of thrombotic
risk; however, unless patients are immobilized (ie,

already hospitalized) neither bridging therapy nor
prophylactic doses of UFH or LMWH are
necessary preoperatively. If patients are immobi-

lized in hospital before surgery, they should
receive prophylactic doses of UFH or LMWH
when the INR decreases to less than 1.6. The INR
of outpatients can be checked the day before

surgery and, depending on its value, a single dose
of oral vitamin K or subcutaneous LMWH can be
considered at that time. Three months or greater

of anticoagulation is usually reserved for patients
with multiple episodes of venous thromboembo-
lism; a single episode of unprovoked thrombosis;

or thrombosis in association with a persistent risk
factor, such as active malignancy. Interruption of
warfarin therapy during this phase of treatment is

estimated to be associated with a much lower risk
of thromboembolism than if it is stopped during
the first 3 months of therapy (eg, 10%–15% per
year). Consequently, it is reasonable to withhold

five doses of warfarin before surgery in patients
who have already been treated with 3 or more
months of anticoagulation and not use bridging
therapy.
Postoperative management of anticoagulation

Major surgery is associated with a marked

increase in the risk of venous thromboembolism;
in the short term, this is estimated to be a 100-fold
increase in risk [1]. Unlike venous thromboembo-

lism, however, the increase in arterial embolism
associated with nonvascular surgery has not
been adequately quantified.

Recent surgery is a major risk factor for
anticoagulant-induced bleeding [1]. Whereas
bleeding is uncommon when warfarin is started
after major surgery [8,28,59–61], bleeding is ex-

pected to be substantial if therapeutic doses of
UFH or LMWH are administered within days
of operation [59]. For example, when both are

started within 24 hours of major orthopedic sur-
gery, prophylactic doses of LMWH (ie, less than
half the dose used for bridging therapy) are asso-

ciated with more bleeding than warfarin [8,59,60].
Although the consequences of an episode of major
bleeding in the postoperative period (eg, case fa-

tality estimated at 3%) [62,63] are generally less
severe than those of an episode of thromboembo-
lism, because the absolute risk of thromboembo-
lism before re-establishing oral anticoagulation is

often extremely low, administration of bridging
therapy has the potential to do more harm than
good during this interval (see the section on peri-

operative bridging) [1]. Because there is a delay of
about 12 to 24 hours after warfarin administra-
tion before the INR begins to increase, warfarin

should be restarted as soon as possible after sur-
gery unless patients have additional invasive pro-
cedures planned or are actively bleeding (Fig. 2).

Arterial thromboembolism

In patients with the highest risk of arterial
embolism (see previously), it is reasonable to use
bridging therapy after surgery provided the risk of

bleeding is minimal (eg, minor surgical or di-
agnostic procedures) (see Fig. 2).

If intravenous UFH is being used for post-

operative bridging therapy, it should be started
without a loading bolus dose, no sooner than
12 hours after surgery, at a rate of no more than

18 units/kg/h [64]. In the absence of a loading
dose, the first activated partial thromboplastin
time measurement should be deferred for 12 hours



Fig. 2. Algorithm outlining an approach to the management of anticoagulation after elective surgery. INR, interna-

tional normalized ratio; IVC, inferior vena cava; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.
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for a stable anticoagulant response to have been

attained. Compared with therapeutic-dose subcu-
taneous LMWH, intravenous UFH has the
advantage that it is rapidly eliminated when
stopped, and can be effectively reversed by prot-

amine sulfate if bleeding occurs [65]. If therapeu-
tic-dose subcutaneous LMWH is being used, it
should probably not be started until approxi-

mately 24 hours after surgery. With hospitalized
patients, the LMWH dose can be increased in
a step-wise fashion over 36 hours, starting with

a prophylactic dose within 12 hours of surgery.
Twice-daily dosing may be preferable to once-
daily dosing in the early postoperative period
because lower peaks of anticoagulant effect are in-

duced, and the smaller twice-daily dose is expected
to be eliminated sooner if bleeding occurs close to
the time of injection; however, once-daily and

twice-daily regimens have been used postopera-
tively [10–13].

Bridging therapy is not recommended after

surgery that is associated with a moderate or
higher risk for bleeding, even if patients are
considered to have a high risk of arterial embo-

lism [1,13,55]. Instead, subcutaneous UFH or
LMWH, in doses recommended for thromboem-
bolism prophylaxis of high-risk patients, should
be given to hospitalized patients until the INR

reaches 1.8 [8].
Venous thromboembolism

Because surgery is a major risk factor for
venous thromboembolism, the need for antith-
rombotic prophylaxis is much greater postopera-

tively than it is preoperatively. Patients who have
had an episode of venous thromboembolism
within 3 months of surgery are expected to have

a very high risk of recurrence postoperatively.
Consequently, bridging therapy is recommended
in this setting until the INR is 2 or greater,

provided the surgeon does not believe that the
patient is at high risk for bleeding [1]. Although
patients who have a vena caval filter remain at
high risk of recurrent venous thrombosis, they

are at least partially protected from pulmonary
embolism [66] and, consequently, bridging ther-
apy can be avoided in these patients in the early

postoperative period.
Provided there have been no previous episodes

of thromboembolism within 3 months before

surgery, postoperative bridging therapy is not
indicated. SubcutaneousUFHor LMWH is recom-
mended in doses used for venous thromboembolism
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prophylaxis of high-risk patients while the INR
is less than 1.8 and patients are hospitalized.
Because there is a concern that restarting

warfarin may induce a transient hypercoagulable
state in patients with protein C or protein S
deficiency [67], patients with these conditions
should restart warfarin slowly, at no more

than the expected maintenance dose, and should
receive at least prophylactic doses of UFH or
LMWH until the INR is at 2 for 2 days.
Qualifying remarks

The recommendations outlined are strongly

influenced by a number of assumptions, some of
which are considered in greater detail. It is pro-
posed that, for most patients, warfarin is withheld
preoperatively long enough for the INR to fall

spontaneously to a value of 1.5 or lower before
surgery without the need for bridging therapy.
Because the INR is prolonged to some extent for

much of this time, it is estimated that this
interruption of warfarin exposes patients to
a small risk of thromboembolism preoperatively

(ie, equivalent to the thromboembolic risk associ-
ated with 1 day of ‘‘no anticoagulation’’) [68–70].
For the same reason, provided warfarin is

restarted the day of surgery, it is estimated that
patients are exposed to a similar small risk of
thromboembolism postoperatively while oral anti-
coagulant therapy is being re-established. It has

also been assumed that the risk of thromboembo-
lism associated with a day without anticoagula-
tion is one 365th part of the risk associated with

a year without therapy. Hence, a 10% per year
risk of thromboembolism translates to a daily
risk of approximately 0.03%, or a 1 in 3650

probability of an event. If stopping oral anticoa-
gulation induces a transient rebound hypercoagu-
lable state [1,4,71], or starting anticoagulation

induces a transient paradoxical hypercoagulable
state [67], the daily risk of thromboembolism
may be underestimated. There is no convincing
clinical evidence, however, to support either of

these phenomena in unselected patients [71].
It is concluded that warfarin should be inter-

rupted for as short a time as possible (usually 4 or

5 days) when it is necessary to reverse oral
anticoagulant therapy. Most patients can then
have invasive procedures performed without the

need for bridging therapy and, because of the
associated risk of bleeding, bridging therapy
should generally be avoided within 2 days of
major surgery. Because this assessment is based
on an interpretation of mostly indirect data,
however, and because these data are open to

different interpretations, uncertainty as to the
optimal management of such patients is
acknowledged.

Finally, perioperative management of antico-

agulation can cause anxiety for patients, surgeons,
anesthetists, and those that manage long-term
anticoagulant therapy. Good communication be-

tween all of these parties is essential to ensure that
an optimal management strategy is identified, that
this strategy is then successfully executed, and that

the potential for recrimination is minimized in the
unlikely event of a serious thrombotic or hemor-
rhagic complication.
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