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Content/Overview
This activity reviews the impact of venous thromboem-
bolism (VTE), principles of VTE risk assessment, the
rationale for VTE prevention, and the pros and cons of var-
ious options for VTE prophylaxis. It focuses particularly on
considerations surrounding VTE prophylaxis in three high-
risk patient populations: hospitalized medical patients,
patients undergoing surgery for cancer, and patients under-
going orthopedic surgery. Case studies and practical man-
agement algorithms are presented for VTE prevention in
each of these three patient groups.

Statement of Need
VTE is common among hospitalized and recently discharged
patients, and it has substantial clinical and economic
impact. Moreover, VTE risk assessment and prophylaxis are
increasingly being considered as a quality measure for health
system performance ratings and reimbursement. Despite this
recognition of the importance of VTE, as well as the exis-
tence of established clinical guidelines endorsing the use of
VTE prophylaxis, rates of appropriate VTE prophylaxis in
hospitalized and recently discharged patients are consistent-
ly low across numerous US and multinational studies.
Physicians who care for hospitalized medical patients and
surgical patients need practical guidance on when and for
how long thromboprophylaxis is indicated for these patients,
which prophylaxis options are best in various settings, and
what the evidence-based risk:benefit profile of VTE prophy-
laxis actually is in these high-risk patient groups.

Learning Objectives
Upon completing this activity, participants will be able to:
• Recognize the burden of VTE risk in both medical and

surgical patients in the inpatient and outpatient settings
• Summarize the evidence base of consensus guidelines for

VTE prophylaxis and apply them to clinical practice
• Develop a VTE prophylaxis regimen for specific patient

populations both during hospitalization and after discharge
• Compare and contrast the safety and efficacy of available

anticoagulant therapies and their recommended use for
VTE prophylaxis.
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pedic surgeons, internists, and other health care profession-
als interested in VTE prophylaxis.
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From the editor
Venous thromboembolism (VTE) is a disease that is
under the microscope of several important organiza-
tions, including the Centers for Medicare and Medicaid
Services (CMS) and the Joint Commission. It is also at
the forefront of the agendas of hospital safety and qual-
ity-improvement committees. There is a push to look
at both process and outcome measures with VTE, and
these measures have been linked to hospital pay-for-
performance programs. 

This supplement is based on a recent roundtable
conference in Miami, FL, that brought together six
nationally renowned experts in thromboembolic disease
to discuss evidence-based best practices surrounding
VTE prevention. We focused on prevention in three
high-risk populations: hospitalized medical patients,
cancer surgery patients, and patients undergoing major
joint replacement or hip fracture repair. We also dis-
cussed clinical cases and challenges as part of the round-
table discussion portions that conclude each of the
three major articles in this supplement.  

Our goal in developing this supplement has been to
make clear the need for clinicians to focus on details of
the type, dose, and duration of appropriate VTE pro-
phylaxis both in the hospital and at discharge, with the
ultimate goal of preventing a large number of patients
from presenting in the outpatient setting as a result of
failure to prevent VTE.

Amir K. Jaffer, MD
Leonard M. Miller School of Medicine
University of Miami, Miami, FL
ajaffer@med.miami.edu

Topics and editors for supplements to the Cleveland Clinic
Journal of Medicine are determined by the Journal’s editor-in-
chief and staff. Supplement editors are chosen for their
expertise in the topics discussed and are responsible for the
scientific quality of supplements, including the review
process. The Journal ensures that supplement editors and
authors fully disclose any relationships with industry,
including the supplement underwriter. For full guidelines on
grant-supported supplements to the Journal, go to
www.ccjm.org/instructions_grant-supported_supplements.asp.
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AMIR K. JAFFER, MD

An overview of venous thromboembolism:
Impact, risks, and issues in prophylaxis
■ ABSTRACT

Venous thromboembolism (VTE) is a major cause of
cardiovascular death, and its close association with
increased age portends an increasing clinical and
economic impact for VTE as the US population ages.
Studies show that rates of VTE prophylaxis remain
inadequate both in the hospital and at the time of
discharge. Health care accreditation and quality
organizations are taking interest in VTE risk assess-
ment and prophylaxis as a measure for hospital per-
formance ratings and even reimbursement. To set the
stage for the rest of this supplement, this article
reviews the rationale for VTE prophylaxis, surveys
current prophylaxis rates and strategies to increase
those rates, and provides an overview of risk factors
for VTE and therapeutic options for VTE prophylaxis.

V
enous thromboembolism (VTE)—which
comprises both deep vein thrombosis (DVT)
and pulmonary embolism (PE), which can
result from DVT—is the third leading cause

of cardiovascular death in the United States, after
myocardial infarction and stroke. The annual inci-
dence of DVT approaches 2 million.1 Silent PE con-
stitutes approximately half of DVT cases, as suggested
by studies using ventilation perfusion scanning. The
true incidence of PE is not known but is estimated to
be 600,000 cases annually,1 with approximately one
third of these cases leading to death.2

The cost of care related to VTE in the United
States has been estimated at $1.5 billion per year.1 As
an example of its economic impact on the individual
patient level, an analysis of 2001–2002 cost data from
a large private-sector medical center found that post-
operative thromboembolic complications added an
average of $18,310 to total hospital costs for each
patient in whom they occurred.3

Notably, the incidence of VTE rises at an expo-
nential rate with increasing age after the second
decade of life, as shown in Figure 1.2 Given the aging
of the US population, this suggests that the clinical
and economic impact of VTE will only increase in
the years ahead. 

■ DESPITE ESTABLISHED BENEFITS,
VTE PROPHYLAXIS REMAINS UNDERUSED

The frequency, clinical impact, and economic impact
of VTE make a strong case for VTE prevention. In a
2001 analysis of patient safety practices, the Agency
for Healthcare Research and Quality listed appropri-
ate VTE prophylaxis in at-risk patients first in a rat-
ing of safety practices with the greatest strength of
evidence for impact and effectiveness.4

Despite this recognition of the importance and
benefit of VTE prophylaxis, prophylaxis remains
highly underutilized. This has been demonstrated in
numerous studies; the large epidemiologic investiga-
tion by Goldhaber et al using the DVT Free Registry
is illustrative.5 This prospective multicenter study
enrolled 5,451 consecutive patients with acute DVT
documented by venous ultrasonography over a 6-
month period. Patients were classified as either out-
patients or inpatients: outpatients were those who
came to the emergency room and were diagnosed
with DVT; inpatients were those who developed
DVT in the hospital. Of the 2,726 inpatients in the
registry, only 42% had received prophylaxis within 30
days prior to their diagnosis of DVT.

Risk extends to the outpatient setting
In a recent population-based analysis, Spencer et al
found a similarly low rate of VTE prophylaxis—
42.8%—among 516 patients who had recently been
hospitalized and subsequently developed VTE.6 This
study also found that VTE was three times as likely in
the outpatient setting as in the inpatient setting, and
that almost half of the outpatients with VTE had been
recently hospitalized. Taken together, these findings
indicate that VTE prevention efforts are inadequateSee inside front cover for author affiliation. See end of article for author disclosures.



both in the hospital and at the time of discharge,
when patients’ risk for VTE is still elevated.6,7

■ VTE PROPHYLAXIS AS AN EMERGING 
QUALITY MEASURE

Increased recognition of the impact of VTE has
prompted accreditation and quality organizations to
take interest in VTE risk assessment and prophylaxis
as a measure for institutional performance ratings and
even reimbursement. 

The Joint Commission on Accreditation of Health-
care Organizations and the National Quality Forum
have launched a joint project to develop a set of stan-
dardized inpatient measures to evaluate hospitals’
practices for the prevention and treatment of VTE.8

The project has pilot-tested several proposed perform-
ance measures in dozens of volunteer hospitals, includ-
ing measures of whether VTE risk assessment is per-
formed and VTE prophylaxis is initiated (if indicated)
within 24 hours of admission to the hospital or to the
intensive care unit. Hospitals participating in the pilot
program are required to report their rates of potentially
preventable hospital-acquired VTE.

Similarly, the ongoing Surgical Care Improvement
Project (SCIP) has targeted VTE prophylaxis as one
of a handful of priority areas for reducing surgical
complications. As a national quality partnership of
organizations sponsored by the Centers for Medicare
and Medicaid Services (CMS), SCIP set a national
goal in 2005 to reduce preventable surgical morbidity
and mortality by 25% by 2010.9

The stakes of the SCIP initiative are high in both
clinical and financial terms. CMS mandated that hos-
pitals report on three SCIP quality measures in 2007
in order to receive full Medicare reimbursement in
2008. Of the three measures, two involved VTE pro-
phylaxis: (1) how often VTE prophylaxis was ordered
for surgical patients when indicated, and (2) how
often appropriate surgical patients received prophy-
laxis postoperatively. Moreover, beginning October 1,
2008, CMS will no longer reimburse hospitals for cer-
tain preventable conditions, and DVT and PE are
being considered for inclusion in this list of condi-
tions excluded from reimbursement.10

■ PROPHYLAXIS RATES CAN BE IMPROVED
Fortunately, there is evidence that interventions to
increase awareness may increase the rate of VTE pro-
phylaxis. Stinnett et al reported that education, in the
form of hospital-specific data on VTE rates and imple-
mentation of risk-stratification guidelines, increased the
use of VTE prophylaxis in high-risk hospitalized med-
ical patients at a tertiary care center from a preinter-
vention rate of 43% to a postintervention rate of 72%.11

In addition to educational interventions, formal-
ized risk-assessment tools, in the form of electronic
alerts, offer another strategy that may increase rates of
VTE prophylaxis. The promise of this approach was
demonstrated in a study at Brigham and Women’s
Hospital in Boston, in which 2,506 hospitalized
patients at risk for VTE were randomly assigned to
either an intervention group, in which physicians
received a computer alert about the patient’s VTE
risk, or a control group, in which no alert was issued.12

The rate of VTE prophylaxis was more than twice as
high in the intervention group as in the control group
(33.5% vs 14.5%; P < .001), and the 90-day inci-
dence of VTE was reduced from 8.2% in the control
group to 4.9% in the intervention group (P = .001).

■ WHO’S AT RISK FOR VTE?
Our understanding of the risk factors for VTE dates
back more than a century to the work of the German
pathologist Rudolf Virchow, who identified three
broad categories of risk: circulatory stasis, endothelial

OVERVIEW OF VTE PROPHYLAXIS

FIGURE 1. Incidence rates of venous thromboembolism (VTE) per
100,000 population for men and women in the population-based
Worcester DVT Study.2 The increase in incidence for both sexes is
well approximated by an exponential function of age.

Reprinted, with permission, from Archives of Internal Medicine
(Anderson FA Jr, et al. Arch Intern Med 1991; 151:933–938.).

Copyright ©1991 American Medical Association. All rights reserved.
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injury, and hypercoagulable state. These categories
manifest as a multiplicity of specific risk factors, as
outlined in Table 1. Notably, many of these risk fac-
tors are highly prevalent in hospitalized patients. Also
particularly notable is the association between
increasing age and VTE, as illustrated in Figure 1. 

■ OPTIONS FOR VTE PROPHYLAXIS 

An ideal therapy for VTE prophylaxis would be one that
is effective, safe, inexpensive, and easy to administer and
monitor, and that has few side effects or complications.

Mechanical prophylaxis
Mechanical forms of VTE prevention carry no risk of
bleeding, are inexpensive because they can be reused,
and are often effective when used properly.
Mechanical forms include graduated compression
stockings, intermittent pneumatic compression
devices, and venous foot pumps. 

The American College of Chest Physicians
(ACCP), in its Seventh ACCP Conference on
Antithrombotic Therapy and Thrombolytic Therapy,
published in 2004,13 recommends that mechanical
methods be used primarily in two settings:

• In patients with a high risk of bleeding (in whom
pharmacologic prophylaxis is contraindicated)

• As an adjunct to pharmacologic prophylaxis.
Because the use of mechanical forms of prophylaxis in
hospitalized medical patients is not evidence-based,

mechanical prophylaxis should be reserved for those
medical patients at risk for VTE who have a contra-
indication to pharmacologic prophylaxis.

To be effective, mechanical forms of prophylaxis
must be used in accordance with the device manufac-
turer’s guidelines, which is frequently not what hap-
pens in clinical practice. In clinical trials in which the
efficacy of intermittent pneumatic compression
devices was demonstrated, patients wore their devices
for 14 to 15 hours per day.

Pharmacologic options
The pharmacologic options for prevention of VTE
act at different points in the coagulation cascade
(Figure 2), as detailed below. 

Unfractionated heparin (UFH) inhibits factor Xa
and factor IIa equally. Because it is a large heteroge-
neous molecule, UFH is not well absorbed in subcu-
taneous tissue. Its anticoagulant response is variable
because of its short half-life. It must be dosed two or
three times daily subcutaneously for VTE prophylax-
is, and must be given intravenously for treatment of
VTE. The rate of heparin-induced thrombocytope-
nia, a potentially catastrophic adverse drug event, is
considerably higher with UFH than with low-molec-
ular-weight heparins (3% vs 1%).14 Osteopenia can
develop with the use of UFH over even short periods,
and osteoporosis can occur with long-term use.

Low-molecular-weight heparins (LMWHs) prefer-
entially inhibit factor Xa compared to factor IIa. The
LMWHs (ie, enoxaparin [Lovenox], dalteparin [Frag-
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TABLE 1
Risk factors for VTE

Surgery
Trauma
Immobility, paresis
Malignancy
Cancer therapy 
(hormonal chemotherapy
or radiotherapy)
Previous VTE
Increased age 
(especially > 75 yr)
Pregnancy and 
postpartum status
Estrogen-containing 
oral contraception,
or HRT or SERM therapy

VTE = venous thromboembolism; HRT = hormone replacement therapy;
SERM = selective estrogen receptor modulator

Infection
Heart failure
Respiratory failure
Inflammatory bowel disease
Nephrotic syndrome
Myeloproliferative disorders
Obesity
Smoking
Varicose veins
Central venous catheterization
Inherited/acquired thrombophilia
Travel

FIGURE 2. The pathways of coagulation and the points of action
of various classes of anticoagulant therapies.

Reprinted from Nutescu EA, et al. A pharmacologic overview of current 
and emerging anticoagulants. Cleve Clin J Med 2005; 72(Suppl 1):S2 S6.
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Common
pathway

Pentasaccharide
Xa inhibitors

Direct thrombin
inhibitors

AT = antithrombin; UFH = unfractionated heparin; LMWH = low-molecular-weight heparin
Roman numerals represent clotting factors.



min]) are derived from UFH through a chemical depoly-
merization and defractionation process that results in
a much smaller molecule. LMWHs are well absorbed
from subcutaneous tissue and have a predictable dose
response attributable to their longer half-life (relative
to UFH), which allows for once-daily or twice-daily
subcutaneous dosing. As noted above, LMWHs carry
a much lower rate of heparin-induced thrombocytope-
nia compared with UFH. Because LMWHs are pre-
dominantly cleared by the kidneys, dose adjustment
may be needed in patients with renal impairment.

Fondaparinux (Arixtra) is a synthetic pentasaccha-
ride that acts as a pure inhibitor of factor Xa. It binds
antithrombin III, causing a conformational change by
which it inhibits factor Xa and thereby inhibits coag-
ulation further downstream. Fondaparinux has a long
half-life (18 to 19 hours), which enables once-daily
subcutaneous dosing but which also may require
administration of the costly activated factor VII
(NovoSeven) to reverse its effects in cases of bleeding.
Because fondaparinux is cleared entirely by the kid-
neys, it is contraindicated in patients with severe renal
impairment (creatinine clearance < 30 mL/min). It is
also contraindicated in patients who weigh less than
50 kg, due to increased bleeding risk.

Details on the efficacy of these agents for VTE pro-
phylaxis in various patient groups are provided in the
subsequent articles in this supplement.

Investigational anticoagulants
The above pharmacologic options may soon be joined
by several experimental anticoagulants that are cur-
rently in phase 3 trials for VTE prophylaxis—oral factor
Xa inhibitors such as rivaroxaban and apixaban, and
oral factor IIa (thrombin) inhibitors such as dabigatran.
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■ ABSTRACT

Hospitalized acutely ill medical patients are at high
risk for venous thromboembolism (VTE), and clinical
trials clearly demonstrate that pharmacologic prophy-
laxis of VTE for up to 14 days significantly reduces the
incidence of VTE in this population. Guidelines recom-
mend use of low-molecular-weight heparin (LMWH)
or unfractionated heparin (5,000 U three times daily)
for VTE prophylaxis in hospitalized medical patients
with risk factors for VTE; in patients with contraindica-
tions to anticoagulants, mechanical prophylaxis is rec-
ommended. All hospitalized medical patients should
be assessed for their risk of VTE at admission and
daily thereafter, and those with reduced mobility and
one or more other VTE risk factors are candidates for
aggressive VTE prophylaxis. Based on results from 
the recently reported EXCLAIM trial, extended post-
discharge prophylaxis with LMWH for 28 days should
be considered for hospitalized medical patients with
reduced mobility who are older than age 75 or have a
cancer diagnosis or a history of VTE.

T
he need for prophylaxis of venous thromboem-
bolism (VTE) in hospitalized acutely ill med-
ical patients is well established. Without pro-
phylaxis, hospitalized medical patients develop

VTE at a rate of 5% to 15%.1–3 Moreover, pulmonary
embolism (PE) occurs more frequently in hospitalized
medical patients than in nonmedical patients, and is a
leading cause of sudden death in hospitalized medical
patients.4,5 Without appropriate prophylaxis, 1 in 20
hospitalized medical patients may suffer a fatal PE.4

■ PROPHYLAXIS IN MEDICAL PATIENTS:
UNDERUSED AND OFTEN INAPPROPRIATE

Despite these risks and the clear indications for VTE
prophylaxis in hospitalized medical patients, prophy-

laxis of VTE is omitted more often in these patients
than in hospitalized surgical patients.5 Even when
prophylaxis is given, it is often used inappropriately in
the medical population. So concludes a recent analy-
sis of data from 196,104 patients with acute medical
conditions who were discharged from 227 US hospi-
tals from January 2002 to September 2005.6 Criteria
for inclusion in the analysis were patient age of 40
years or older, a hospital stay of 6 days or greater, and
an absence of contraindications to anticoagulation.
Appropriate prophylaxis was defined in accordance
with the Sixth American College of Chest Physicians
(ACCP) Consensus Conference on Antithrombotic
Therapy.7

The analysis revealed an overall VTE prophylaxis
rate of 61.8%, but the rate of appropriate prophylaxis
was only 33.9%, meaning that two-thirds of dis-
charged patients did not receive prophylaxis in accor-
dance with ACCP guidelines. When temporal trends
were analyzed according to groups based on patients’
diagnosis at admission (acute myocardial infarction,
severe lung disease, ischemic stroke, cancer, heart fail-
ure, or trauma), the rate of appropriate prophylaxis
remained essentially flat from the beginning to the
end of the study period for virtually all diagnosis
groups.6

Similar findings have emerged from the
International Medical Prevention Registry on Venous
Thromboembolism (IMPROVE), an ongoing inter-
national registry of acutely ill medical patients.8 Data
from the first 15,156 patients, enrolled from July 2002
through September 2006, reveal that 50% of patients
received pharmacologic and/or mechanical VTE pro-
phylaxis in the hospital, and only 60% of patients
who met established criteria for VTE prophylaxis
actually received it.

Analysis of the US portion of the IMPROVE data
shows that 54% of the US patient sample received
some form of VTE prophylaxis; 22% of US patients
received intermittent pneumatic compression, 21%
received unfractionated heparin (UFH), 14% receivedSee inside front cover for author affiliations. See end of article for author disclosures.



low-molecular-weight heparin (LMWH), and 3%
wore compression stockings.8 Thus, despite a paucity
of data supporting a benefit of intermittent pneumatic
compression in this population,9 it was the most fre-
quently used form of prophylaxis in US patients. 

■ CLINICAL TRIALS OF PHARMACOLOGIC 
PROPHYLAXIS IN MEDICAL PATIENTS

The evidence in support of pharmacologic prophylaxis
of VTE in high-risk hospitalized medical patients is
considerable. Three large double-blind, placebo-
controlled trials of anticoagulants currently available
in the United States have been reported in this
patient population (Figure 1).1–3

The Prophylaxis in Medical Patients with
Enoxaparin (MEDENOX) trial1 randomized 1,102
hospitalized patients to one of two doses of the
LMWH enoxaparin (20 mg or 40 mg once daily sub-
cutaneously) or placebo for 6 to 14 days. Compared
with placebo, the 40-mg dose of enoxaparin was asso-
ciated with a 63% reduction in risk of VTE over 3
months of follow-up (P < .001) (Figure 1).

The Prospective Evaluation of Dalteparin Efficacy
for Prevention of VTE in Immobilized Patients Trial
(PREVENT)2 was a multicenter, randomized, double-
blind study comparing the LMWH dalteparin (5,000
IU daily given subcutaneously for 14 days) with placebo
in 3,706 acutely ill medical patients. Over 90 days of
follow-up, the risk of VTE was reduced by 44% in
patients assigned to dalteparin compared with those
assigned to placebo (P = .0015) (Figure 1).

The Arixtra for Thromboembolism Prevention in
a Medical Indications Study (ARTEMIS)3 random-
ized 849 medical patients 60 years or older to 6 to 14
days of therapy with the selective factor Xa inhibitor
fondaparinux (2.5 mg once daily subcutaneously) or
placebo. Compared with the placebo group, fonda-
parinux recipients had a 47% lower risk of developing
VTE by day 15 (P = .029) (Figure 1).

Fewer events and fatal PEs,
but no effect on all-cause mortality
A recent meta-analysis by Dentali et al10 further
demonstrates the efficacy of anticoagulant therapy for
preventing symptomatic VTE in hospitalized medical
patients. This analysis included several other trials in
addition to the three reviewed above,1–3 for a total of
nine randomized studies (seven of which were dou-
ble-blind) comprising 19,958 patients. Across the
nine studies, anticoagulant prophylaxis was clearly
superior to placebo in preventing fatal PE (relative
risk, 0.38 [95% CI, 0.21 to 0.69]). There was a strong
trend toward a reduction in symptomatic deep vein
thrombosis (DVT) with prophylaxis but no effect on
all-cause mortality. The meta-analysis also provided
reassurance that prophylaxis does not increase the
rate of major bleeding.  

■ HOW DO THE PROPHYLAXIS OPTIONS STACK UP?

What the ACCP recommends
Current ACCP guidelines recommend the use of either
LMWH or low-dose UFH (5,000 U subcutaneously two
or three times daily) as a grade 1A recommendation for
VTE prophylaxis in patients with medical conditions
and risk factors for VTE.9 This represents the guide-
lines’ highest level of recommendation, ie, one that is
based on randomized controlled trials (RCTs) without
important limitations. In contrast, the 2006 Inter-
national Consensus Statement, developed as a col-
laborative effort among expert bodies on VTE, speci-
fied a more narrow dosing recommendation for UFH in
this patient population (5,000 U three times daily, not
twice daily) as well as specifying 40 mg once daily as
the recommended dose of enoxaparin and 5,000 IU
once daily as the recommended dose of dalteparin.11

For medical patients with risk factors for VTE who
have a contraindication to anticoagulant prophylaxis,
the ACCP guidelines recommend the use of graduated
compression stockings or intermittent pneumatic
compression devices as a grade 1C+ recommendation
(“no RCTs but strong RCT results can be unequivo-
cally extrapolated, or overwhelming evidence from
observational studies”9).

VTE PREVENTION IN THE HOSPITALIZED MEDICAL PATIENT

FIGURE 1. Rates of venous thromboembolism (VTE) in three large
double-blind, placebo-controlled studies of pharmacologic prophy-
laxis of VTE in high-risk hospitalized medical patients.

Reprinted, with permission, from New England Journal of Medicine
(Francis CW. Prophylaxis for thromboembolism in hospitalized 

medical patients. N Engl J Med 2007; 356:1438–1444.).
Copyright © 2007 Massachusetts Medical Society. All rights reserved.
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The ACCP guidelines do not address the use of
fondaparinux in their recommendations for VTE pro-
phylaxis in medical patients.

Getting a handle on bleeding risk
Patient characteristics that exclude pharmacologic
thromboprophylaxis due to bleeding risk are generally
limited to active bleeding or coagulopathy, as demon-
strated by a platelet count less than 50,000 cells/�L or
an international normalized ratio greater than 1.5.
Additionally, bleeding risk should be carefully assessed
if an invasive procedure is planned during a patient’s
hospital stay. 

It is worth noting that the anticoagulant doses used
for VTE prophylaxis are a fraction of those used for
treatment of VTE. Thus, if a patient would be treated
with full-dose anticoagulation if VTE developed, then
that patient should be eligible for VTE prophylaxis.

Because the use of mechanical forms of prophylaxis
in medical patients is not truly evidence-based,
mechanical prophylaxis should be reserved for medical
patients who have a contraindication to anticoagu-
lants, or for use in combination with anticoagulants in
patients at very high risk of VTE. 

UFH vs LMWH
Two meta-analyses have compared UFH with
LMWH for VTE prevention in medical patients.12,13

In a recent analysis that included 10 trials directly
comparing the two therapies, 14 trials comparing
UFH with control, and 11 trials comparing LMWH
with control, Wein et al found a lower risk of DVT
with LMWH than with UFH (relative risk, 0.68 [95%
CI, 0.52 to 0.88]) but no difference between the ther-
apies in mortality or bleeding risk.12 In an earlier and
smaller analysis, Mismetti et al found no significant
differences between UFH and LMWH in preventing
DVT or death but did find a significant reduction in
major bleeding episodes with LMWH versus three-
times-daily UFH (52% relative reduction; P = .049).13

Randomized trials also reveal that enoxaparin 40
mg once daily is as efficacious as UFH 5,000 U three
times daily for VTE prevention in medical patients.14,15

The above analysis by Wein et al12 and an additional
meta-analysis by King and colleagues16 found that
three-times-daily dosing of UFH is more efficacious
than twice-daily dosing of UFH, but at the expense of
more bleeding, including major bleeding. 

Economic considerations
Because of differences in drug acquisition costs between
UFH and the LMWH agents, several economic eval-
uations have compared the use of these therapies for
prophylaxis in medical patients at risk of VTE. 

In an analysis of hospital costs for medical patients
receiving VTE prophylaxis from more than 330 US
hospitals for the period 2001–2004, Burleigh et al
found that mean total hospital costs were higher for
patients who received UFH than for those who
received LMWH ($7,615 vs $6,866) even though
mean drug costs were higher for LMWH ($791 vs
$569 for UFH).17 A reduction in hospital length of
stay appeared to contribute to the overall savings
with LMWH; other contributors may have included
costs associated with heparin-induced thrombo-
cytopenia (HIT) in UFH recipients or the extra nurs-
ing time required for administering UFH in two or
three daily doses.

Leykum et al used a decision analysis model to
estimate the economic effect of substituting enoxa-
parin for UFH in hospitalized medical patients for
whom VTE prophylaxis is indicated.18 Cost data were
based on Medicare reimbursement rates as well as
drug and laboratory costs for a multi-institutional
health system. The model assumed HIT incidence
rates of 2.7% with UFH and 0.3% with enoxaparin.
It also assumed the cost of a daily dose to be $4 for
UFH versus $84 for enoxaparin. From the payer per-
spective, the model showed that substituting enoxa-
parin for UFH would reduce the overall cost of care
by $28.61 per day on a per-patient basis, despite
enoxaparin’s higher acquisition cost, and would save
$4,550 per quality-adjusted life-year by reducing the
incidence of HIT. 

Another cost analysis confirms the association
between HIT and increased hospital costs. Creekmore
et al retrospectively analyzed data from 10,121 adult
medical patients who received VTE prophylaxis at the
University of Utah Hospital in Salt Lake City from
August 2000 to November 2004.19 They found that an
admission during which HIT developed incurred a
mean cost of $56,364, compared with $15,231 for an
admission without HIT. Because LMWH was associ-
ated with a lower incidence of HIT compared with
UFH (0.084% vs 0.51%, respectively), LMWH
reduced the incremental cost of VTE prophylaxis by
$13.88 per patient compared with UFH.

■ THE EXCLAIM TRIAL:
IS THERE A ROLE FOR EXTENDED PROPHYLAXIS?

Although the previously discussed studies have clearly
demonstrated the benefit of in-hospital VTE prophy-
laxis for acutely ill medical patients, none has rigor-
ously examined extended-duration out-of-hospital
prophylaxis in these patients. This represents an
important gap in the literature, since a substantial
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proportion of VTE develops in the outpatient setting
within 3 months of a hospitalization, and most outpa-
tient VTE episodes occur within 1 month of a pre-
ceding hospitalization.20

To begin to fill this gap, the Extended Clinical
Prophylaxis in Acutely Ill Medical Patients
(EXCLAIM) trial was conducted to compare 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.21

Patients and study design
Patients were eligible for enrollment if they were
aged 40 years or older and had recent immobilization
(� 3 days), a predefined 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
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
subcutaneously once daily or placebo for an additional
28 ± 4 days. 

The primary efficacy end point was the incidence
of VTE events, defined as asymptomatic DVT docu-
mented by mandatory ultrasonography at the end of

the double-blind treatment period (28 ± 4 days) or as
symptomatic DVT, symptomatic PE, or fatal PE at
any time during the double-blind period. Symp-
tomatic DVT was confirmed by objective tests; PE
was confirmed by ventilation-perfusion scan, computed
tomography, angiography, 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. 

Population amended at planned interim analysis
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 analy-
sis was performed to identify this subgroup.

The resulting amended inclusion criteria were the
same as above except that level 2 mobility had to be
accompanied by at least one of three additional high-
risk criteria: (1) age greater than 75 years, (2) history
of VTE, or (3) diagnosis of cancer.

The trial’s main exclusion criteria were evidence of
active bleeding, a contraindication to anticoagulation,
receipt of prophylactic LMWH or UFH more than 72
hours prior to enrollment, treatment with an oral anti-
coagulant within 72 hours of enrollment, major sur-
gery within the prior 3 months, cerebral stroke with
bleeding, and persistent renal failure (creatinine clear-
ance < 30 mL/min).

Results
The amended study population included 5,105
patients, 5,049 of whom received open-label enoxa-
parin. 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. 

Efficacy. As detailed in Table 1, 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. Rates of PE and fatal PE were
also lower with enoxaparin than with placebo, but
the number of events was so small that the between-

VTE PREVENTION IN THE HOSPITALIZED MEDICAL PATIENT

TABLE 1
Primary efficacy outcomes in EXCLAIM trial 
at end of extended-duration prophylaxis period21

Incidence 
Enoxa- Relative P for

Placebo parin reduction difference

Overall VTE 4.9% 2.8% 44% .0011
events
Asymptomatic 3.7% 2.5% 34% .0319
proximal DVT
Symptomatic 1.1% 0.3% 73% .0044
VTE
PE 0.2% 0% ⎯ NS
Fatal PE 0.1% 0% ⎯ NS

VTE = venous thromboembolism; DVT = deep vein thrombosis;
PE = pulmonary embolism; NS = not significant
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group differences were not statistically significant. 
The efficacy of extended prophylaxis with enoxa-

parin 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 = .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 = .179).

Safety. 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 = .019). Minor bleeding was also more
common with enoxaparin (5.20% vs 3.70%; P = .024).

Conclusions
The EXCLAIM trial found that an extended-duration
(38-day) enoxaparin regimen significantly reduced the
overall incidence of VTE relative to a 10-day enoxa-
parin regimen in acutely ill medical patients with
reduced mobility. At the same time, the extended reg-
imen was associated with a significant increase in the
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A 76-year-old woman is admitted and treated in the hospital
for sepsis from a urinary source. She is sedentary while in the
hospital but has no known risk factors for bleeding. 

Her medical history consists of congestive heart failure
(ejection fraction of 20% based on an echocardiogram
obtained 1 month ago). She has no surgical history. 

Her medications prior to admission were furosemide 20
mg twice daily, benazepril 40 mg/day, and carvedilol 12.5
mg/day. She has no known allergies. She reports no history of
tobacco, alcohol, or illicit drug use. 

Her laboratory values, which include platelets, hemoglobin,
hematocrit, and creatinine, are all within the normal range
except for an elevated white blood cell count of 15 on admission,
which improves to normal over the course of her hospital stay. 

She recovers well after 4-day treatment for urinary sepsis
and heart failure with appropriate antibiotics and properly
titrated fluids. She is ready for safe discharge on the fifth day of
hospitalization but is still not at her baseline level of activity.

■ IS THIS PATIENT AT RISK FOR VTE?
Risk-factor assessment reveals that this patient has four
risk factors for VTE: 

• Age greater than 75 years. Older age, even on its
own, is a significant risk factor for VTE. After the sec-
ond decade of life, the risk of VTE increases exponen-
tially in both men and women.25

• History of congestive heart failure (CHF). In a retro-
spective case-control study, an ejection fraction less than
20% was associated with an odds ratio for VTE of 38.3.26

• Infectious etiology for her hospitalization (sepsis
from urinary source). In the first 2 weeks following an
acute urinary tract infection, the risk of DVT is doubled.27

• Sedentary state in the hospital and at discharge.
In the MEDENOX trial, immobilized patients who
received no prophylaxis (placebo) had a VTE incidence
rate of 20.3%.28

The presence of multiple VTE risk factors in hospi-
talized patients is becoming the norm. The risk for VTE
increases as the number of risk factors increases, such

that nearly all hospitalized patients with five or more risk
factors will have the potential to develop DVT if ade-
quate prophylaxis is not used.29

Without prophylaxis, the incidence of VTE in sub-
jects enrolled in the MEDENOX trial who had the indi-
vidual risk factors seen in this patient ranged from 14.6%
(for acute heart failure) to 15.5% (for acute infectious
disease) to 18.4% (for age > 75 years) to 20.3% (for
immobility).28 Therefore, this patient has, at minimum,
a 15% to 20% likelihood of developing VTE without
prophylaxis, based on any single risk factor, and most
likely a much higher risk given her multiple risk factors.

■ WHAT IS THE APPROPRIATE PROPHYLAXIS?

The FDA-approved options for prevention of VTE are
LMWH, UFH, and mechanical devices. As noted in the
main text, current ACCP guidelines give preference to
LMWH and low-dose UFH for VTE prophylaxis in
medical patients; for patients with a contraindication to
anticoagulants (see Figure 2), graduated compression
stockings or intermittent pneumatic compression de-
vices are recommended.9

Our patient has CHF and an infectious etiology for
her hospital admission. In the MEDENOX trial, prophy-
laxis with LMWH significantly reduced the 14-day inci-
dence of VTE compared with placebo in patients with
acute heart failure (P = .02) or acute infectious disease (P
= .01).1,28 The risk of major bleeding with pharmacologic
prophylaxis in medical patients is minimal, according to
the meta-analysis of Dentali et al.10 Our patient, there-
fore, seems likely to benefit from pharmacologic prophy-
laxis given that she has no known contraindications. 

Choice of anticoagulant
In choosing between LMWH and UFH, the efficacy of
each in preventing DVT and the risks of bleeding and
development of HIT must be considered.

As reviewed in the main text, two meta-analyses com-
paring UFH and LMWH for prophylaxis in medical

Case study: A 76-year-old woman with sepsis and heart failure



rate of major bleeding, although the incidence of
major bleeding was low. The investigators concluded
that the net clinical effect of extended-duration pro-
phylaxis with enoxaparin is favorable, as only 46
patients would need to be treated to prevent one VTE
event, whereas 224 patients would need to be treated
to result in one major bleeding event.21

For this reason, it is reasonable to consider extended
prophylaxis for hospitalized medical patients after iden-
tifying these patients’ risk factors. In keeping with the
trial’s amended inclusion criteria, patients older than

age 75 and those with cancer or prior VTE should
receive special consideration for extended prophylaxis. 

■ RECOMMENDED APPROACH TO VTE PREVENTION
IN HOSPITALIZED MEDICAL PATIENTS

Given the wide gap between the evidence reviewed
above and current practice worldwide,8,22,23 we propose
the algorithm presented in Figure 2 for the prevention
of VTE in hospitalized medical patients. Our recom-
mended approach is guided by the principles below:

• All hospitalized medical patients should be
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patients yielded results favorable to LMWH: Wein et al
found significantly lower rates of DVT with LMWH but
no difference in bleeding risk,12 and Mismetti et al found a
nonsignificant reduction in DVT rates but a significantly
lower risk of bleeding with LMWH.13 Neither analysis
found differences in mortality between UFH and LMWH.

The outcomes of HIT are significant. Among patients
who receive treatment for HIT, new thrombosis occurs in
10% to 20%, amputation is necessary in 5% to 15%, and
death occurs in 10% to 20%.30 Few studies have evaluat-
ed rates of HIT with thromboprophylaxis in medical
patients, but a meta-analysis evaluating HIT rates in 15
clinical trials directly comparing LMWH with UFH for
thromboprophylaxis, mostly in surgical patients, found
that the incidence of HIT was more than 10 times higher
with UFH than with LMWH (2.6% vs 0.2%).31

Thus, this 76-year-old woman with four risk factors for
VTE and no contraindications to anticoagulants should
receive prophylaxis with either LMWH or three-times-
daily low-dose UFH. LMWH is preferred, given its asso-
ciation with lower rates of DVT in the meta-analysis by
Wein et al,12 its association with lower bleeding risk in
the meta-analysis by Mismetti et al,13 its lower incidence
of HIT, and its once-daily dosing.

■ IS EXTENDED PROPHYLAXIS INDICATED?

Should this patient be offered out-of-hospital extended
prophylaxis? If so, for how many days? 

In the EXCLAIM trial, which evaluated 28 days of
extended prophylaxis following discharge, 1-month rates
of VTE, proximal DVT, and symptomatic VTE were
44% lower, 34% lower, and 73% lower, respectively, in
patients who received extended prophylaxis with
LMWH relative to those who did not.21 When the
EXCLAIM results were analyzed by patients’ primary
diagnosis at study entry, extended prophylaxis was asso-
ciated with a 36% relative reduction in the risk of VTE
among patients with a primary diagnosis of heart failure
and a 34% relative reduction among patients with acute
infectious disease as a primary diagnosis.

The EXCLAIM investigators concluded that the num-

ber needed to treat with extended prophyalaxis to prevent
one VTE event is much smaller than the number needed
to harm in terms of major bleeding (46 vs 224). This,
together with the fact that age greater than 75 years was
one of the trial’s amended entry criteria, supports consid-
eration of 28 days of extended prophylaxis in our patient. 

■ OTHER CONSIDERATIONS

What if the patient had renal insufficiency 
or were on dialysis?
Sanderink et al assessed antifactor Xa levels and anti-Xa
clearance in a study of healthy volunteers and patients
with mild, moderate, or severe renal impairment given
enoxaparin 40 mg once daily for 4 days.32 On day 4, anti-
Xa clearance was 39% lower in patients with severe renal
impairment (creatinine clearance � 30 mL/min) than in
healthy controls (P = .0001), but anti-Xa exposure was
not significantly different between controls and patients
with mild or moderate renal impairment. The authors
recommended a decrease in enoxaparin dosage to 30
mg/day in patients with creatinine clearance of 30
mL/min or less but no dosage adjustment in those with
mild or moderate renal impairment, as reflected in enox-
aparin labeling. In contrast, no adjustment in the dosage
of dalteparin appears to be necessary in patients with
severe renal insufficiency.33

In the case of dialysis patients, there are no studies to
support using LMWH for pharmacologic prophylaxis.
Because the risk of HIT is extremely low in patients on
dialysis, especially compared with orthopedic surgery
patients, expert consensus generally favors using UFH
for VTE prophylaxis in patients on dialysis. 

What if the patient weighed more than 100 kg?
Data are sparse in the obese medically ill population, but
in a series of patients undergoing bariatric surgery, VTE
prophylaxis with 40 mg of enoxaparin twice daily was
associated with significant reductions in length of hospi-
tal stay, operating room time, and rates of postoperative
VTE compared with 30 mg of enoxaparin twice daily,
without any increase in bleeding complications.34



screened at the time of admission and patients at risk
for VTE should receive prophylaxis. 

• All patients with reduced mobility and one or
more other risk factors for VTE are candidates for
prophylaxis. 

• Patients should be reassessed daily for the develop-
ment of VTE risk factors during their hospitalization if
risk factors are absent on admission.

• If screening or reassessment reveals any VTE risk
factors, pharmacologic prophylaxis is the mainstay of
therapy. If exclusion criteria for pharmacologic pro-
phylaxis are present, mechanical prophylaxis with
graduated compression stockings and intermittent
compression devices should be used. For very high-
risk medical patients without a contraindication to
anticoagulants, combination prophylaxis with both
an anticoagulant and mechanical devices is preferred.

• In this patient population, LMWH agents are pre-
ferred as pharmacologic prophylaxis over UFH and over
fondaparinux (which is not currently approved by the
US Food and Drug Administration for this population). 

• If UFH is to be used in this patient population,
5,000 U three times daily is the preferred dosage.

• Extended pharmacologic prophylaxis should be
considered in patients older than age 75 and in patients
with a cancer diagnosis or a prior VTE episode.

■ DISCUSSION: ADDITIONAL PERSPECTIVES 
FROM THE AUTHORS

Dr. Jaffer: Dr. Spyropoulos, are there any guidelines,
other than those from the ACCP, that speak to VTE
prophylaxis in hospitalized medical patients? If so,
what are their take-home messages and how do they
differ from the ACCP guidelines? 

Dr. Spyropoulos: I was part of the group that devel-
oped the International Consensus Statement (ICS)
published in International Angiology in 2006,11 which
is more recent than the seventh ACCP guidelines,
which were published in 2004. The ICS drew on
much of the same data that the ACCP did, but we did
an updated review of clinical trials. 

For VTE prophylaxis in hospitalized medical
patients, the ICS recommendations are more specific
with regard to the type, dose, and dosing frequency of
anticoagulant agents. First, they specify doses for both
LMWH agents in this patient setting: 40 mg once daily
for enoxaparin, and 5,000 IU once daily for dalteparin. 

The ICS document also states that if UFH is the
choice for prophylaxis, a regimen of 5,000 U three
times daily should be considered. In the past year
alone, two analyses suggest that three-times-daily dos-

ing of UFH in medical patients provides superior effi-
cacy to twice-daily dosing, although perhaps at the
expense of more bleeding episodes.12,16 It is important
to remember that no large placebo-controlled trial
supports the efficacy of a UFH regimen of 5,000 U
twice daily in this population.

Finally, the ICS document states that fondapar-
inux 2.5 mg once daily is a viable option for prophy-
laxis in medical patients, based on the ARTEMIS
trial,3 even though this represents an off-label use.

Dr. Jaffer: Real-world use of VTE prophylaxis is far
from optimal, especially in medical patients, and this
is partly a result of system-of-care issues. I’d like to
conclude by asking each of my colleagues to offer your
perspectives on how your own institutions have
improved their systems of care to promote better use
of VTE prophylaxis and what lessons might be shared
with others. Dr. McKean, you work at Brigham and
Women’s Hospital, which recently reported impres-
sive results with an electronic alert system designed to
increase clinicians’ consideration of VTE risk assess-
ment and use of prophylaxis.24 Please tell us about
that study and the alert system.

Dr. McKean: Despite many educational initiatives at
Brigham and Women’s Hospital, there were still some
patients at high risk for VTE who were not receiving
appropriate prophylaxis. What Dr. Samuel Goldhaber
and his colleagues wanted to determine was whether
changing the system of care could result in a reduced
incidence of VTE.24 They devised a computer software
program linked to the patient database that used eight
common risk factors to determine each hospitalized
patient’s risk profile for VTE. Each risk factor was
weighted according to a point scale, with major risk
factors (cancer, prior VTE, or hypercoagulability)
assigned 3 points, the intermediate risk factor of surgery
assigned 2 points, and minor risk factors (advanced age,
obesity, immobility, or use of hormone replacement
therapy or oral contraceptives) assigned 1 point. For
patients with a total risk score of 4 or greater, the com-
puter screen generates a color-coded VTE risk alert
that requires the physician to acknowledge the alert
and choose one of three options: order prophylaxis as
appropriate, review a 60-page document on the com-
puter to learn more about prophylaxis, or do nothing.

The study found that hospitalized patients who
were randomized to treatment under the computer
alert system were significantly more likely to receive
VTE prophylaxis and significantly less likely to develop
VTE than were patients randomized to a control
group. The alert system reduced the risk of DVT or

VTE PREVENTION IN THE HOSPITALIZED MEDICAL PATIENT

S14 CLEVELAND CLINIC JOURNAL OF MEDICINE      VOLUME 75 • SUPPLEMENT 3      APRIL  2008



PE at 90 days by 41% in patients considered to be at
high risk. It was particularly interesting that the inci-
dence of VTE was lower in the intervention group
even when physicians chose not to use prophylaxis,
which suggests that simply having this alert system in
place improved outcomes, perhaps by raising aware-
ness of the risk of VTE.24

Additional studies are needed to better understand
physicians’ behavior and determine why they seem to
have a disproportionate fear of the risk of bleeding
relative to the risk of clotting, including fatal PE,
because that’s really the heart of the matter. When
patients are not given prophylaxis, often it’s because
of the fear of bleeding. It is not clear, however, why
some of these patients did not receive mechanical
devices as an alternative form of prophylaxis, but this
seems to be the case worldwide, as shown recently by
the multinational ENDORSE study.22 Meanwhile, as
we await studies to better understand physician per-
ceptions and behaviors regarding prophylaxis, we
need to work hard to change the system of care.

Dr. Deitelzweig: Over the past couple of years, the
Ochsner Clinic has grown from a one-hospital teach-
ing organization to a seven-hospital system with a mix
of closed and open medical staff. The challenge is how
to take a process that worked well in the one center,
where appropriate prophylaxis was used about 90% of
the time, and transfer it to the other centers in the
larger system. We have endorsed several types of per-
formance tools, such as the change-acceleration
processes used by General Electric. The aim is to share
a vision of heightening awareness. To do that, we’ve
worked to mobilize the key stakeholders, at least half
of them, to build algorithms that they all will endorse.
It is easier said than done, however, and we’ve found
it essential to involve both physicians and nonphysi-
cian colleagues from pharmacy and nursing who have
political and organizational clout.

Dr. Brotman: At Johns Hopkins, I took a bit more dra-
conian approach to this issue because I thought that
hospitalists often knew that they should be using VTE
prophylaxis but sometimes weren’t, and I am not con-
vinced that clinicians always look at prompts. So we
came up with a system that incorporates both billing
and documentation simultaneously. We put a hard stop
on users’ documentation so that they could not sign off
on a note or bill for their care until they checked off the
kind of VTE prophylaxis they were using. Since hospi-
talists ultimately care about billing for their work, this
system has at least ensured that everybody has consid-
ered and documented VTE prophylaxis on a daily basis.

There are other hard stops that can be implemented in
computer order-entry systems as well, and we are con-
sidering ways to roll them out on a broader scale. 

However, all of these systems can have problems
because patient situations change from day to day. For
instance, VTE prophylaxis is not necessarily indicated
in a 38-year-old ambulatory patient who comes in with
a sickle cell crisis, but you will need to reconsider if the
patient ends up in acute chest syndrome in the inten-
sive care unit. I don’t yet have a good way to ensure
that this is being done on a daily basis with all patients.

Dr. Amin: At the University of California, Irvine, we
implemented an electronic alert system, but we
locked users in so that they could not complete their
admission orders until they answered questions about
VTE prevention. This practice increased our VTE
prophylaxis rates tremendously. Because we are a
level I trauma center, we allow users to bypass the
screens one time, but the next time they log in, even
to get a simple lab result, they have to answer the
questions about VTE prevention. 

With any system you develop, you also have to con-
tinue with the education process, because clinicians
sometimes get into bad habits or simply forget things. 

Dr. Spyropolous: At Lovelace Medical Center, we
didn’t have the sophistication of an electronic order-
entry system, but we had an experienced clinical phar-
macist (the director of inpatient pharmacy) who helped
to develop and champion VTE prevention guidelines
that have then been used throughout the system in
close conjunction with our hospitalists’ rounds. This
system has been used successfully for the past 7 years. 
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Prevention of venous thromboembolism 
in the cancer surgery patient
■ ABSTRACT

Cancer patients, especially those undergoing surgery
for cancer, are at extremely high risk for developing
venous thromboembolism (VTE), even with appropriate
thromboprophylaxis. Anticoagulant prophylaxis in can-
cer surgery patients has reduced the incidence of VTE
events by approximately one-half in placebo-controlled
trials, and extended prophylaxis (for up to 1 month) has
also significantly reduced out-of-hospital VTE events
in clinical trials in this population. Clinical trials show
no difference between low-molecular-weight heparin
(LMWH) and unfractionated heparin in VTE prophylaxis
efficacy or bleeding risk in this population, although the
incidence of heparin-induced thrombocytopenia is
lower with LMWH. The risk-benefit profile of low-
dose anticoagulant prophylaxis appears to be favor-
able even in many cancer patients undergoing neuro-
surgery, for whom pharmacologic VTE prophylaxis
has been controversial because of bleeding risks.

V
enous thromboembolism (VTE) is a major
complication of cancer, occurring in 4% to
20% of patients,1 and is one of the leading
causes of death in cancer patients, although

these figures are believed to be underestimates, given
the low autopsy rates among cancer patients.2 In hospi-
talized cancer patients specifically, VTE is the second
leading cause of death.3,4 The risk of VTE in cancer
patients undergoing surgery is three to five times greater
than that in surgical patients without cancer.4

Moreover, cancer patients with symptomatic deep vein
thrombosis (DVT) exhibit a high risk of recurrent VTE
that may persist for many years after the index event.5

■ VTE PREVENTION POSES PARTICULAR CHALLENGES
IN CANCER PATIENTS

Until recently, data on VTE prevention specific to
cancer patients have been sparse. Cancer patients have

represented only a small subset (< 20%) of participants
in most of the largest clinical trials of VTE prophylaxis.
Until the past 2 or 3 years, clinicians largely have had
to extrapolate their approach to VTE prophylaxis in
cancer patients from data in patients without cancer,
bearing in mind that cancer patients are among the
populations at highest risk of developing VTE.

High rates of VTE, even with prophylaxis
What has been clear is that VTE prevention is a for-
midable challenge in this population, even when
thromboprophylaxis is used. Despite thromboprophy-
laxis, cancer patients undergoing surgery have twice
the risk of VTE and nonfatal pulmonary embolism
(PE) and three times the risk of fatal PE compared
with other surgical patients (Table 1).6,7

Further insights have come from the @RISTOS
project, a Web-based prospective registry of patients
undergoing general, urologic, or gynecologic surgery for
cancer at multiple centers in Italy.8 Of the 2,372
patients tracked in this study, 82% received in-hospital
VTE prophylaxis and 31% received prophylaxis fol-
lowing discharge. Despite this relatively high frequency
of prophylaxis, however, the incidence of clinically
overt VTE was 2.1% and the incidence of fatal VTE
was 0.8%. Notably, most VTE events occurred after
hospital discharge, and VTE was the most common
cause of 30-day postoperative death in this registry.

■ RISK FACTORS: CANCER TYPE AND TREATMENT
LOOM LARGE

Both the type and stage of a patient’s cancer are
important in assessing the risk of VTE. For men, can-
cers of the prostate, colon, brain, and lung have been
associated with an increased risk of VTE. Among
women, cancers of the breast, ovary, and lung have
been especially implicated as risk factors for VTE.9,10

The type of cancer therapy also influences VTE risk:
• Surgery. Among patients who undergo cancer-

related surgery, the rate of proximal DVT is 10% to
20%, the rate of clinically evident PE is 4% to 10%,
and the incidence of fatal PE is 0.2% to 5%.8,11See inside front cover for author affiliations. See end of article for author disclosures.



• Systemic treatments, including chemotherapy
and hormone therapy, are also associated with an
increased risk of VTE.12–15

• Central venous catheters. Approximately 4% of
cancer patients who have central venous catheters
placed develop clinically relevant VTE.16,17

In addition to the above risks related to cancer
treatments, the following have been identified as risk
factors for VTE in surgical oncology patients:

• Age greater than 40 years (risk also increases
steeply after age 60 and again after age 75)

• Cancer procoagulants
• Thrombophilia
• Length and complications of cancer surgery (ie,

often involving tissue trauma and immobilization)
• Debilitation and slow recovery.
Another risk factor worth noting is perioperative

transfusion, as illustrated in a recent study of 14,104
adults undergoing colorectal cancer resection.18 The
overall incidence of VTE in these patients was 1.0%,
and the risk of death was nearly four times as great in
patients who developed VTE as in those who did not.
Notably, the need for transfusion was a marker of
increased risk of VTE, particularly in women: women
who received perioperative transfusions had almost
double the risk of developing VTE compared with
women who did not receive transfusions (P = .004).

■ CLINICAL TRIALS OF PROPHYLAXIS 
IN CANCER SURGERY PATIENTS

LMWH vs UFH for in-hospital prophylaxis
Two large randomized, double-blind trials have com-
pared low-molecular-weight heparin (LMWH) with
low-dose unfractionated heparin (UFH) for VTE pro-

phylaxis in surgical cancer patients—the Enoxaparin
and Cancer (ENOXACAN) study19 and the Canadian
Colorectal Surgery DVT Prophylaxis Trial.20 Patients
in these studies underwent surgery for abdominal or
pelvic cancer (mostly colorectal cancer). Both studies
compared 40 mg of the LMWH enoxaparin given once
daily with 5,000 U of UFH given three times daily for
7 to 10 days postoperatively. Outcome measures were
the presence of DVT determined by venography on
day 7 to 10 and the incidence of symptomatic VTE.
Rates of VTE were statistically equivalent between the
two treatment arms in both ENOXACAN (14.7%
with LMWH vs 18.2% with UFH) and the Canadian
Colorectal Surgery study (9.4% with both therapies),
as were rates of major bleeding (4.1% with LMWH vs
2.9% with UFH in ENOXACAN; 2.7% with LMWH
vs 1.5% with UFH in the Canadian study).

These findings are consistent with a 2001 meta-
analysis by Mismetti et al of all available randomized
trials comparing LMWH with placebo or with UFH
for VTE prophylaxis in general surgery.21 This analysis
found no differences in rates of asymptomatic DVT,
clinical PE, clinical thromboembolism, death, major
hemorrhage, total hemorrhage, wound hematoma, or
need for transfusion between LMWH and UFH in
patients undergoing either cancer-related surgery or
surgery not related to cancer.

Fondaparinux for in-hospital prophylaxis
Subgroup analysis of the large randomized trial known
as PEGASUS22 sheds some light on the efficacy of the
factor Xa inhibitor fondaparinux relative to LMWH
for thromboprophylaxis in cancer surgery patients.
PEGASUS compared fondaparinux 2.5 mg once daily
with the LMWH dalteparin 5,000 IU once daily for 5
to 9 days in patients undergoing high-risk abdominal
surgery. Among the study’s 1,408 patients undergoing
surgery for cancer, rates of VTE were 4.7% in the fon-
daparinux group compared with 7.7% in the LMWH
group, a relative risk reduction of 38.6% with fonda-
parinux (95% CI, 6.7% to 59.6%). In contrast, in the
rest of the PEGASUS population (patients under-
going abdominal surgery for reasons other than can-
cer), LMWH was nonsignificantly more efficacious at
preventing VTE than was fondaparinux. Rates of
major bleeding in this cancer subgroup were compara-
ble between the two treatments. 

Extended prophylaxis
Two additional randomized trials have evaluated
extended prophylaxis with LMWH in surgical cancer
patients—ENOXACAN II23 and the Fragmin After
Major Abdominal Surgery (FAME) study.24

VTE PREVENTION IN THE CANCER SURGERY PATIENT

TABLE 1
Event rates in surgical patients with and without
cancer who received anticoagulant prophylaxis*

Noncancer Cancer
surgery surgery P for

(n=16,954) (n=6,124) difference

Postoperative VTE 0.61% 1.26% < .0001
Nonfatal PE 0.27% 0.54% < .0003
Autopsy-confirmed PE 0.11% 0.41% .0001
Death 0.71% 3.14% .0001

* In an international multicenter randomized trial using VTE prophylaxis with
either unfractionated heparin or low-molecular-weight heparin.6,7

VTE = venous thromboembolism; PE = pulmonary embolism
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In ENOXACAN II, patients undergoing surgery for
abdominal or pelvic cancer first received 6 to 10 days
of prophylaxis with enoxaparin 40 mg once daily and
then were randomized in a double-blind fashion to an
additional 21 days of enoxaparin or placebo.23 Among
332 patients in the intent-to-treat analysis, the rate of
VTE at the end of the double-blind phase was reduced
from 12.0% with placebo to 4.8% with extended-dura-
tion enoxaparin (P = .02), an effect that was main-
tained at 3-month follow-up (P = .01). There was no
significant difference between the two groups in rates
of major bleeding events or any bleeding events.

In FAME, patients received 5,000 IU of dalteparin
once daily for 1 week following major abdominal sur-
gery and then were randomized in open-label fashion
to either placebo or extended prophylaxis with dal-
teparin for 3 more weeks; a subanalysis examined out-
comes in the 198 FAME participants whose abdomi-
nal surgery was for cancer.24 Among these 198 cancer
surgery patients, the rate of venography-documented
VTE at 4 weeks was reduced from 19.6% with placebo
to 8.8% with extended-duration dalteparin, a relative
reduction of 55% (P = .03). The rate of proximal DVT
was reduced from 10.4% to 2.2% with extended pro-
phylaxis, a relative reduction of 79% (P = .02).

The number needed to treat with extended
LMWH prophylaxis to prevent one VTE event was
14 in ENOXACAN II23 and 9 in the FAME sub-
analysis of cancer surgery patients.24

New systematic review of relevant trials
Leonardi et al recently published a systematic review
of 26 randomized controlled trials of DVT prophylaxis
in 7,639 cancer surgery patients.25 They found the
overall incidence of DVT to be 12.7% in those who
received pharmacologic prophylaxis compared with
35.2% in controls. They also found high-dose
LMWH therapy (> 3,400 U daily) to be associated
with a significantly lower incidence of DVT than
low-dose LMWH therapy (� 3,400 U daily) (7.9% vs
14.5%, respectively; P < .01). No differences were
demonstrated between LMWH and UFH in prevent-
ing DVT, DVT location, or bleeding. Bleeding com-
plications requiring discontinuation of pharmacologic
prophylaxis occurred in 3% of patients overall.

Implications of HIT
The sequelae of heparin-induced thrombocytopenia
(HIT) can have major consequences for cancer sur-
gery patients. The incidence of HIT is markedly lower
with LMWH than with UFH, as demonstrated in a
nested case-control study by Creekmore et al.26 These
researchers also found that the average cost of an

admission during which HIT developed was nearly
four times as great as the average cost of an admission
during which UFH or LMWH was given without
development of HIT ($56,364 vs $15,231; P < .001). 

■ EVIDENCE IN SPECIFIC ONCOLOGIC POPULATIONS
Most of the patients in the trials reviewed above
underwent abdominal surgery for malignancy.
Although studies of VTE prophylaxis in patients
undergoing nonabdominal cancer surgery are rela-
tively few, some data are available for a few other spe-
cific oncologic populations, as reviewed below. 

Surgery for gynecologic cancer 
There is a paucity of randomized controlled trials or
prospective observational studies on VTE and its pre-
vention in the gynecologic cancer surgery population.
Based on small historical studies, the postoperative risk
of VTE in this population varies from 12% to 35%.27,28

Twice-daily administration of UFH 5,000 U appears to
be ineffective as VTE prophylaxis in this population,
but increasing the frequency to three times daily
reduces VTE risk by 50% to 60% compared with pla-
cebo. Once-daily LMWH is comparable to three-times-
daily UFH in efficacy and safety in this population.

A systematic Cochrane review of eight randomized
controlled trials in patients undergoing major gyneco-
logic surgery revealed that heparin prophylaxis (either
UFH or LMWH) reduces the risk of DVT by 70%
compared with no prophylaxis, with an identical risk
reduction specifically among women with malignancy
(odds ratio, 0.30; 95% CI, 0.10 to 0.89).29 This review
found no evidence that anticoagulation reduces the
risk of PE following major gynecologic surgery. LMWH
and UFH were similar in efficacy for preventing DVT
and had a comparable risk of bleeding complications.

Surgery for urologic cancer
The risk of VTE and the benefits of thromboprophy-
laxis also are poorly studied in patients undergoing
surgery for urologic cancer. 

The risk of VTE varies with the type of urologic sur-
gery and the method used to diagnose VTE. For
instance, patients undergoing radical retropubic prosta-
tectomy have been reported to develop DVT at rates of
1% to 3%, PE at rates of 1% to 3%, and fatal PE at a
rate of 0.6%, whereas the incidences of these events are
somewhat higher in patients undergoing cystectomy:
8% for DVT, 2% to 4% for PE, and 2% for fatal PE.
Radiologic diagnosis of thromboembolism in pelvic sur-
gery patients has yielded higher incidences, with DVT
rates of 21% to 51% and PE rates of 11% to 22%.30

Small studies suggest that prophylaxis with either
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low-dose UFH or LMWH is both effective in reduc-
ing VTE risk and safe in urologic cancer surgery
patients, although pharmacologic prophylaxis poses a
possible increased risk of pelvic hematoma and lym-
phocele formation in this population.30

Neurosurgery
Most neurosurgical procedures are performed for malig-
nancies. The risk of venographic VTE in patients
undergoing neurosurgery is approximately 30% to
40%.31,32 Likewise, the risks of intracranial or
intraspinal hemorrhage in these patients are high. For
this reason, mechanical methods of VTE prophylaxis
are preferred in these patients. The use of anticoagu-
lant prophylaxis remains controversial in this setting,
although more recent data suggest that it might be safer
than previously recognized.

A meta-analysis of studies of pharmacologic prophy-
laxis of VTE in neurosurgery included three randomized
controlled trials that compared LMWH, with or with-
out mechanical prophylaxis, to placebo plus mechani-
cal prophylaxis or placebo alone in a total of 922 neu-
rosurgery patients.33 As detailed in Table 2, the analysis
demonstrated statistically significant reductions in the
risks of VTE and proximal DVT in favor of LMWH,
with a statistically significant doubling in the risk of any
bleeding and a nonsignificant 70% increase in the risk
of major bleeding with LMWH therapy. The number
needed to treat to prevent 1 proximal DVT was 16,

while the number needed to treat to cause 1 major
bleeding event was 115. A risk-benefit analysis showed
that the use of LMWH in neurosurgery patients was
associated with 1 major nonfatal bleeding event for
every 7 proximal DVTs prevented. When a fourth ran-
domized trial was included in the analysis, comparing
UFH 5,000 U three times daily with no prophylaxis,
rates of VTE and bleeding events remained similar to
those for the LMWH trials alone.

■ GUIDELINES FOR VTE PROPHYLAXIS 
IN THE CANCER SURGERY PATIENT

American College of Chest Physicians
The American College of Chest Physicians’ Seventh
ACCP Conference on Antithrombotic and Throm-
bolytic Therapy makes a number of recommendations
regarding VTE prevention in patients undergoing sur-
gery for cancer, as outlined in Table 3.34

National Comprehensive Cancer Network
The National Comprehensive Cancer Network (NCCN)
recently published clinical practice guidelines on
venous thromboembolic disease in cancer patients.35

The defined at-risk population for these guidelines is
the adult cancer inpatient with a diagnosis of (or clini-
cal suspicion for) cancer. The guidelines recommend
prophylactic anticoagulation (category 1 recommenda-
tion) with or without a sequential compression device
as initial prophylaxis, unless the patient has a relative
contraindication to anticoagulation, in which case
mechanical prophylaxis (sequential compression device
or graduated compression stockings) is recommended.
(A category 1 recommendation indicates “uniform
NCCN consensus, based on high-level evidence.”)

The NCCN guidelines include a specific recom-
mended risk-factor assessment, which includes noting
the patient’s age (VTE risk increases beginning at age
40 and then steeply again at age 75), any prior VTE,
the presence of familial thrombophilia or active cancer,
the use of medications associated with increased VTE
risk (chemotherapy, exogenous estrogen compounds,
and thalidomide or lenalidomide), and a number of
other risk factors for VTE as outlined in the prior two
articles in this supplement. The NCCN guidelines
explicitly call for assessment of modifiable risk factors
for VTE (ie, smoking or other tobacco use, obesity, and
a low level of activity or lack of exercise) and call for
active patient education on these factors. 

American Society of Clinical Oncology
The American Society of Clinical Oncology (ASCO)
recently released guidelines on VTE prevention and
treatment in patients with cancer;1 their key recom-
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TABLE 2
Pooled outcomes of three randomized controlled
trials of LMWH prophylaxis in neurosurgery patients*

NNT/ P for
Event Control† LMWH RR‡ NNH§ difference

VTE 28.3% 17.5% 0.6 9 < .001
Proximal 12.5% 6.2% 0.5 16 < .01
DVT
Any 3.0% 6.1% 2.0 33 .02
bleeding
Major 1.3% 2.2% 1.7 115 .30
bleeding

* Adapted from data in the meta-analysis of Iorio and Agnelli.33

† Control was placebo with or without graduated compression stockings (GCS);
in the two studies in which control patients wore GCS, patients in the LMWH
group also wore GCS.

‡ Relative risk with LMWH vs control.
§ Across the three pooled trials, 1 major nonfatal bleeding event was observed

for every 7 proximal DVTs prevented.
LMWH = low-molecular-weight heparin; RR = relative risk; NNT/NNH = number
needed to treat/harm; VTE = venous thromboembolism; DVT = deep vein thrombosis
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mendations for prevention are summarized in Table 4.
Notable differences from the recommendations of the
Seventh ACCP Conference are the ASCO guidelines’
inclusion of fondaparinux among recommended pro-
phylactic options for this population and more explicit
recommendations on the prophylactic use of LMWH.
Also, for treatment of cancer patients with established
VTE, ASCO specifies that LMWH is the preferred anti-
coagulant for both initial and continuing treatment. 

Our recommended algorithm
Drawing from the above formal society guidelines and
the published literature, we recommend the algorithm
in Figure 1 as a practical approach to VTE prevention
in patients undergoing major surgery for cancer.

■ LINGERING CHALLENGE OF UNDERUTILIZATION
Despite this consensus on ways to reduce thrombo-
embolic risk in this population and the clear evidence
of the benefit of VTE prophylaxis in patients with can-
cer, data from several registries confirm a persistently
low utilization of prophylaxis in patients with can-
cer.36–38 The global Fundamental Research in Oncology
and Thrombosis (FRONTLINE) study surveyed 3,891
clinicians who treat cancer patients regarding their
practices with respect to VTE in those patients.36 The
survey found that only 52% of respondents routinely
used thromboprophylaxis for their surgical patients
with cancer. More striking, however, was the finding
that most respondents routinely considered thrombo-
prophylaxis in only 5% of their medical oncology
patients. These data are echoed by findings of other
retrospective medical record reviews in patients under-
going major abdominal or abdominothoracic surgery
(in many cases for cancer), with VTE prophylaxis rates
ranging from 38% to 75%.37,38

■ SUMMARY
Patients undergoing surgery for cancer have an
increased risk of VTE and fatal PE, even when throm-
boprophylaxis is used. Nevertheless, prophylaxis with
either LMWH or UFH does reduce venographic VTE
event rates in these patients. If UFH is chosen for pro-
phylaxis, a three-times-daily regimen should be used
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TABLE 4
American Society of Clinical Oncology recommendations
for VTE prevention in patients with cancer1

Hospitalized patients with cancer should be considered
candidates for VTE prophylaxis with UFH, LMWH, or fonda-
parinux in the absence of bleeding or other contraindications
to anticoagulation.
All patients undergoing major surgery for malignant disease
should be considered for thromboprophylaxis with low-dose
UFH, LMWH, or fondaparinux starting as early as possible 
for at least 7–10 days, unless contraindicated. Mechanical 
methods may be added to anticoagulation in very high-risk
patients but should not be used alone unless anticoagulation
is contraindicated. LMWH for up to 4 weeks may be con-
sidered after major abdominal/pelvic surgery with residual
malignant disease, obesity, and a previous history of VTE.
Ambulatory patients with cancer receiving systemic
chemotherapy do not require routine pharmacologic 
prophylaxis unless they are receiving thalidomide or lenalido-
mide, owing to these agents’ thrombotic risk.

VTE = venous thromboembolism; UFH = unfractionated heparin;
LMWH = low-molecular-weight heparin

TABLE 3
American College of Chest Physicians recommen-
dations for thromboprophylaxis in patients with
cancer and/or undergoing cancer surgery34

Cancer patients undergoing surgical procedures should
receive prophylaxis that is appropriate for their current risk
state (Grade 1A*)
In cancer patients undergoing general, gynecologic, or urologic
surgery:
•  Prophylaxis with low-dose UFH 5,000 U three times daily

or with LMWH > 3,400 U daily† is recommended 
(Grade 1A* for both UFH and LMWH)

•  Mechanical prophylaxis with graduated compression stock-
ings and/or an intermittent pneumatic compression device
is recommended for use in combination with pharmacologic
prophylaxis (Grade 1C+*)

In patients who have undergone major cancer surgery, post-
discharge prophylaxis with LMWH is recommended (Grade 2A*)
In cancer patients, routine prophylaxis is not recommended to
prevent thrombosis related to long-term indwelling central
venous catheters; specifically, clinicians should not use LMWH
(Grade 2B*) or fixed-dosed warfarin (Grade 1B*) in this setting

* Key to recommendation grades:
1A Based on RCTs without important limitations. Strong recommendation;

can apply to most patients in most circumstances without reservation.
1C+ No RCTs but strong RCT results can be unequivocally extrapolated, or

overwhelming evidence from observational studies. Strong recommen-
dation; can apply to most patients in most circumstances.

1B Based on RCTs with important limitations. Strong recommendation; likely
to apply to most patients.

2A Based on RCTs without important limitations. Intermediate-strength 
recommendation; best action may differ depending on circumstances or
patient or societal values.

2B Based on RCTs with important limitations. Weak recommendation; alternate
approaches likely to be better for some patients under some circumstances.

† Translates to 5,000 IU daily for dalteparin and 40 mg daily for enoxaparin.
UFH = unfractionated heparin; LMWH = low-molecular-weight heparin;
RCTs = randomized controlled trials



in this population. In specific surgical cancer popula-
tions, especially those undergoing abdominal surgery,
out-of-hospital prophylaxis with once-daily LMWH
is warranted. Current registries reveal that compli-
ance with established guidelines for VTE prophylaxis
in this population is low.

■ DISCUSSION: ADDITIONAL PERSPECTIVES 
FROM THE AUTHORS

Dr. Jaffer: Dr. Amin, based on your study on thrombo-
prophylaxis rates in US medical centers, will you com-
ment on rates of prophylaxis for cancer surgery patients?

Dr. Amin: The overall study included approximately
200,000 medical patients and about 80,000 surgical
patients enrolled over more than a 3-year period
between 2002 and 2005.39,40 Our goal was to assess
rates of prophylaxis and, when it was provided,
whether it was appropriate (in terms of type, dosage,
and duration) based on the ACCP guidelines. A sub-
analysis assessed medical cancer patients and surgical
cancer patients separately. Medical cancer patients

received thromboprophylaxis 56% of the time but
received appropriate prophylaxis only 28% of the time.
Among surgical cancer patients, appropriate prophy-
laxis was given only about 24% of the time for those
undergoing gynecologic surgery and about 12% of the
time for those undergoing neurosurgery. These per-
centages are consistent with data from other national
registries, such as the IMPROVE registry, which doc-
umented prophylaxis rates on the order of 45% in
medical patients with cancer.41 We also analyzed the
data according to individual practitioners and found
that medical oncologists use prophylaxis about 25%
of the time, which is relatively consistent with other
providers, such as internists and surgeons.  

So there is a huge opportunity to improve rates of
prophylaxis for this group of patients that national
guidelines say are at high risk. Why is prophylaxis so
underutilized in the cancer population? One factor
may be a misperception about the risk of bleeding
with anticoagulants. Yet several studies have shown
that the rate of bleeding from prophylaxis is extremely
low, whether LWMH or UFH is used, so more aware-
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FIGURE 1. Algorithm for VTE prophylaxis in the patient undergoing major surgery for cancer.

Pharmacologic prophylaxis is indicated
Pharmacologic prophylaxis options

• LMWH (preferred)
– Enoxaparin 40 mg SC once daily‡

– Dalteparin 5,000 IU SC once daily 
• UFH 5,000 U SC three times daily§

• Fondaparinux 2.5 mg SC once daily¶

‡ Dose adjustment needed for patients with renal insufficiency.
§ Dose adjustment needed for patients with high risk of bleeding.
¶ Contraindicated in patients with CrCl < 30 mL/min.

Duration of therapy
For LMWH, 4 weeks of therapy is recommended for
abdominal/pelvic surgery patients, in whom benefit of
extended prophylaxis has been demonstrated. No
studies with either UFH or fondaparinux have evalu-
ated extended prophylaxis in this setting.

Combination therapy with mechanical devices
Mechanical methods of prophylaxis may be added to
anticoagulation in patients at very high risk of VTE.

Does patient have any of the following possible exclusion criteria
for pharmacologic prophylaxis?†

• Active bleeding
• Hypersensitivity to UFH or LMWH
• Coagulopathy

– Platelet count < 50,000 cells/�L
– INR > 1.5

• History of heparin-induced thrombocytopenia
† In addition to these exclusion criteria, special consideration is needed when

invasive procedures are planned during the hospitalization.

No

Yes

VTE = venous thromboembolism
UFH = unfractionated heparin
LMWH = low-molecular-weight heparin
INR = international normalized ratio
SC = subcutaneously
CrCl = creatinine clearance

Mechanical prophylaxis measures indicated
(eg, intermittent pneumatic compression

devices, graduated compression stockings)

* For patients undergoing neurosurgery for cancer, pharmacologic prophylaxis appears to be safe enough to use but 
should not be started prior to the procedure; in those at high risk of bleeding, only mechanical measures should be used.

Consider VTE prophylaxis in all patients 
undergoing major surgery for cancer 

(eg, abdominal/pelvic, thoracic,
urologic, gynecologic)*

S22 CLEVELAND CLINIC JOURNAL OF MEDICINE      VOLUME 75 • SUPPLEMENT 3      APRIL  2008



ness of actual bleeding risk is needed. Another factor
is the obvious focus among internists and oncologists
on treating the patient, with perhaps a reduced con-
sideration of prophylaxis and prevention. A third fac-
tor may be a concern about thrombocytopenia.
However, in our study of prophylaxis rates in US
medical centers, we excluded patients who had
thrombocytopenia, yet rates of prophylaxis were still
low. Nothing in the literature indicates that anti-
coagulants cannot be used in patients with platelet
counts of 50,000 to 150,000 cells/�L or higher, so this
suggests that we need to do more education.

Dr. Jaffer: Dr. Brotman, can you tell us more about how
clinicians in practice should use prophylaxis in their
neurosurgery patients, such as those undergoing cran-
iotomy or spine surgery for cancer? What is the safest and
most efficacious way to prevent DVT in these patients?

Dr. Brotman: First, it’s important to recognize that
some sort of prophylaxis needs to be used. Neuro-
surgery patients are at an extremely high risk for
thromboembolic events, and such events are often
fatal in these patients. Having said that, the jury is
still out on whether the prophylaxis in these patients
should be compression devices or anticoagulation.
This gives physicians some latitude in their decisions.
They can decide not to use pharmacologic prophy-
laxis so long as they use pneumatic compression
devices consistently, perhaps even starting during the
operation and certainly throughout hospitalization
when the patient is immobilized. 

Certainly, the concerns about using full-dose antico-
agulation in the immediate postoperative setting in neu-
rosurgery patients are valid. Yet these patients are at very
high risk for thromboembolic events, and if we take too
cautious an approach to prophylaxis in the immediate
perioperative setting, more patients are going to have
thromboembolic events, at which point management
decisions become much more difficult. The risk of
intracranial bleeding with anticoagulation to treat a
patient who develops a DVT at postoperative day 10
will certainly be higher than it would have been with
lower-dose perioperative prophylactic anticoagulation.
Plus, if you put in a filter at that point, the outcomes
tend to be poor. Therefore, I believe there is some degree
of risk that we should be willing to take with regard to
perioperative bleeding, even in neurosurgery patients.

Dr. McKean: I’d like to make a point about combina-
tion prophylaxis. At many institutions, compression
stockings and sequential compression devices are used
preoperatively and intraoperatively, and then pharma-
cologic prophylaxis—for example, twice-daily UFH—is

used postoperatively. There is concern that these
patients are hypercoagulable, and most clinicians
believe that mechanical prophylaxis alone, even with
sequential compression devices plus compression stock-
ings, is not aggressive enough in these high-risk patients.  

Dr. Jaffer: Dr. Spyropoulos, what is the optimal duration
of pharmacologic prophylaxis for cancer surgery patients?

Dr. Spyropoulos: First let’s consider in-hospital pro-
phylaxis. The supportive data for in-hospital prophyl-
axis are strong, and the duration of therapy used in the
major in-hospital prophylaxis trials was 7 to 10 days.
With regard to extended prophylaxis, we have at least
two moderately sized randomized controlled trials,
ENOXACAN II23 and the substudy of FAME,24 that
demonstrated that extending prophylaxis with LMWH
at doses of 3,400 U once daily (5,000 IU of dalteparin;
40 mg of enoxaparin) reduces VTE risk at postoperative
day 30. Also, recent data from the @RISTOS registry
show that in cancer surgery patients, especially those
having abdominal or pelvic procedures, the leading
cause of 30-day mortality was VTE.8 This registry also
shows that despite prophylaxis, the rate of symptomatic
VTE can be as high as 2%, with the rate of fatal VTE
approaching 1%. Thus, in cancer patients undergoing
abdominal or pelvic surgery, physicians should strongly
consider prophylaxis of up to 30 days’ duration.

Dr. Jaffer: One striking finding from the @RISTOS
registry was that 40% of VTE events in these cancer sur-
gery patients occurred after postoperative day 21. This
really underscores the need to consider prophylaxis for
at least 4 weeks in these patients in real-world practice.

Dr. Brotman: The other striking finding from that
registry was that the in-hospital prophylaxis rate was
quite high, about 80%, and the rate of extended pro-
phylaxis approached 35%. These are rates that are
rarely achieved in clinical practice. Yet despite these
high levels of prophylaxis, patients in this registry still
had a high incidence of morbidity and mortality from
VTE. This suggests that we need to improve our out-
of-hospital VTE prevention paradigms.  

Dr. Jaffer: Dr. Deitelzweig, oncologists and internists
are often unsure about whether their ambulatory can-
cer patients who are receiving chemotherapy should be
on any form of prophylaxis. What is your opinion?

Dr. Deitelzweig: That question comes up regularly
because these patients are encountered across many
medical specialties. At this point, all of the large organ-
izations, including ASCO and NCCN, are advocating
that prophylaxis is not indicated for such patients.
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■ CASE 1: SURGERY FOR OVARIAN CANCER

A 54-year-old woman is undergoing debulking surgery for
ovarian adenocarcinoma. Her only comorbid condition is
well-controlled hypertension, and she has no history of
VTE. Her body mass index is 32.

True or false? Pharmacologic prophylaxis with low-dose
UFH has been proven superior to mechanical prophylaxis
for the prevention of VTE in this setting.

Strictly speaking, this is false, but that is not the end of
the story. Not every specific patient population has
been studied with adequate statistical power, so in some
cases extrapolation from other patient populations is
justified. This woman is at high risk for VTE despite
her young age and not having a prior VTE. Her risk
factors for VTE are obesity, an advanced malignancy
(as evidenced by the need for a debulking procedure),
and the risk of a hypercoagulable state from her adeno-
carcinoma.

In the ACCP guidelines,34 intermittent pneumatic
compression devices are considered acceptable prophy-
laxis in the setting of our case patient. This contrasts
with other patients undergoing high-risk surgical proce-
dures, such as orthopedic surgery patients.  

The data to support this recommendation are sparse,
however. There is one randomized trial that directly
compared pneumatic compression devices with low-dose
UFH.42 Each arm of the study contained about 100
patients, and there were more thrombi in the low-dose
UFH arm than in the pneumatic compression arm (7 vs
4, respectively), but this difference was not statistically
significant, as there was only a handful of events. Low-
dose UFH also was associated with higher rates of blood
transfusion and increased volumes of retroperitoneal
drainage, raising some concern over safety, but these
complications did not lead to an increase in subsequent
operations to decompress hematomas. 

Although this study’s sample size was inadequate for
drawing conclusions, many gynecologic surgeons are
relying on mechanical prophylaxis as a result of these
data, citing concern that pharmacologic prophylaxis has
not specifically been proven superior to pneumatic com-
pression devices in these patients. We would caution,
however, that absence of proof is not proof of absence.
When examining a data set this small in the face of an
abundance of data in other cancer surgeries and other
types of surgeries indicating that LMWH and UFH

work very well in the prevention of VTE—and in some
cases work better than pneumatic compression—perhaps
we should not restrict ourselves to this single study to
guide our decision-making.

True or false? In studies demonstrating efficacy of LMWH
and/or UFH for prevention of perioperative VTE in patients
undergoing abdominal pelvic surgery for malignancy, therapy has
generally been started preoperatively rather than postoperatively.

This is true. In all major trials examining pharmacologic
prophylaxis in patients undergoing abdominal pelvic
surgery for malignancy, treatment was initiated preoper-
atively, often 2 hours before surgery.43 This has also been
the general timing of administration of anticoagulation
in the general surgery population.

Nevertheless, clinical practice often differs from
practices demonstrated in the literature to be effective.
Data from randomized trials tell us that preoperative
administration of LMWH and UFH, when used in pro-
phylactic doses, is efficacious and adequately safe, yet
reluctance to perform invasive procedures persists in
patients who have received prophylactic doses of anti-
coagulation preoperatively.

True or false? Mechanical measures for prophylaxis are
widely used in patients like this, but no randomized trials
have demonstrated their efficacy.
This is false, but again the answer is compromised by
the small sample size of relevant trials. One small study
(N = 107) has documented the efficacy of sequential
compression devices for 5 days in patients undergoing
gynecologic cancer surgery.44 In this study, 13% of
patients who received the compression devices devel-
oped VTE compared with 35% of controls. Although
this was a small study, the extremely high incidence of
VTE in patients undergoing gynecologic cancer surgery
is concerning. Even though these patients are not
always elderly, they represent a very high-risk popula-
tion that warrants prophylaxis as aggressive as what we
use in our orthopedic surgery patients. 

What should be recommended as perioperative 
prophylaxis in this patient?

Pharmacologic prophylaxis is the best-studied approach,
and we would encourage its use in this case even though
evidence from large randomized prospective trials in this
specific population is lacking.

Case studies in cancer surgery patients
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■ CASE 2: SURGERY FOR GLIOBLASTOMA

A 43-year-old previously healthy man undergoes neuro-
imaging following a seizure and is found to have a large
heterogeneous brain tumor invading the corpus callosum.
Resection is planned.

True or false? Prophylactic anticoagulation should be dis-
couraged based on the risk of perioperative hemorrhage.
This is false, but with a caveat. The consequences of an
intracranial hemorrhage are often catastrophic. Despite
this, researchers have studied systematically the use of
pharmacologic prophylaxis in patients undergoing neu-
rosurgery. In most of these studies, the anticoagulation
was initiated the day after surgery rather than prior to
surgery, in contrast to studies in patients undergoing
abdominal pelvic surgery. 

Agnelli et al conducted a study of 307 neurosurgical
patients randomized to compression stockings alone or
compression stockings plus enoxaparin.31 Ninety-seven
percent of patients underwent surgery for a tumor, and
the procedure was intracranial in 85%. Enoxaparin 40
mg subcutaneously once daily (or matching placebo)
was started the day after surgery.

Enoxaparin was associated with a 49% relative
reduction (P = .004) in the incidence of VTE. Intra-
cranial bleeding occurred in 4 placebo recipients and 3
enoxaparin recipients, illustrating that neurosurgery
patients are at risk for intracranial hemorrhage but that
prophylactic doses of anticoagulation are probably not
the primary driver; instead, the surgery itself may be the
main cause of hemorrhaging. There was a trend toward
an increase in minor but not major bleeding with
enoxaparin. Sixty-day mortality was no different
between the groups, although 2 patients randomized to
placebo died of autopsy-proven PE.31

Neurosurgery patients are at high risk for fatal
thromboembolic disease, and even though intracranial
hemorrhage is probably the most feared complication, it
is not certain to cause death more often than VTE does.
In this study, more patients died from fatal PE than from
anticoagulation-associated intracranial hemorrhage,
although the difference was not statistically significant.31

A meta-analysis examining the use of LMWH or
UFH prophylaxis in neurosurgery patients found a 52%
relative reduction in both proximal thromboembolic
events and silent distal events with anticoagulant pro-
phylaxis.33 The number needed to treat to prevent one
proximal VTE was 16, underscoring these patients’ high
risk of thrombosis. Among 1,022 patients evaluated for

safety, adjudicated bleeding deaths occurred in 2 controls
and 2 treated patients. Among the treated patients, one
hemorrhage started during surgery, prior to anticoagulant
use, and the other occurred during full-dose anticoagula-
tion and after confirmed VTE, which again suggests that
intracranial bleeding may be more feared than real for
most patients. Among the 827 patients evaluated for effi-
cacy, fatal thromboembolic events occurred in 1 treated
patient and 2 controls. Anticoagulant prophylaxis was
associated with a statistically significant increase in
minor bleeding but not major bleeding.  

The surgeon agrees to use pharmacologic prophylaxis and also
decides to use sequential compression devices. The surgery is
successful, but on postoperative day 22 the patient presents
from rehabilitation with swelling of the left leg. Ultrason-
ography confirms an acute left common femoral DVT.

True or false? Given the risk of full-dose anticoagulation in this
patient, an inferior vena cava (IVC) filter should be placed.
This is false. Placement of an IVC filter is not recom-
mended in this patient unless reoperation is anticipated,
the patient already has had surgical bleeding complica-
tions, or the patient is at uniquely high bleeding risk for
some other reason.

A study from the 1980s illustrates a favorable overall
risk-benefit profile for anticoagulation in glioma
surgery.45 The study assessed postoperative treatment of
documented VTE (not merely VTE prophylaxis) in 109
patients with glioma, 103 of whom were treated with
anticoagulants. Of the 6 patients who were not treated
with anticoagulants, 3 suffered a fatal PE. Among the
103 patients who received treatment with full-dose anti-
coagulation, 3 suffered intracranial hemorrhage. Thus,
although full-dose anticoagulation did increase the risk
of bleeding in neurosurgery patients with documented
VTE, this risk clearly did not outweigh the benefit of
treating VTE, as demonstrated by the 50% rate of fatal
PE in the absence of treatment.

IVC filters are often used in patients who have had
recent neurosurgery because these patients are believed to
be at increased risk of intracranial hemorrhage with anti-
coagulation. Levin et al examined 42 cases in which an
IVC filter was placed in patients with central nervous sys-
tem tumors.46 Despite the IVC filter, 12% of patients
developed PE and 57% developed either IVC or filter
thrombosis, recurrent DVT, or post-phlebitic syndrome.
The authors concluded that the complication rate associ-
ated with an IVC filter in this population is higher than
perceived and outweighs the risk of anticoagulation.
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Prevention of venous thromboembolism 
in the orthopedic surgery patient
■ ABSTRACT

Patients undergoing major orthopedic surgery—hip or
knee arthroplasty, or hip fracture repair—are in the
highest risk category for venous thromboembolism
(VTE) solely on the basis of the orthopedic procedure
itself. Despite this, nearly half of patients undergoing
these procedures do not receive appropriate prophy-
laxis against VTE, often due to a disproportionate fear
of bleeding complications in this population. Guide-
lines from the American College of Chest Physicians
(ACCP) provide evidence-based recommendations for
many aspects of VTE risk reduction in the setting of
orthopedic surgery, as detailed in this review. The
ACCP recommends the use of either low-molecular-
weight heparin (LMWH), fondaparinux, or adjusted-
dose warfarin as preferred VTE prophylaxis in patients
undergoing either hip or knee arthroplasty. Fonda-
parinux is the preferred recommendation for patients
undergoing hip fracture repair, followed by LMWH,
unfractionated heparin, and adjusted-dose warfarin as
alternative options. Extended-duration prophylaxis
(for 4 to 5 weeks) is now recommended for patients
undergoing hip arthroplasty or hip fracture repair.
Patients undergoing knee arthroscopy do not require
routine pharmacologic VTE prophylaxis.

N
early half of orthopedic surgery patients do
not receive appropriate prophylaxis for
venous thromboembolism (VTE), as defined
by American College of Chest Physicians

(ACCP) consensus guidelines, according to a recent
analysis of a nationwide database of hospital admis-
sions.1 Even in teaching hospitals, compliance with
consensus guidelines for thromboprophylaxis is subopti-
mal. In a study of adherence to the ACCP guidelines for
VTE prevention among 1,907 surgical patients at 10
teaching hospitals, only 45.2% of hip fracture patients

received optimal VTE prophylaxis.2 Rates of optimal
prophylaxis were higher among patients undergoing hip
arthroplasty and knee arthroplasty—84.3% and 75.9%,
respectively—but were still in need of improvement.2

■ GROWING INTEREST IN POSTOPERATIVE 
VTE PROPHYLAXIS AS A QUALITY INDICATOR

As noted in the introductory article in this supple-
ment, the Joint Commission on Accreditation of
Healthcare Organizations has taken notice of these
shortcomings and has proposed national consensus
standards for VTE prevention and treatment.3 Among
its proposed standards are two related to risk assessment
and prophylaxis: whether risk assessment/prophylaxis
is ordered within 24 hours of hospital admission and
within 24 hours of transfer to the intensive care unit.

Other quality-monitoring initiatives are focused
specifically on VTE in the surgical population. The
Surgical Care Improvement Project (SCIP) has
approved two quality measures with respect to VTE
prevention: (1) the proportion of surgical patients for
whom recommended VTE prophylaxis is ordered, and
(2) the proportion of patients who receive appropriate
VTE prophylaxis (based on ACCP guideline recom-
mendations) within 24 hours before or after surgery.4

In the future, two other VTE-related quality meas-
ures from SCIP may be implemented by the Centers for
Medicare and Medicaid Services: (1) how often intra-
or postoperative pulmonary embolism (PE) is diag-
nosed during the index hospitalization and within 30
days of surgery, and (2) how often intra- or postopera-
tive deep vein thrombosis (DVT) is diagnosed during
the index hospitalization and within 30 days of surgery.5

■ VTE RISK IN ORTHOPEDIC SURGERY

Surgical patients can be stratified into four VTE risk
levels—low, moderate, high, and highest—based on
age, surgery type, surgery duration, duration of immobi-
lization, and other risk factors.6 For patients undergoing
orthopedic surgery, these levels may be defined accord-
ing to the following patient and surgical characteristics:See inside front cover for author affiliations. See end of article for author disclosures.



• Low risk—surgery duration of less than 30 min-
utes, age less than 40 years, repair of small fractures

• Moderate risk—age of 40 to 60 years, arth-
roscopy or repair of lower leg fractures, postoperative
plaster cast

• High risk—age greater than 60 years, or age 40
to 60 years with additional VTE risk factors, or immo-
bilization for greater than 4 days

• Highest risk—hip or knee arthroplasty, hip
fracture repair, repair of open lower leg fractures,
major trauma or spinal cord injury, or multiple risk
factors for VTE (age > 40 years, prior VTE, cancer, or
hypercoagulable state).

For patients in the low-risk category, no specific pro-
phylaxis is indicated beyond early and aggressive ambu-
lation.6 For those in all other risk categories, prophylaxis
with pharmacologic anticoagulant agents and/or
mechanical devices is indicated, as reviewed below. 

All major orthopedic procedures 
confer highest risk level
Notably, the “highest risk” category includes any
patient undergoing hip or knee arthroplasty or hip
fracture repair. Among orthopedic surgery patients in
this highest-risk category, rates of VTE events in the
absence of prophylaxis are as follows:6

• Calf DVT, 40% to 80%
• Proximal DVT, 10% to 20%
• Clinical PE, 4% to 10%
• Fatal PE, 0.2% to 5%.

Hip replacement poses greater risk 
than knee replacement
Within this overall highest-risk category, thrombo-
embolic risk in the absence of prophylaxis differs among
procedures. Although patients undergoing hip replace-
ment and those undergoing knee replacement have sim-
ilar rates of DVT of any type,6,7 hip replacement is asso-
ciated with higher rates of the more clinically important
events, specifically proximal DVT and PE. In the
absence of prophylaxis, proximal DVT occurs in 23% to
36% of hip replacement patients as opposed to 9% to
20% of knee replacement patients; similarly, PE occurs
in 0.7% to 30% of hip replacement patients as compared
with 1.8% to 7.0% of knee replacement patients.6,7

What about bleeding risk?
For many orthopedic surgeons, the risk of bleeding as
a result of anticoagulant prophylaxis of VTE looms
larger than the risk of VTE itself. This is likely because
bleeding, when it does occur, is likely to occur more
acutely than VTE does and may directly compromise
the result of the operation. For this reason, orthopedic

surgeons may be more likely to actually witness bleed-
ing events than VTE events (especially fatal PEs)
while their patients are still under their care, leading
to a misperception of the relative risks of anticoagula-
tion-related bleeding and thromboembolism. 

In reality, rates of major bleeding with pharmaco-
logic prophylaxis of VTE are a tiny fraction of the
above-listed rates of VTE events in the absence of pro-
phylaxis in patients undergoing major orthopedic sur-
gery. Reported 30-day rates of major bleeding in
patients receiving VTE prophylaxis with heparins
range from 0.2% to 1.7%; these rates barely differ from
the rates among placebo recipients in the same VTE
prophylaxis trials, which range from 0.2% to 1.5%.8,9

Additionally, within the continuum of risk of major
bleeding from various medical interventions, VTE
prophylaxis with heparins is one of the lowest-risk
interventions, posing far less risk than, for example,
the use of warfarin in ischemic stroke patients or in
patients older than 75 years.

■ PHARMACOLOGIC OPTIONS FOR VTE PROPHYLAXIS
IN ORTHOPEDIC SURGERY

As reviewed in the introductory article of this supple-
ment, the arsenal of anticoagulants for use in VTE pro-
phylaxis includes low-dose unfractionated heparin
(UFH), low-molecular-weight heparin (LMWH)
agents such as dalteparin and enoxaparin, and the fac-
tor Xa inhibitor fondaparinux. A few additional com-
ments about these and other anticoagulant options is
warranted in the specific context of orthopedic surgery.

Fondaparinux. Because most of its formal US indi-
cations are for use as VTE prophylaxis in major ortho-
pedic surgery—including hip replacement, knee
replacement, and hip fracture repair—fondaparinux
has been studied more widely in orthopedic surgery
patients than in the other populations reviewed earlier
in this supplement. Nevertheless, its use even in these
settings has remained somewhat limited. This may be
because of concerns over possible increased bleeding
risk relative to some other anticoagulants. Because of
bleeding risk, fondaparinux is contraindicated in
patients who weigh less than 50 kg, and its package
insert recommends caution when it is used in the eld-
erly due to an increased risk of bleeding in patients
aged 65 or older. Additionally, the Pentasaccharide in
Major Knee Surgery (PENTAMAKS) study found
fondaparinux to be associated with a significantly
higher incidence of major bleeding compared with
enoxaparin (2.1% vs 0.2%; P = .006) in major knee
surgery, although it was superior to enoxaparin in pre-
venting VTE.10 Other possible reasons for slow adop-
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tion of fondaparinux include its long half-life, which
results in a sustained antithrombotic effect, its lack of
easy reversibility, and a contraindication in patients
with renal insufficiency.11

Limited role for UFH. Low-dose UFH has a more
limited role in orthopedic surgery than in other set-
tings requiring VTE prophylaxis, as current ACCP
guidelines for VTE prevention recognize it only as a
possible option in hip fracture surgery and state that
it is not to be considered as sole prophylaxis in
patients undergoing hip or knee replacement.6

Warfarin. Although not indicated for use in other
VTE prophylaxis settings, the vitamin K antagonist
warfarin is recommended as an option for all three
major orthopedic surgery indications—knee replace-
ment, hip replacement, and hip fracture repair.6

The key to effective prophylaxis with warfarin is
achieving the appropriate intensity of anticoagulation.
In two separate analyses, Hylek et al demonstrated a bal-
ance between safety and efficacy with warfarin therapy
targeted to an international normalized ratio (INR) of
2.0 to 3.0.12,13 An INR greater than 4.0 greatly increased
the risk of intracranial hemorrhage, whereas thrombosis
was not effectively prevented with an INR less than
2.0.12,13 This latter point should be stressed to orthopedic
surgeons, who sometimes aim for INR values below 2.0. 

Although anticoagulation clinics are superior to usual
care at maintaining the INR within the window of 2.0
to 3.0, only about one-third of patients nationally who
take warfarin receive care in such clinics.14 Even with
optimal care in anticoagulation clinics, some patients
will still receive subtherapeutic or supertherapeutic lev-
els of warfarin, which is one of this agent’s limitations.

Aspirin not recommended as sole agent. Although
aspirin is still used as thromboprophylaxis in orthope-
dic surgery patients, current ACCP guidelines recom-
mend against its use as the sole means of VTE prophy-
laxis in any patient group.6 The limitations of the evi-
dence for aspirin in this setting are illustrated by the
Pulmonary Embolism Prevention study, a multicenter
randomized trial in patients undergoing hip fracture
(n = 13,356) or hip/knee replacement (n = 4,088).15

Patients received aspirin 160 mg/day or placebo for 5
weeks, starting preoperatively, and were evaluated for
outcomes at day 35. Among the hip fracture patients,
the rate of symptomatic DVT was lower in the aspirin
group than in the placebo group (1.0% vs 1.5%; P =
.03), as was the rate of PE (0.7% vs 1.2%, respectively;
P = .002), but there was no significant difference in
outcomes between the groups among the patients
undergoing hip or knee replacement. Notably, 40% of
patients in the study also received UFH or LMWH.

Further confounding the results, some patients
received nonpharmacologic VTE prophylaxis modali-
ties, and others received nonsteroidal anti-inflammatory
drugs other than aspirin. 

Heparin-induced thrombocytopenia. As noted ear-
lier in this supplement, the incidence of heparin-
induced thrombocytopenia (HIT) is markedly higher in
patients who receive UFH than in those who receive
LMWH. This difference in frequency, which consti-
tutes about a sixfold to eightfold differential, is due to
the relationship between standard heparin and platelet
factor IV, which can induce formation of IgG antibod-
ies.16 A 50% or greater reduction in platelet count in
heparin recipients should prompt consideration of HIT.

Oral direct thrombin inhibitors. Although the oral
direct thrombin inhibitor ximelagatran was rejected for
approval by the US Food and Drug Administration
(FDA) and recently withdrawn from the market world-
wide as a result of hepatic risks, other oral direct throm-
bin inhibitors are in phase 3 studies for use in orthope-
dic surgery and may be commercially available options
for postoperative VTE prophylaxis before long.

■ GUIDELINES FOR VTE PROPHYLAXIS 
IN ORTHOPEDIC SURGERY

The ACCP guidelines referred to throughout this arti-
cle are widely recognized as a practice standard for
VTE prevention and treatment, and have been regu-
larly updated throughout recent decades. The most
recent version, issued in 2004, is formally known as
the Seventh ACCP Conference on Antithrombotic
and Thrombolytic Therapy.6 Key orthopedic surgery-
related recommendations and notable changes from
the previous version of the guidelines, issued in 2001,
are outlined below, along with pertinent supportive or
illustrative studies.
Hip replacement surgery
For all patients undergoing elective hip replacement
surgery, routine use of either LMWH, fondaparinux,
or warfarin is recommended (see Table 1 for recom-
mended dosing). Each of these options is given a
Grade 1A recommendation, the guidelines’ highest
level of endorsement, indicating evidence from ran-
domized controlled trials (RCTs) without important
limitations. None of these options is recommended as
superior to the other two. The guidelines recommend
against the use of any other option, including UFH
and mechanical devices, as the sole method of pro-
phylaxis in these patients.6

In a change from the previous guidelines, the
Seventh ACCP Conference recommends extended
prophylaxis, for up to 28 to 35 days after surgery, for
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patients undergoing hip replacement or hip fracture
surgery. For hip replacement surgery, this is a Grade 1A
recommendation for prophylaxis with either LMWH
or warfarin and a Grade 1C+ recommendation (“no
RCTs but strong RCT results can be unequivocally
extrapolated, or overwhelming evidence from observa-
tional studies”) for prophylaxis with fondaparinux.6

The compelling evidence base for extended prophy-
laxis with LMWH in this setting was demonstrated in
a systematic review of six double-blind, randomized,
placebo-controlled trials, as illustrated in Figure 1.17

Additionally, a Belgian cost-utility analysis in patients
who underwent total hip or knee replacement showed
that extended prophylaxis with enoxaparin (30 days)
carried an incremental cost of $6,386 (US dollars) per
quality-adjusted life-year compared with standard-
duration enoxaparin prophylaxis (12 days), a cost that
was well below the “willingness to pay” threshold of
$18,200 per quality-adjusted life-year used in Euro-
pean guidelines for cost-effectiveness.18

Knee replacement surgery
The same three anticoagulant options that received
Grade 1A recommendations for patients undergoing
total hip replacement—LMWH, fondaparinux, and
adjusted-dose warfarin—are also given Grade 1A rec-
ommendations as routine thromboprophylaxis in
patients undergoing elective knee replacement (see

Table 1 for dosing). In addition, optimal use of inter-
mittent pneumatic compression devices is recom-
mended as an alternative option to anticoagulant
prophylaxis in these patients (Grade 1B, indicating a
“strong recommendation” based on RCTs with impor-
tant limitations). Use of UFH as the sole agent for
prophylaxis is recommended against.6

For both hip and knee replacement surgery, the
Seventh ACCP Conference does not endorse superi-
ority of any one of its three recommended prophylaxis
options—LMWH, fondaparinux, and adjusted-dose
warfarin—over the other two. However, at least four
large randomized trials have directly compared
LMWH and adjusted-dose warfarin in the setting of
arthroplasty—two in total hip replacement surgery19,20

and two in total knee replacement surgery.21,22 Each of
these four studies found LMWH to be significantly
more effective than warfarin in preventing VTE. In
three of the four trials, there was no significant differ-
ence between the therapies in rates of major bleed-
ing.19,21,22 In the remaining trial, which was conducted
in hip replacement surgery patients and compared
postoperative warfarin with dalteparin initiated either
immediately before or early after surgery, patients who
received preoperative dalteparin initiation (but not
those who received postoperative dalteparin initia-
tion) had an increased rate of major bleeding com-
pared with warfarin recipients (P = .01).20

VTE PREVENTION IN THE ORTHOPEDIC SURGERY PATIENT

TABLE 1
Options and recommendations for pharmacologic VTE prophylaxis in patients undergoing orthopedic surgery

Therapy 
Procedure duration* Aspirin Warfarin† UFH LMWH Fondaparinux

Total knee 7–14 days Not Dose to INR Not Enoxaparin 30 mg SC q12h 2.5 mg SC
replacement recommended of 2–3 recommended (Dalteparin is not FDA- once daily

approved for this indication)
Total hip 4–5 weeks Not Dose to INR Not •Enoxaparin 30 mg SC q12h 2.5 mg SC
replacement recommended of 2–3 recommended or 40 mg SC once daily once daily

•Dalteparin 5,000 IU SC
once daily

Hip fracture 4–5 weeks Not Dose to INR 5,000 U SC •Enoxaparin 40 mg SC 2.5 mg SC
surgery recommended of 2–3 three times once daily‡ once daily

daily‡ •Dalteparin 5,000 IU SC
once daily‡

Arthroscopy Need for pharmacologic prophylaxis should be assessed solely on the basis of
the patient’s individual risk factors for VTE independent of arthroscopy

* In the United States, routine practice is to initiate prophylaxis for these indications 12 to 24 hours postoperatively.
† Clinical data from randomized controlled trials and observational studies suggest slightly lower efficacy for VTE prophylaxis in orthopedic surgery patients with warfarin 

compared with LMWH or fondaparinux.
‡ Not FDA-approved for use in hip fracture surgery.

VTE = venous thromboembolism; UFH = unfractionated heparin; LMWH = low-molecular-weight heparin; INR = international normalized ratio; SC = subcutaneously
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Hip fracture surgery
The supportive evidence for anticoagulant prophylaxis
in hip fracture surgery is less robust than that in hip and
knee replacement surgery. As a result, only fondaparinux
has a Grade 1A recommendation as routine prophy-
laxis in patients undergoing hip fracture surgery.
Options with less definitive recommendations are
LMWH (Grade 1C+), low-dose UFH (Grade 1B), and
adjusted-dose warfarin (Grade 2B, indicating a “weak
recommendation” based on RCTs with important lim-
itations) (see Table 1 for dosing of all agents).6

These differing recommendations are supported by
the double-blind Pentasaccharide in Hip Fracture
Surgery Study (PENTHIFRA) of 1,711 consecutive
patients undergoing surgery for hip fracture repair.23

Patients were randomized to at least 5 days of fonda-
parinux 2.5 mg once daily, initiated postoperatively, or
enoxaparin 40 mg once daily, initiated preoperatively.
The incidence of DVT or PE by postoperative day 11
was 8.3% in the fondaparinux arm versus 19.1% in the
enoxaparin arm, a statistically significant difference (P
< .001) in favor of fondaparinux. There were no dif-
ferences between the groups in rates of death or clini-
cally relevant bleeding.

As noted above, the newly added recommendation
in the Seventh ACCP Conference for extended pro-
phylaxis, for up to 28 to 35 days after surgery, applies
to patients undergoing hip fracture surgery as well as
those undergoing hip replacement surgery. In the set-
ting of hip fracture repair, extended prophylaxis is a
Grade 1A recommendation with the use of fonda-
parinux and a Grade 1C+ recommendation with the
use of either LMWH or adjusted-dose warfarin.6

Lower extremity fractures and trauma
Although lower extremity fractures are very common,
the risk of DVT has been poorly studied in this setting.
For patients with isolated lower extremity fractures, the
Seventh ACCP Conference recommends that clini-
cians not use thromboprophylaxis routinely (Grade 2A,
indicating an “intermediate-strength recommenda-
tion” based on RCTs without important limitations).6

Trauma patients, in contrast, are well recognized as
being at very high risk for DVT and PE. The Seventh
ACCP Conference gives a Grade 1A recommenda-
tion to thromboprophylaxis for all trauma patients
who have at least one risk factor for VTE. LMWH is
recommended (Grade 1A) as the agent of choice for
this purpose, provided there are no contraindications
to its use, and should be administered as soon as safely
possible. Mechanical modalities are reserved for trau-
ma patients with active bleeding or high risk for hem-

orrhage (Grade 1B). The guidelines recommend
against use of inferior vena cava (IVC) filters as pri-
mary thromboprophylaxis in trauma patients (Grade
1C, indicating an “intermediate-strength recommen-
dation” based on observational studies).6

Use of ultrasonography
Duplex ultrasonographic screening is recommended in
orthopedic trauma patients who are at high risk for VTE
and have received suboptimal or no prophylaxis (Grade
1C). In contrast, the Seventh ACCP Conference rec-
ommends against routine use of duplex ultrasonography
to screen for VTE at hospital discharge in asymptomatic
patients following major orthopedic surgery (Grade 1A).6

Knee arthroscopy
Arthroscopic knee procedures are increasing in fre-
quency and raise the specter of a potential role for
thromboprophylaxis. However, the clinical diagnosis
of DVT is unreliable, and even diagnosis by ultra-
sonography is unreliable following knee arthroscopy,
as interpreting scans of veins below the knee is chal-
lenging in this setting.24

The Seventh ACCP Conference recommends that
clinicians not use routine thromboprophylaxis, other
than early mobilization, for patients who undergo
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FIGURE 1. Relative risk (and 95% confidence intervals) for all
deep vein thrombosis during the out-of-hospital time interval (up to
28 to 35 days after surgery) with extended-duration low-molecular-
weight heparin (LMWH) therapy compared with standard-duration
LMWH therapy. Results are from six randomized trials of extended
prophylaxis in patients undergoing total hip replacement. The risk
reduction with extended-duration prophylaxis was statistically sig-
nificant in all six trials.

Reprinted, with permission, from Annals of Internal Medicine (Hull et al, 2001).17

Planes et al (1996)

Bergqvist et al (1996)

Dahl et al (1997)

Lassen et al (1998)

Hull et al (2000)

Comp et al (2001)

0.1 0.5 1.00 2.0

Relative risk (RR)
 (95% CI)

◆

Overall RR = 0.41 
(95% CI, 0.32–0.54)

P < .001

Favors LMWH Favors placebo

Total

Extended prophylaxis with LMWH 
lowers VTE risk in total hip replacement



knee arthroscopy (Grade 2B). However, for arth-
roscopy patients who have inherent risk factors for
VTE or who undergo a prolonged or complicated
arthroscopy procedure, thromboprophylaxis with
LMWH is suggested (Grade 2B).6

■ RECOMMENDED APPROACH TO VTE 
PROPHYLAXIS IN ORTHOPEDIC SURGERY

Drawing on the ACCP guidelines and the evidence
reviewed above, we have outlined our evidence-based
recommendations for pharmacologic VTE prophylaxis
in patients undergoing orthopedic surgery, as presented
in Table 1. All patients undergoing major orthopedic
surgical procedures (ie, procedures other than arthros-
copy) should routinely receive anticoagulant prophylaxis
unless they have contraindications to anticoagulation.
Recommended agents and their duration of use vary
according to the type of surgery, as detailed in Table 1.

Extended-duration prophylaxis is recommended for
patients undergoing total hip replacement and hip frac-
ture surgery. Aspirin is not recommended as the sole
agent for prophylaxis in any orthopedic surgery setting.
Importance of a postoperative prophylaxis protocol
In addition to these broad pharmacologic recommen-
dations, it is important that a postoperative VTE pro-
phylaxis protocol be in place at all hospitals. 

At the Ochsner Medical Center in New Orleans,
where one of us (S.B.D.) practices, postoperative orders
include antithrombotic therapy for surgical patients,
starting with placement of thigh-high antiembolism
stockings on both legs on the day of surgery for patients
undergoing hip replacement and on postoperative day
1 in those undergoing knee replacement. Plantar pneu-
matic compression devices are applied to both legs in
the recovery room and kept on except when the
patient is walking. The hospitalist team dictates further
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A 70-year-old woman with osteoarthritis presents for total
knee replacement. She is obese (190 lb; 5 ft 7 in) and
probably inactive because of her osteoarthritis. She has low-
grade bladder cancer, asthma, and gastroesophageal reflux
disease. She underwent a total abdominal hysterectomy in
the remote past for unclear reasons. Her medications prior
to admission are as follows:

• Oxycodone, 5 mg every 4 hours, with acetaminophen
• Calcium carbonate, 250 mg/day
• Albuterol, 2 puffs inhaled every 4 hours
• Lansoprazole, 30 mg/day.
She has a remote history of smoking (discontinued 18

years ago) but reports no alcohol or drug abuse. 

■ WHAT IS THIS PATIENT’S RISK FOR VTE?
The risk of VTE in patients undergoing total knee
replacement, total hip replacement, or hip fracture
repair is significant without prophylaxis or with inade-
quate prophylaxis. With no prophylaxis, the risk of
DVT at 7 to 14 days is 40% to 80% and the risk of
proximal DVT detected by venography is 10% to
20%.6 Although the risk of proximal DVT is most con-
cerning, patients may develop post-phlebitic syn-
drome, and a prior VTE, even if distal, increases the
risk for subsequent events. Another important factor is
that there is no way to predict which patients will
develop symptomatic DVT.

In addition to the risk associated with the knee
replacement procedure, this patient has medical risk fac-
tors for VTE, including her advanced age and obesity.
According to the Nurses’ Health Study, obesity was the
most important risk factor for developing PE, and the

risk increased consistently with increasing weight.33 This
patient’s underlying cancer also confers a twofold to
fourfold increase in her risk of VTE.

Diagnosing VTE in a patient recovering from total
knee replacement is challenging. The sensitivity of
ultrasonography in detecting DVT is lower with total
knee replacement than with total hip replacement, at
least in the popliteal area, owing to signal interference
from the artificial joint and the challenge of clearly
imaging the popliteal vein.

What are the options for pharmacoprophylaxis?
The agents that have received Grade 1A recommen-
dations from the Seventh ACCP Conference are
LMWH, fondaparinux, and vitamin K antagonists (ie,
warfarin).6 The choice among them hinges on their
relative efficacy in clinical trials and their ease of use
in the hospital setting. In patients undergoing total
knee replacement, reported rates of venographically
detected VTE are 46.8% with warfarin prophylaxis,
30.6% with LMWH prophylaxis, and 12.5% with fon-
daparinux prophylaxis.25,34

■ CASE CONTINUED:
DAY OF SURGERY, EARLY POSTOPERATIVE COURSE

The patient is managed within a critical pathway for elec-
tive total knee replacement; as such, she receives warfarin
7.5 mg the day before surgery with plans to continue VTE
prophylaxis for 3 weeks. Air boots (pneumoboots) and
antiembolism stockings are prescribed concurrently.

During the surgery, the patient is unable to tolerate an
epidural or femoral nerve catheter. A left femoral nerve

Case study: Knee arthroplasty in an obese elderly woman



anticoagulation orders. If extended prophylaxis is pre-
scribed, the discharge planner sets up drug delivery and
reimbursement, provides a LMWH discharge kit, and
teaches the patient to self-inject. If there is concern
about increasing swelling at the surgical site while anti-
coagulant therapy continues, the protocol calls for
prompt notification of the responsible physician. To
minimize the risk that spinal or epidural hematomas
will develop, all agents that increase bleeding propen-
sity should be recognized and ordered accordingly.

■ SUMMARY

VTE in patients undergoing major orthopedic surgery
is a serious health problem that is highly preventable,
yet VTE prophylaxis remains underused in this patient
population. Despite the availability of practice guide-
lines for VTE prevention in the orthopedic surgery
setting, recommendations are not widely implemented

in clinical practice. Recommended prophylactic
options differ somewhat among various orthopedic
procedures, and the supportive evidence differs for
various anticoagulant options. 

■ DISCUSSION: ADDITIONAL PERSPECTIVES 
FROM THE AUTHORS

Dr. Jaffer: The ACCP recommends against the rou-
tine use of aspirin as primary prophylaxis against VTE
in major orthopedic surgery, yet orthopedic surgeons
across the country still continue to use aspirin in this
setting. What are your thoughts on this, Dr. McKean?

Dr. McKean: We agree with the ACCP’s recommen-
dation against aspirin as primary VTE prophylaxis in
orthopedic patients. The percentage of US knee
arthroplasty patients who develop VTE after receiv-
ing no prophylaxis at all is roughly 64%; this percent-
age declines only slightly (to 56%) for knee arthro-
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block is attempted without catheter placement. She undergoes
general anesthesia with no complications. Her estimated
blood loss is 300 mL, and the tourniquet time is 71 minutes.

On the first 2 postoperative days she has difficulty getting
out of bed despite a protocol designed to promote walking on
postoperative day 1. She experiences agitation on postopera-
tive day 3 and develops a delirium for which she receives
pharmacologic treatment. She complains of dysuria on post-
operative day 6, and a urinary tract infection is treated with
ciprofloxacin.

On postoperative day 7 she complains of fatigue and
develops sinus tachycardia (95 to 100 beats per minute). She
is presumed to have symptomatic anemia from blood loss, and
receives a transfusion for a declining hematocrit level.

On postoperative day 8 she complains of calf pain during
the surgical team’s morning rounds. She remains tachycardic
(95 to 105 beats per minute). Her oxygen saturation is nor-
mal and calf ultrasonography is negative. During physical
therapy in the afternoon, she has shortness of breath and pal-
pitations while walking. Electrocardiogram reveals atrial fib-
rillation, for which she is treated with intravenous metopro-
lol. Chest radiography and cardiac enzyme assessment are
negative. Her INR is found to be 2.0. The hospitalist service
is called for a medical consultation and recommends a chest
computed tomography protocol for PE assessment, which
does reveal a PE.

■ WHAT CLUES MAY HAVE SUGGESTED PE?
The finding of PE is not surprising for a high-risk
patient like this with inadequate anticoagulation. A
retrospective review of her INR values following the
borderline value of 2.0 on postoperative day 8 shows
that they were consistently less than 2.0, which is the
bottom end of the therapeutic window, since her ini-

tial preoperative warfarin dose (7.5 mg). Thus, this
patient at very high risk for VTE was not receiving
therapeutic prophylaxis for an extended period, which
provides the first clue that PE may be accounting for
her signs and symptoms. 

The development of dyspnea on day 8 is another key
clue. Data from the Prospective Investigation of
Pulmonary Embolism Diagnosis II (PIOPED II)35 indi-
cate that rapid onset (usually within seconds to hours)
of dyspnea at rest is the most common symptom of
acute PE, followed by pleuritic chest pain and cough.
Signs of PE are nonspecific and include tachypnea and
tachycardia, with the latter being a prominent sign in
this patient. Notably, PIOPED II found that dyspnea
and tachypnea were less frequent in elderly patients
with PE who had no previous cardiopulmonary disease.

The precipitating situation is the most important fac-
tor to consider when assessing VTE risk.36 In this case,
no further inquiry about additional risk factors would
have been required to assign this patient a high pretest
probability for acute PE. She had undergone a high-risk
surgical procedure that put her at very high risk of VTE. 

Calf pain, which she reported the morning of day 8,
is also an important clue to PE. In PIOPED II, the
symptoms of PE were often accompanied by symptoms
of DVT, such as calf or thigh pain, which can help dif-
ferentiate patients with and without PE.35

A careful bedside examination is valuable, including
a personally counted respiratory rate, a cardiac examina-
tion, and examination of the legs. A new soft systolic
murmur of tricuspid regurgitation in an ill patient sug-
gests the possibility of acute PE.  

continued on next page



plasty patients who receive prophylaxis with aspirin.25

Since we clearly want to reduce VTE risk as much as
possible, I would not use aspirin alone. I would use it
only if the patient were already on aspirin, but then I
would add either LMWH or fondaparinux.  

Dr. Jaffer: Warfarin is another agent that is widely
used for prophylaxis in major orthopedic surgery. In
fact, the large registries of VTE prevention in major
orthopedic surgery suggest that the use of warfarin may
be slightly higher than the use of LMWH. If clinicians
choose to use warfarin in their practice, what are your
recommendations, Dr. Deitelzweig?

Dr. Deitelzweig: As primary prophylaxis for orthope-

dic surgery patients, warfarin must be dosed to
achieve an INR of 2.0 to 3.0; the need for a value in
this range is unequivocal. This is a challenging target
to attain in the hospital setting.

Dr. Brotman: A study I was involved with a few years
ago suggested that warfarin may be inadequate for
VTE prevention in the first few days after orthopedic
surgery.26 Orthopedic surgeons at the Cleveland
Clinic, where I was practicing at the time, routinely
used systematic ultrasonography to assess for thrombo-
sis on postoperative day 2 or 3 following hip or knee
arthroplasty, so we conducted a secondary analysis of a
case-control study in these ultrasonographically
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The bottom line is that a diagnosis of PE is difficult
and can often be delayed (as in this case), which makes
prevention of utmost importance. 

■ CASE CONTINUED: LATER POSTOPERATIVE COURSE
Later on postoperative day 8, a vascular medicine consulta-
tion is requested for atrial fibrillation. A vascular surgical
consultation is obtained to determine the possible need for an
IVC filter. Both consultations conclude that the patient had
the acute PE while her INR was in the subtherapeutic range,
that there is no need for an IVC filter, and that warfarin
dose adjustment to attain an INR of 2.5 (range, 2.0 to 3.0)
is important, as is a further 6 months of anticoagulation. 

In summary, several postoperative complications occurred.
In sequence, the patient became immobile, developed deliri-
um, developed a urinary tract infection, and developed atrial
fibrillation, presumably as a result of the PE. Fear of litiga-
tion delayed discharge, further prolonging the anticipated 3-
day length of stay for knee replacement surgery to 16 days.

■ WHAT CONTRIBUTED TO THE SUBTHERAPEUTIC
LEVEL OF ANTICOAGULATION?

The orthopedic surgeons noted in the chart that the
anticoagulation goal was a target INR of 1.7 to 2.3,
which represents a common gap between the evidence
and clinical practice. To the surgeons, the fear of
bleeding was substantial and greater than the fear of
fatal PE. The decision about choice of agent and tim-
ing of prophylaxis was based on efficacy-to-bleeding
tradeoffs; for LMWH, there are only small differences
in this tradeoff between starting prophylaxis preopera-
tively versus postoperatively, whereas warfarin is more
difficult to manage. According to a guideline from the
American Academy of Orthopaedic Surgeons, the
proper duration of anticoagulation following total knee
replacement is at least 10 days.37

From the internal medicine perspective, it is critical

to recognize that guideline-based, in-hospital VTE pro-
phylaxis can reduce the community-based VTE rate for
up to 3 months following hospitalization or outpatient
surgery. With regard to choice of anticoagulant, LMWH
is preferred over warfarin. Warfarin is difficult to man-
age in postoperative states because of its numerous drug-
drug interactions (including ciprofloxacin and perhaps
others in this patient’s case) and the difficulty of reliably
predicting dosing. In this patient, acute PE occurred
when the INR was subtherapeutic; for adequate prophy-
laxis, the target should have been in the range of 2.0 to
3.0, or perhaps 2.0 to 2.5 if bleeding was greatly feared.

Thus, the problem stemmed from a lack of consensus
between the surgical and medical teams on the optimal
target INR in the postoperative setting. This case exem-
plifies the different perspectives that orthopedic surgeons
and medical consultants bring to the bedside. Ortho-
pedic surgeons rarely encounter acute PE as a complica-
tion of their procedures, so their natural fear and most
encountered complication is a bleeding episode that can
impair the result of an operation. It must be kept in
mind, however, that many fewer patients die from bleed-
ing than from acute PE, which is the leading cause of
preventable hospital-acquired death.

■ CONCLUSIONS
The higher a patient’s risk of VTE, the greater the
reliance on pharmacologic prophylaxis. Aspirin or low-
dose UFH have no clear benefit for prophylaxis in hip
or knee arthroplasty. LMWH is more efficacious than
warfarin in these settings. Fondaparinux has been
shown to be more efficacious than LMWH as prophy-
laxis in hip fracture repair and knee arthroplasty, but it
may be associated with more bleeding. The recom-
mended duration of prophylaxis depends on the type of
surgery—as well as the patient’s response to surgery and
whether complications develop (eg, prolonged immo-
bility, dehydration, infection)—as the risk of VTE
extends beyond discharge.

Case study continued



screened arthroplasty patients to assess rates of early
VTE and look for any associations with the type of pro-
phylaxis used. We found that there was about a tenfold
increase in the risk of VTE, both distal and proximal,
on postoperative day 2 or 3 among patients who
received warfarin compared with those who received
LMWH. We concluded that warfarin’s delayed
antithrombotic effects may not provide sufficient VTE
prophylaxis in the immediate postoperative setting.26

Dr. Deitelzweig: That’s a good point. Although it’s impor-
tant to achieve a therapeutic level of warfarin, we now have
evidence that it takes some time to achieve that level,
and in the interim, bad things can happen to patients.

Dr. Jaffer: Orthopedic surgery encompasses several
types of procedures. Dr. Amin, which specific orthopedic
surgery patients stand to benefit from extended prophy-
laxis, and how long should extended prophylaxis last?
Dr. Amin: Major orthopedic surgery comprises hip
fracture repair, total hip replacement, and total knee
replacement. For hip fracture, there are strong data to
support the use of extended prophylaxis with fonda-
parinux 2.5 mg/day, which showed about an 88% rel-
ative reduction in the risk of symptomatic VTE com-
pared with standard-duration fondaparinux (6 to 8
days) followed by matching placebo for the extended
phase.27 The total duration of fondaparinux therapy in
the extended-duration arm was 4 to 5 weeks. 

Likewise, data support extended prophylaxis in hip
arthoplasty patients, for whom the recommended
duration is also 4 to 5 weeks. The systematic review by
Hull et al15 demonstrated a 0.41 relative risk of DVT
with extended-duration LMWH prophylaxis versus
placebo in hip replacement patients (Figure 1), which
was a highly statistically significant result. 

In contrast, we don’t yet have good data to support
extended prophylaxis for patients undergoing total
knee replacement, which is a bit surprising. In this set-
ting, prophylaxis is recommended for 7 to 14 days but
not beyond that.

Dr. Jaffer: Arthroscopy is probably the most common
orthopedic procedure performed in the United States
today. Dr. Brotman, what is the role of prophylaxis in
patients undergoing arthroscopy?

Dr. Brotman: Minor surgery such as arthroscopy can
typically be performed safely without routine prophy-
laxis, other than having the patient ambulate as soon
as possible after the procedure. There may be excep-
tions to this rule, however. I believe that there is
potentially a role for pharmacologic prophylaxis in
arthroscopy patients who have major risk factors for

VTE, such as a personal history of VTE, or who are
not expected to become mobile again in a normal
rapid fashion after the operation, but prophylaxis has
not been studied systematically in such patients.

Dr. Jaffer: Dr. Spyropoulos, there are several new anti-
coagulants in the pipeline, specifically agents such as
the oral direct factor Xa inhibitors and the direct
thrombin inhibitors. What do recent clinical trials sug-
gest with regard to the efficacy of these two drug classes
for thromboprophylaxis in major orthopedic surgery?

Dr. Spyropoulos: The agents with the most available
data are the oral direct factor Xa inhibitors apixaban
and rivaroxaban and the oral direct thrombin
inhibitor dabigatran. For prophylaxis in orthopedic
surgery populations, phase 2 studies have been com-
pleted for apixaban and phase 3 trials have been com-
pleted for rivaroxaban and dabigatran. 

It appears that the factor Xa inhihibitors, apixaban
and rivaroxaban, are efficacious in comparison with
both dose-adjusted warfarin and LMWH, which is the
gold standard for this group of patients.28,29 So these
indeed appear to be promising agents. Rivaroxaban has
been submitted to European regulatory agencies for
approval for the prevention of VTE in patients under-
going major orthopedic surgery, and its developer plans
to submit it to the FDA in 2008 for a similar indication
in the United States.

The data are more equivocal with dabigatran. There
have been several positive phase 3 studies in orthope-
dic surgery comparing two dabigatran dosing schemes,
150 and 220 mg once daily, with the European regimen
of enoxaparin (40 mg once daily),30 but a recent study
that compared these doses with the North American
enoxaparin regimen (30 mg twice daily) failed to meet
the criteria for noninferiority.31 Further clinical trial
development is necessary for dabigatran, although in
January 2008 the European Medicines Agency recom-
mended its marketing approval for thromboprophylaxis
in patients undergoing orthopedic procedures.32

I believe that in the next 3 to 5 years our armamen-
tarium will see the addition of at least one, if not more,
of these new agents that offer the promise of oral anti-
coagulation with highly predictable pharmacokinetics
and pharmacodynamics and no need for monitoring.
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