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HP he rationale for prophylaxis of venous thromboembo¦*¦ lism
(VTE) is based on the clinically silent nature of the
disease, the relatively high prevalence among hospitalized
patients, and the potentially dire consequences of a missed
diagnosis. Both deep venous thrombosis (DVT) and pulmo¬
nary embolism (PE) manifest few specific symptoms, and the
clinical diagnosis is insensitive and unreliable.12 To rely on
the diagnosis and treatment of established VTE may expose
susceptible patients to unacceptable risks; the first manifes¬
tation of the disease may be fatal PE. Although anticoagulant
is highly effective in treating VTE, most patients who
therapy
die of PE do so within 30 min of the acute event, too soon for
anticoagulation to be effective.3 Unrecognized and untreated
DVT may also lead to long-term morbidity from the postphlebitic syndrome and predispose patients to future epi¬
sodes of recurrent VTE.45
An alternative to prophylaxis would be to use serial
surveillance tests such as impedance plethysmography or

duplex ultrasonography in high-risk patients.67 Although
attractive, this approach is expensive and can be applied to
only limited numbers of patients at risk. In addition,
impedance plethysmography and duplex ultrasonography
have been shown to have only moderate sensitivity and
positive predictive value when used in asymptomatic,
high-risk patients such as those undergoing major ortho¬
pedic surgery.8"10 Broad application of effective methods
of prevention is more cost-effective and is probably safer
than selective, intensive surveillance.11-16
Despite overwhelming evidence of the efficacy of a wide
variety of prophylactic agents, surveys conducted in the
United States,1718 England,19 Sweden,20 Switzerland,21
Spain,22 and Australia23 document wide practice variations
among physicians with 28 to 100% of respondents indicating
that they routinely used prophylaxis. A US study of >2,000
patients hospitalized at 16 acute-care hospitals in 1986
showed that only one third of these patients received pro¬
phylaxis despite the presence of multiple risk factors for
VTE.24 Use of prophylaxis was higher in teaching than
nonteaching hospitals, and patients undergoing vascular,
abdominal, and orthopedic operations were the most likely to
receive prophylaxis. Ninety percent of randomly surveyed
fellows of the American College of Surgeons in 1993 favored
use of prophylaxis.17 In a recent update of this survey, the
proportion has increased to 96% and most of these surgeons
favor physical methods.25 However, because of limited re¬
sponse rate (about 10%) and the possibility of sampling bias,
these findings may not be representative of current practice
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standards among all surgeons caring for patients at risk. A
recent Scottish study, entitled "Still Missing the Boat With
Fatal Pulmonary Embolism," documented fatal PE in
surgical patients during a 1-year period. Fifty-six percent of
the patients who died of PE did not receive prophylaxis
major risk factors and no contraindications to
despite having
standard antithrombotic regimens.26 A recent epidemiologic
study in Medicare patients undergoing major abdominothoracic surgery documents widespread underutilization of
26a

prophylaxis
Why do physicians fail to use prophylaxis more widely?
Many believe that the overall incidence of VTE among
hospitalized and postoperative patients has decreased over
the past decades to the point where the incidence is too low
to consider prophylaxis. These physicians frequently cite
informal, retrospective surveys of their own clinical services
and the rare occurrence of fatal PE diagnosed by autopsy at
their hospital to bolster this argument. In fact, the incidence
of VTE may have declined in recent years,27 and this
probably reflects the success of prophylactic strategies.28-29
Even so, the incidence remains too high for a condition that
is preventable, and the current estimates of the incidence of
fatal PE based on hospital discharge data suggest the need
for even wider application of prophylaxis.29 Furthermore, the
difficulties in establishing the antemortem diagnosis of PE
have been alluded to as well as the low rate of autopsy in the
United States, especially in elderly patients with chronic
conditions. Data from countries where autopsy is common
indicate that PE remains a significant problem.2830-32 In
addition, contemporary data from a central Massachusetts
study show that clinically recognized PE is surprisingly
common.33 A recent 25-year population-based study from
the Rochester Epidemiology Project documents that while
the incidence of PE has decreased during this period, the
incidence of DVT has remained unchanged for men and is
increasing for older women.34 Most epidemiologic studies
document that the elderly are the most vulnerable to PE.3234
With increasing age of the population, VTE will become an
escalating public health problem.
Another reason for failure to use prophylaxis, especially
in surgical patients, is the concern about bleeding compli¬
cations from anticoagulants. Countering this argument are
the abundant data from meta-analyses and placebo-con¬
trolled, double-blind randomized trials that demonstrate
no significant increase in major bleeding with the use of
low-dose unfractionated heparin (LDUH) and low-molec¬
ular-weight heparin (LMWH).35-41 The incidence of
wound hematomas is increased with these agents,3538 and
this can be an important problem resulting in wound
infection, dehiscence, and infection of a prosthetic device
placed at the time of operation. The magnitude of the
of hematoma occurrence, unfortunately, has
problem
been downplayed or ignored by many nonsurgeon advo¬
cates of prophylaxis. However, alternative, mechanical
methods of effective prophylaxis that carry no bleeding
risk are available for such patients.35 Heparin-induced
thrombocytopenia has also been raised as a concern with
widespread use of heparin preparations. Critical review of
this problem, though, suggests that the rate of thrombo¬
cytopenia with this route of heparin administration is
the incidence of vascular thrombosis
about
3%;

associated
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heparin-induced thrombocytopenia is uncommon.42
In addition, the costs of prophylaxis have also been used as
an argument against its wider use; however, as argued
above, every study addressing this issue has concluded that

with

prophylaxis is highly cost-effec¬
The final reason for not using prophylaxis has to do with
subjective perceptions of the magnitude of the problem
and the effects of prophylaxis in individual practices.
Because VTE is most often clinically silent, the occurrence
of overt VTE among an individual physician's patients is
perceived to be rare.43 For example, extrapolation of data
from meta-analyses suggests that fatal PE occurs in 0.5 to
0.8% of unprotected patients >40 years undergoing major
abdominal surgery, and in many of these, the diagnosis
and cause of death would not be known.133536 Similarly,
proximal or above-knee DVT is present in 6 to 7% of
general surgical patients, and <50% of these DVTs would
have clinical manifestations and be detected. Therefore, a
busy surgeon whose practice consists of a high volume of
major abdominal surgery may not perceive VTE to be a
significant problem. More importantly, this physician may
have little appreciation for the effectiveness of, for exam¬
ple, LDUH in reducing the incidence of fatal PE in the
individual practice from 0.7 to 0.2%, as would be expected
by extrapolation of data from meta-analyses dealing with
large numbers of patients.3536 Thus, from an individual
practice perspective, it is difficult to appreciate the effec¬
tiveness of prophylaxis, whereas failures (patients devel¬
oping clinically overt VTE who receive prophylaxis) are
readily apparent. In addition, bleeding complications are
highly visible, not easily forgotten, and frequently blamed
on prophylaxis.
Educational programs are important in countering misperceptions about prophylaxis. A recent prospective study
documented a nearly twofold increase in prophylaxis from
29 to 52% among hospitalized patients at risk with the
inception of educational strategies designed to increase
awareness of the problem of VTE.44 Use of prophylaxis
was significantly greater in hospitals whose physicians
participated in formal continuing medical education pro¬
grams. A key factor that motivated clinicians to change
practices was the provision of hospital-specific data dem¬
onstrating a compelling need for improvement.
broad

application

of

tive. n~16

Risk Factors
Application of effective prophylaxis depends on knowl¬
edge of specific clinical risk factors in individual patients.
Clinical risk factors include the following: age (that clini¬
cally becomes important by 40 years and increases with
further aging); prolonged immobility or paralysis; prior
VTE; cancer; major surgery (particularly operations in¬
volving the abdomen, pelvis, and lower extremities); obe¬
sity; varicose veins; congestive heart failure; myocardial
infarction (MI); stroke; fractures of the pelvis, hip, or leg;
indwelling femoral vein catheter; inflammatory bowel
disease; nephrotic syndrome; and estrogen use.45-48 In
addition, congenital and acquired aberrations in hemostatic mechanisms (hypercoagulable states) that ordinarily
predispose to VTE assume even greater risk when afflicted
532S
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patients are hospitalized and undergo surgical procedures.
Hemostatic abnormalities include the following: activated
protein C resistance (factor V R506Q [Leiden] mutation);
antithrombin III deficiency; protein C deficiency; protein

S deficiency; dysfibrinogenemia; disorders of plasminogen
and plasminogen activation; antiphospholipid antibodies
and lupus anticoagulant; heparin-induced thrombocytope¬
nia; hyperhomocystinemia; myeloproliferative disorders
such as polycythemia vera; and hyperviscosity syn¬
dromes.47-53
In many patients, multiple risk factors may be present,
and the risks are cumulative.54 For example, elderly
patients with hip fractures undergoing major orthopedic
operations who remain immobile in bed after operation
are among the most susceptible to fatal PE. Awareness of
the risk of VTE in general categories and in clinical
settings in which the risk has been defined by epidemio¬
logic studies is also important in successful application of
prophylaxis.48-55 For example, the overall incidence of
VTE is higher on orthopedic services and in ICUs than on
general medical services.
The sections that follow are based on disease states and
hospital services to which patients are admitted. In each
patient category, the overall risks of VTE and effective
methods of prophylaxis are detailed. Although the order of
presentation reflects the relative completeness with which
each category has been studied, most patient groups have
been studied sufficiently so that firm recommendations
(grade Al or A2) can be made with regard to the benefits
and risks of pharmacologic and physical methods to
prevent VTE. This area of medicine has been subjected to
numerous randomized clinical trials, and level I data are
abundant. Standard antithrombotic regimens shown to be
effective are presented in Table 1.
Because of the completeness of data, general agree¬
ment among studies, and the large number of trials, data
will be pooled when appropriate. (It is important to
that the data presented in Tables 2, 3, 6, 7, and
emphasize
9 were not derived by formal meta-analytic techniques.)
Treated patients with the relevant end point were simply
divided by the number at risk to obtain a gross proportion
along with the 95% confidence limits. This incidence rate
was then compared with the rate among pooled, un¬
treated, or placebo-treated, control patients to determine
the reduction in relative risk. Only published studies are
included. These simple statistics provide only a rough
guide to the relative efficacy of various prophylactic
strategies. Final recommendations are based on random¬
ized trials and/or formal meta-analyses.

General Surgery
The overall incidence of thromboembolic end points in
general surgical patients was calculated by pooling data in
control patients in published English-language trials of
prophylactic methods3556-111 (Table 2). In most trials, the
bulk of these patients had elective GI surgery. However,
some of the patient populations were more heterogeneous
and included individuals undergoing gynecologic, tho¬
racic, urologic, and vascular operations. Almost all patients
were >40 years. The overall incidence of DVT as assessed
Fifth ACCP Consensus Conference
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Antithrombotic Therapy

Table 1.Antithrombotic Regimens
Method
LDUH

Adjusted-dose subcutaneous heparin (ADH)
LMWH and heparinoids*

to Prevent Venous

Thromboembolism

Description
5,000 U heparin given q8-12h, starting 1-2 h before operation
3,500 U heparin given q8h with postoperative dose adjustments by ±500 U to maintain
aPTT at high-normal values

General surgery
Moderate risk:

Dalteparin, 2,500 U 1-2 h before surgery and once daily after surgery
Enoxaparin, 2,000 U 1-2 h before surgery and once daily after surgery
Nadroparin, 3,100 U 2 h before surgery and once daily after surgery
Tinzaparin, 3,500 U 2 h before surgeiy and once daily after surgery
High risk:
Dalteparin, 5,000 U 10-12 h before surgery and once daily after surgery
Danaparoid, 750 U 1-2 h before surgery and twice daily after surgeiy
Enoxaparin, 4,000 U 10-12 h before surgery and once daily after surgeiy
Enoxaparin, 3,000 U twice daily starting 12-24 h after surgery
Orthopedic surgery
Ardeparin, 50 U/kg twice daily starting 12-24 h after surgeiy
Dalteparin, 5,000 U 8-12 h before surgeiy and once daily starting 12 h after surgeiy
Danaparoid, 750 U 1-2 h before surgery and twice daily after surgery
Enoxaparin, 3,000 U twice daily starting 12-24 h after surgeiy or 4,000 U once daily
starting 10-12 h before surgeiy
Nadroparin, 40 U/kg starting 2 h before surgeiy and once daily after surgery for 3 d;
the dose is then increased to 60 U/kg once daily
Tinzaparin, 50 U/kg 2 h before surgeiy and once daily after surgeiy or 75 U/kg once
daily starting 12-24 h after surgery
Acute spinal injury
Enoxaparin, 3,000 U twice daily
Multiple trauma
Enoxaparin, 3,000 U twice daily starting 12-36 h after injury
Medical conditions
Dalteparin, 2,500 U once daily
Danaparoid, 750 U twice daily
Enoxaparin, 3,000 U once daily
Start daily dose (5 mg) the day of or the day after operation; adjust dose for INR 2-3 by
Adjusted-dose perioperative warfarin
day 5
Preoperative and postoperative two-step warfarin Start 1-2.5 mg/d 5-14 d before operation, aiming for 2- to 3-s increase in prothrombin
time at time of operation; give 2.5-5 mg/d, aiming for an INR 2-3 in postoperative
period
Minidose warfarin
Start 1 mg/d 10-14 d before operation, aiming for INR 1.5 after operation
IPC/ES
Start immediately before operation, and continue until fully ambulatory
*Dosage expressed in anti-Xa units; use with caution in patients having spinal or epidural anesthesia/analgesia (see text for details). Ardeparin,
enoxaparin, dalteparin, and danaparoid are approved by the FDA.
f APTT activated partial thromboplastin time.
=

=

by the labeled fibrinogen uptake test (FUT) was 25% in
control subjects. In trials in which the FUT was confirmed
by phlebography, the incidence was 19%. In surgical
patients with malignant disease, the incidence of DVT was
29%. The presence of proximal or above-knee DVT was 6
to 7% in patients not treated with prophylaxis. The overall
incidence of clinically recognized PE (fatal and nonfatal)

was 1.6% and the incidence of fatal PE was 0.9%. The
incidences of these more serious end points among control
patients probably underestimate what would be expected
generally among surgical patients in whom prophylaxis is
withheld because most patients in the trials received
anticoagulant therapy when serial FUT scans became
abnormal.
In Table 3, the effects of commonly used prophylactic
regimens are tabulated.56-109112"141 Among antithrombotic
drugs, LDUH and LMWH are the most effective in

reducing the incidence of DVT as assessed with FUT.
They have been the most completely studied and have
been the subject of numerous overview meta-analyses in
was the first
general surgeiy7 patients.35"40142 LDUH
antithrombotic agent investigated in large randomized
trials and because it was often compared with placebo, a
beneficial effect on reducing serious end points such as
DVT and PE was apparent. The effect of
proximal
LMWH and other prophylactic regimens on proximal
DVT and PE cannot be directly assessed because most
investigators believed that placebo-controls would be un¬
ethical and that new regimens should be compared with
LDUH or other agents. However, it is plausible to assume
that LMWH and other agents shown to be equivalent or
superior to LDUH in reducing calf DVT would have
similar beneficial effects on proximal DVT and PE.
In 29 trials in which >8,000 general surgeiy patients
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Table 2.VTE in Control General

Surgery Patients
No. of Patients
(With DVT/

No. of

End Point
DVT

Trials

References

Without DVT)

(FUT)

Incidence, %

95% CI

56-109 1,084/4,310

54
20

58, 60, 62-66, 68, 79, 83, 88, 91, 93, 95, 97-99, 102-104

228/1,507

25
19

24-26
17-21

16

61, 62, 65-67, 73, 74, 77, 86, 90, 94, 97, 99, 100, 102, 106

159/546

29

25-33

Proximal DVT
A11PE

16
32

Fatal PE

33

57, 60, 62, 65, 66, 68-70, 75, 78, 79, 96, 99, 100, 105, 107
56-67, 70, 71, 73, 74, 77, 79, 80, 82, 84, 85, 87, 88, 91-93, 99,
100, 107, 108, 110
56-68, 70, 71, 73, 74, 77, 79, 80, 82, 84, 85, 87, 88, 91-93, 99,
100, 107, 110, 111

Confirmed DVT

(FUT, phlebogram)
(FUT)

DVT

(Malignant disease)

randomized to LDUH therapy or control groups, the
regimen of subcutaneous heparin (5,000 U) started 2 h
before operation and continued every 8 or 12 h after
surgery for 7 days (or when patients were fully ambulatory
or discharged from the hospital) was studied.56-84 Lowdose heparin therapy was consistent in reducing the
incidence of DVT assessed by FUT alone or FUT con¬
firmed by phlebography. The overall incidence of leg DVT
was reduced from 25 to 8%. Although there were no
randomized trials comparing the every- 12-h regimen with
the every-8-h regimen, one meta-analysis showed that
LDUH given every 8 h was more effective.35 The benefi¬
cial effect was also observed in trials in which patients with
malignant disease were studied. Pooled data from metashow that LDUH also reduced the more serious
analyses
end points of proximal DVT, clinically diagnosed PE, and
fatal PE diagnosed at autopsy.3536 These studies showed a
50% reduction in fatal PE with LDUH prophylaxis. Three
large studies were designed to test the efficacy of LDUH
in preventing fatal PE and all three of these studies
showed a significant beneficial effect.56110111
The advantages and disadvantages of LMWH in general
surgery patients have been clarified by a number of large
trials, as well as meta-analyses in which LMWH and
were

LDUH were compared.37'38'40112-125143 On balance,
LMWH and LDUH are equally efficacious in preventing
VTE in general surgical patients. Most studies have shown

Trials

patients,

No. of
Patients

54 4,310
1,084
53
800
9,875
LMWH (112-120, 121-125, 136-138)
17
583
8,538
Low-dose heparin/DHEf (74, 126, 129-135, 139)
10
1,092
Warfarin (81, 140) 2 67 7
Dextran (57, 61, 73, 87, 93, 94, 97, 102, 103, 108, 136)
11
872
153
Aspirin (76, 88-90, 141) 5 372 76
IPC (63, 95, 99, 100, 106) 5 313 31
ES (85, 86, 104, 107) 4 300 28
* Pooled data from trials based on FUT.
f LDUH/dihydroergotamine (agent no longer available the United States).
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6-8
1.3-1.9

48/5,547

0.9

0.7-1.1

significantly less wound hematomas and bleeding compli¬
LMWH;38122124 however, other well designed
trials have shown the opposite, that LMWH causes more
bleeding than LDUH.114118125 The discrepant findings
appear related to dosage; there is a clear dose-response
effect of LMWH that is apparent in bleeding complica¬
tions and, possibly, efficacy of prophylaxis. Higher doses of
LMWH (>3,400 anti-Xa units daily) in comparison to
LDUH (5,000 U bid or tid) are associated with more
bleeding.40 In contrast, lower doses of LMWH (<3,400
anti-Xa units daily) are equivalent to LDUH in preventing
VTE in moderate-risk patients and have a lower rate of
bleeding complications.40 While one recent meta-analysis
could not discern superior efficacy of higher doses of
LMWH,40 individual studies in high-risk general surgery
patients suggest that this may be the case.123136137 A
distinct advantage of LMWH is that it can be administered
once daily, a feature that may offset the higher initial
expense of LMWH in comparison to LDUH. Another
advantage of LMWH is that it is less likely to cause
heparin-induced thrombocytopenia and thrombosis in
comparison to standard heparin preparations.42 There
have been concerns about whether LMWH therapy
should be started preoperatively. In orthopedic patients,
the drug treatment is often started 12 to 24 h after
operation because of fear of bleeding. In general surgery
there
to be no
adverse consequences of

appear

Surgery*

No. of Patients
With DVT

Untreated control subjects (56-109)
Low-dose heparin (56-84, 112-135)

534S

7
1.6

cations with

Table 3.Prevention of DVT After General

Regimen Reduction of (References) Risk

83/1,206
82/5,091

93

Incidence,
%

95% CI

Reduction of
Relative Risk, %

25

24-26
7-9
6-8
7-11
3-18
15-21
16-24
7-13
6-13

68
72
64
60
28
19
60
64

9
10
18
20
10
9

Fifth ACCP Consensus Conference on Antithrombotic Therapy

giving the first dose of LMWH (<3,400 U) 2 h before
operation144 and there may be an additional benefit in
preventing DVT developing during operation or in the
immediate postoperative period. When higher doses
(>3,400 U) are used in high-risk general surgery patients,
the drug is administered 10 to 12 h before operation to
avoid excessive intraoperative bleeding.
LMWH should be used with caution in patients having
puncture or epidural catheters placed for regional
spinal
anesthetic and postoperative analgesia. A Food and Drug
Administration (FDA) Public Health Advisory notice was
released December 15, 1997, reporting 30 patients who
developed
epidural or spinal hematomas with concurrent
use of LMWH and spinal/epidural anesthesia.145 Many of
these patients suffered neurologic impairment, including
permanent paralysis. Most were elderly women undergo¬
ing orthopedic surgery and some were taking platelet
inhibitors or other drugs affecting hemostasis. The risk
also appears to be increased by traumatic or repeated
epidural/spinal puncture. The prevalence of this problem,
the overall risk, and the specificity of risk factors are, at
present, unknown. Therefore, the benefit vs risk of
LMWH prophylaxis in patients with spinal/epidural anes¬
thesia or analgesia is difficult to assess. The problem has
also been reported with LDUH, although with much less
reviews of this problem conclude with
frequency. Critical for
specific guidelines LMWH use in patients with spinal/
epidural anesthetic intervention and these will be pre¬
sented in the section dealing with patients undergoing

orthopedic surgery.146147
Intermittent pneumatic compression (IPC) is an attrac¬
tive method of prophylaxis because there is no risk of
hemorrhagic
complications. These devices provide rhyth¬
mic external compression (ideally, one compression lasts
about 10 s/min with inflation pressures of 35 to 40 mm Hg
to the legs or legs and thighs). IPC has not been as well
studied as other agents used for general surgeiy patients.
However, it is effective in reducing leg DVT in most
general surgery patients and in high-risk surgical patients
with malignant disease.35 In trials comparing IPC with
LDUH, both agents were equivalent in reducing leg
DVT.63126'127148 It is not proven that IPC prevents PE in
general surgeiy patients, but if leg DVT is a valid marker
for PE, this would be the case. Intermittent plantar
compression produces hemodynamic effects on lower
extremity emptying similar to that of IPC and, like IPC,
also stimulates fibrinolytic activity.149 There are limited
data in orthopedic patients demonstrating a beneficial
effect of this device;150 however, large trials in general
surgery patients are nonexistent (to our knowledge).
Graded compression elastic stockings (ES) reduce the
incidence of leg DVT151 (Table 3), but too few data are
available to assess their protective effect on proximal DVT
and PE. Patients with malignant disease and other highrisk general surgical conditions have not been evaluated in
sufficient numbers to allow firm conclusions with regard
to the efficacy of ES in these clinical settings. In some of
the randomized trials, high-risk patients were specifically
excluded.85-86 Further clinical trials are needed to assess
the effectiveness of ES in such patients. Another limitation
is that 15 to 20% of patients cannot effectively wear ES

because of unusual limb size or shape. Combining ES with
other prophylactic agents, such as LDUH, may give better
protection against VTE than either approach alone.128152
ES counteract venous stasis and augment venous re¬
turn during abdominal insufflation for laparoscopic proce¬
dures;153154 however, it is not known if this is adequate

protection against VTE.
Dextran, a branched polysaccharide of 40,000 or 70,000
d, is not as efficacious in preventing leg DVT as is LDUH
and LMWH (Table 3). However, in randomized trials,

dextran has been shown to reduce the incidence of PE,35-57
and in a single randomized double-blind trial, dextran
significantly lowered the incidence of autopsy-verified,
fatal PE.87 Furthermore, in comparison trials, dextran and
LDUH were equivalent in protecting against PE.35 Al¬
does not prevent leg vein DVT as well as
though dextran
it
LDUH, appears effective in halting growth and exten¬
sion of thrombi so that PE is prevented.155 Dextran has not
been a popular antithrombotic agent because it is rela¬
tively expensive and must be administered IV. It has also
been associated with rare anaphylactic responses and is
contraindicated in patients with renal insufficiency and
limited cardiac reserve. Although both dextran and LDUH
may interfere with hemostasis, wound hematomas appear
to be less common with dextran prophylaxis.35155
Aspirin has generally been found to be ineffective in
preventing VTE in general surgery patients and has not
been recommended as an appropriate strategy.156 This
view has been challenged by a meta-analysis of the
Antiplatelet Trialists' Collaboration, which concluded that
perioperative antiplatelet treatment reduced the incidence
of DVT in general surgery patients by 37% and PE by 71%
in comparison to untreated control subjects.157 These
reductions were highly significant and similar effects were
reported in patients undergoing orthopedic and other
operations. Because of its low expense, ease of adminis¬
tration, and lack of side effects, aspirin would appear to be
an ideal antithrombotic agent to prevent VTE. However, a
closer scrutiny of the Antiplatelet Trialists' Collaboration
group's method leads to many questions.158159 They ana¬
lyzed collectively >30 antiplatelet trials of variable scien¬
tific design. Such an inclusive approach may allow subtle
biases present in some trials to be magnified when
subjected to meta-analysis.160 Most individual trials dem¬
onstrate no significant beneficial effect of aspirin or they
show superiority of other agents against which aspirin is

compared.7688-90
Warfarin, given either as a fixed low-dose (1 mg/d)140 or
time (low
adjusted dose to mildly prolong the prothrombin
in
effective
warfarin),81
intensity
appears
preventing leg
DVT. However, the method is cumbersome, requires
monitoring, probably requires preoperative treatment,
and may be subject to bleeding complications if drug
effects are not closely monitored. Because of these short¬
comings and the ready availability of other effective
agents, there is little rationale to use warfarin in most
general surgery patients. Warfarin may be an appropriate
choice in selected, very high-risk general surgery patients,
but data are scant.
An appropriate preventive strategy in individual general
surgery patients takes into

account

the risk of VTE, the
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potential benefits of the various agents, and the expense
and possible complications incurred by their use.54156
Levels of risk are defined in Table 4. In low-risk patients
undergoing minor or relatively short operations, who are
<40 years of age, and have no clinical risk factors, no
than early ambulation is neces¬
specific prophylaxis other
sary. Two large-scale studies document a near zero risk for
the development of clinical VTE after minor procedures in
low-risk patients.161162 In moderate-risk patients who are
>40 years of age and are undergoing major operations,
but who have no additional clinical risk factors, LDUH
given every 12 h, LMWH once daily (<3,400 anti-Xa U),
or ES would be sufficient. IPC would be a good alternative
to these agents. In patients >40 years undergoing major
surgery with additional risk factors and who are at higher
risk of VTE, several effective prophylactic methods are
available. LDUH given every 8 to 12 h and LMWH are
effective. Dextran or IPC would also be good choices in
if they are prone to
higher-risk patients, particularly
wound problems. Adding ES to any of these methods may
give additional protection. In very-high-risk general sur¬
gery patients with multiple risk factors, combining the
most effective pharmacologic methods with IPC offers
excellent protection.163 The twice daily regimen of
LMWH as is used in orthopedic patients or higher daily
doses of LMWH (>3,400 U) would also be appropriate. In
selected high-risk patients, perioperative warfarin therapy,
as prescribed for high-risk orthopedic patients, may be an
appropriate choice.

Elective Hip or Knee
Replacement, or Hip Fracture
Because of the high risk for postoperative VTE164-190
(Table 5), primary prophylaxis is recommended55 and is
cost-effective13 for patients undergoing elective total hip
(THR) or total knee replacement (TKR)
replacement
or
surgery, surgery for hip fracture. Definitive primary

Surgery

for

prophylaxis recommendations can be made based on
well-designed, randomized clinical trials of multiple pro¬
phylaxis regimens. This review is confined to Englishlanguage clinical trials that required either mandatory
postoperative venography of the operated-on leg or objec¬
tively confirmed symptomatic VTE for determination of
efficacy. Weighted, pooled postoperative venography effi¬
cacy results (including 95% confidence intervals and rel¬
ative risk reduction) by type of surgery (THR, TKR, or hip
fracture surgery) are provided to allow cross-trial compar¬
isons of different prophylaxis agents and regimens. While
most asymptomatic isolated calf DVT discovered at the
time of prehospital discharge venography resolve sponta¬
neously,191 transesophageal echocardiography192193 and
that both intra¬
epidemiologic studies194-198 demonstrate
PE
be
and
operative
postoperative may associated with
isolated calf DVT. Therefore, we analyzed the total DVT
(proximal or distal DVT) prevalence rates reported from
clinical trials requiring mandatory postoperative venogra¬
Only results from single-modality prophylaxis regi¬
phy.
mens (excluding graded elastic compression stockings)
were included.
Since a history of VTE increases the risk of subsequent
postoperative VTE,199 most clinical trials excluded these
patients as well as patients with a history of clinically
published results of
significant bleeding. Consequently,
not
and
to
apply these patient sub¬
efficacy safety may
of
The
choice
primary prophylaxis should be
groups.
tailored to the individual patient based on the clinical
assessment of the postoperative thrombosis and bleeding
risk.
There are insufficient data to recommend secondary or
surveillance prophylaxis, defined as withholding primary
by serial noninvasive
prophylaxis in favorforof case finding DVT.
Currently avail¬
diagnostic testing asymptomatic
able noninvasive tests (eg, impedance plethysmography or
compression or color duplex ultrasonography) are insensi-

Table 4.Classification of Level of Risk

(Based on Published Data)*
Highest
High
Moderate
Examples: major surgeiy Examples: major surgeiy in
in patients >60 yr
patients >40 yr plus prior VTE
Examples: any surgeiy
or malignant disease or
without additional risk
(major and minor) in
patients 40-60 yr but no factors; major surgery in hypercoagulable state; patients
with elective major lower
additional risk factors; major patients 40-60 yr who
Low
Example: uncomplicated surgeiy in patients <40 yr have additional risk extremity orthopedic surgeiy,
but no additional risk
minor surgery in
factors; patients with Ml or hip fracture, or stroke, or
and medical patients multiple trauma, or spinal cord
patients <40 yr with no factors; minor surgeiy in
patients with risk factors

with risk factors

injury

2
0.4

10-20
2-4

20-40
4-8

40-80
10-20

0.2
0.002

1-2
0.1-0.4

2-4
0.4-1.0

4-10
1-5

clinical risk factors

Calf vein thrombosis, %
Proximal vein

thrombosis,

%

Clinical PE, %
Fatal PE, %
Successful preventive

No

specific measures

strategies
*

LDUH

(ql2h), LMWH,

IPC, and ES

LDUH (q8h), LMWH,
and IPC

LMWH, oral anticoagulants,
IPC

(+

LDUH

or

LMWH)

andADHf

Modified from Salzman and Hirsh414 and the International Consensus Conference Statements

f ADH

=

adjusted-dose heparin.
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Table 5.VTE Prevalence Range After THR or TKR

Surgery, or Surgery for Hip Fracture

DVT*

45-57167'168'lH5Am
40-84171-174
36-60]76~184

THR
TKR

Hip fracture surgeiy
or

proximal

Proximal, %

Total,

Procedure

*Total

PE

DVT

prevalence

0.7-30lbyj/5

9_20171-174
17_36181,183,184

1.8-7172-174
4.3-24166

among control or placebo groups in clinical trials

diagnosis of asymptomatic DVT in this patient
population.8-10200"204 Consequently, primaiy prophylaxis
tive for the

is recommended for all patients.

Nonpharmacologic Prophylaxis Measures
Several nonpharmacologic prophylaxis methods have
been studied, including ES,205"207 IPC,168208-214 and early
ambulation215 (Tables 6 and 7). All are of some benefit,
with DVT risk reductions of 25 to 82%. Compared with
general anesthesia, regional anesthesia (spinal or epidural)
may be associated with a significantly reduced incidence of
postoperative DVT for THR surgery216 as well as surgeiy
for hip fracture.217 However, the VTE prevalence after
regional anesthesia remains substantial and warrants ad¬
ditional primary prophylaxis.
Inferior vena cava (IVC) filter placement has been
suggested as a prophylaxis option for patients at extremely
high risk for both postoperative VTE and bleeding.218-220
In a recent clinical trial, patients with acute VTE who were
risk for subsequent PE were ran¬
judged to be at high
domly assigned to IVC filter placement or no filter
placement.221 All patients received concurrent heparin
The 2-week cumulative incidence of subsequent
therapy.
PE was significantly reduced among patients receiving an
IVC filter. However, the 2-year cumulative incidence of
recurrent DVT was significantly greater among patients
receiving an IVC filter. Two-week and 2-year mortality
were no different between the two treatment groups.
high-risk orthopedic surgery
Extrapolating these dataIVCto filter
patients, prophylactic
placement may reduce
the immediate risk of postoperative PE and increase the
Table 6.Total DVT Prevalence* as Determined by
No. of

Prophylaxis Regimen

ControVplacebo16"168481485'186'205206'210415-419
Low-dose heparin181186223'225-227'243'420-422
Adjusted-dose69'185''
heparin223'228'229
86>227-229'236-243>251,263,422
LMWH167'2
Low-intensity warfarin211^2.234.238^55,420
Two-step warfarin214'235
Recombinant hirudin225'226-251
a

224,255,416,417,420,423,424

Dextran 70167'235'415'416'420
jpo 168,210.211,214
p o 205,206

Total, %

qqoc 167,168,1.85,186

Trials
13
10
3
20
7
2
3
7
5
4
2

Fatal,
Q164.166,175,187

0 34
0 2-0 7175>188'189

3.6-12.9166190

requiring mandatory postoperative venography.

long-term risk of DVT. Based on these data, we believe
placement of an IVC filter as prophylaxis should be
discouraged and reserved only for patients in whom other
nonpharmacologic prophylaxis regimens (eg, IPC) are not
possible. When IVC filter prophylaxis is judged to be the
only option, an IVC filter with the lowest risk of subse¬
quent thrombosis is preferred, and subsequent life-long
oral anticoagulation therapy (international normalized ra¬
[INR]

2.0 to 3.0) should be considered.
Insufficient data are available to be able to recommend
noncemented over cemented prostheses,192222 or contin¬
uous passive motion devices for knee replacement pa¬
tients. While emerging data regarding the efficacy and
safety of external pneumatic plantar compression are
promising,150 additional data from large, well-designed
clinical trials are needed for firm recommendations.
tio

=

Elective THR

Surgery
Several anticoagulant-based prophylaxis regimens for
THR surgery have been studied (Table 6). Although
has shown LDUH36 or aspirin157 prophylaxis
meta-analysis
to be more effective than placebo, both are relatively
ineffective when compared with other prophylaxis regi¬
mens.186-223"227 Preoperative LDUH followed by postop¬
erative dose adjustment to maintain the activated partial
thromboplastin time in the upper range of normal (adjust¬
ed-dose heparin) is safe and effective, and may be consid¬
ered for patients at extremely high risk because of con¬
comitant risk factors.223228229 However, most surgeons
consider adjusted-dose heparin prophylaxis to be imprac¬
tical for routine use.
Venography After THR Surgery by Prophylaxis Regimen

Combined
Enrollment
655
653
116

3,016
898
156

Total DW
95% CI

51
31
11
15
22
28

47-55
29-34
5-17
14-16
19-25
21-35
6-9
47-57
24-36
18-27
30^6

1,171
419
229
359
137

Relative Risk

Prevalence, %

52
30
22
38

Reduction, %
39
78
71
57
45
86
41
57
25

^Weighted, pooled total (proximal and distal) DVT prevalence.
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Table 7.Total DVT Prevalence* as Determined by Venography After TKR
No. of

Prophylaxis Regimen

Trials

Combined
Enrollment

Control/placebo208'209'212'259
Low-dose heparin253'254
LMWH232'233,238'253-257'259
Weighted, pooled total

61
42
31
49
74
11

52-70
37-47
29-33
46-52
67-82
9-14

131
366

Reduction, %
31
49
20

82

(proximal and distal) DVT prevalence.

Adjusted-dose oral anticoagulation (eg, warfarin sodium),
which is safe and effective prophylaxis, has been adopted by
most orthopedic surgeons in North America.165475,211,230-232
Adjusted-dose warfarin has the additional advantage of
allowing continued prophylaxis after hospital dismissal.
Oral anticoagulants should be administered at a dose
sufficient to prolong the INR to between 2.0 and 3.0. The
most appropriate time to administer the initial warfarin
dose is uncertain. Based on the available evidence, the
initial oral anticoagulant dose should be administered
either the evening prior to surgery or as soon after surgery
as possible. Even with this initial dosing schedule, the INR
usually does not reach the therapeutic range until the
second or third postoperative day (day 0 day of sur¬
gery).232-234 One oral anticoagulation regimen addresses
this issue by beginning very-low-dose warfarin prophylaxis
14 days prior to surgeiy at a dose that prolongs the
preoperative prothrombin time only 1 to 2 s over baseline.
Immediately after surgery, the warfarin dose is adjusted
upward to prolong the INR to between 2.0 and 3.0.214235
Although safe and effective, this two-step warfarin pro¬
phylaxis regimen is complicated and has not been widely
=

adopted.

or heparinoids have been studied extensively
safe and effective VTE prophylaxis after THR
surgery.167169'185186'227'228'232'236-243 LMWH is more effec¬
tive than LDUH based on meta-analysis,37 and equally
effective236 or superior228 when compared with adjusteddose unfractionated heparin.
In a comparison of LMWH to adjusted-dose warfarin
prophylaxis, two clinical trials found no difference in
either total or proximal DVT prevalence.232238 However,
among patients receiving LMWH prophylaxis, pooled
results from one trial showed an increase in the number of
while the other trial found
bleedingblood
complications232
A
loss.238
recent
clinical trial found the total
greater
DVT prevalence to be significantly less with LMWH
(started preoperatively) compared with adjusted-dose war¬
farin.234 In this study, patients receiving LMWH prophy¬
laxis had significantly greater bleeding at the operative site
and a greater transfusion requirement compared with
patients receiving warfarin prophylaxis. Two meta-analyses
of multiple different prophylaxis regimens concluded that
LMWH was most effective, although the differences in
between LMWH and either adjusted-dose warfa¬
efficacy
rin or adjusted-dose heparin prophylaxis were small.244245
In a recent large, open-label clinical trial, THR patients

LMWH

and

Relative Risk
95% CI

1,499
1,108

Low-intensity warfarin232'233238-253'255"257
*

Total DVT

Prevalence, 9?

116
368

Aspirin224-255
jp/^208,209,212,213

Surgery by Prophylaxis Regimen

are
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randomly assigned to in-hospital prophylaxis with
sodium, 30 mg bid, started
(enoxaparin
n
or adjusted-dose warfarin
1,516)
postoperatively;
(INR 2.0 to 3.0; n 1,495).246 Symptomatic, objec¬
tively documented venous thromboembolism was the pri¬
mary efficacy end point in this trial. The mean duration of
prophylaxis was 7.5 days for LMWH and 7.0 days for
warfarin. The cumulative in-hospital incidence of symp¬
tomatic VTE was 0.3% among patients receiving LMWH
prophylaxis
compared with a 1.1% incidence among pa¬
tients receiving warfarin (p 0.008). The cumulative 90day posthospital discharge incidence of symptomatic VTE
was 3.4% and 2.6%, respectively, for LMWH and warfarin
prophylaxis
(p not significant [NS]; total 90-day cumulative
incidence: LMWH
warfarin
The
were

either LMWH

=

=

=

=

=

3.6%,

=

3.8%; p NS).
=

incidence of fatal PE was 0.1% between both LMWH and
warfarin prophylaxis groups. The incidence of major bleeding
was 1.2% among patients receiving LMWH compared with
0.6% among patients receiving warfarin (p 0.055).246
From these data, we conclude that LMWH is more
effective than warfarin in preventing in-hospital VTE.
However, the risk of surgical site bleeding and wound
hematoma is greater with LMWH compared with warfa¬
rin. These conclusions are consistent with the more rapid
onset of anticoagulant activity with LMWH compared
with warfarin. We suggest that the choice of LMWH or
warfarin prophylaxis be tailored to the individual patients
based on the clinical assessment of postoperative throm¬
bosis and bleeding risk as well as the prophylaxis-specific
cost and convenience. In two cost-effectiveness analyses,
LMWH was preferred over unfractionated heparin when
the LMWH cost was from 1.3 to 3.7 times the cost of
unfractionated heparin.247248 In a decision analysis based on
Canadian health-care costs, LMWH was preferred over
adjusted-dose warfarin anticoagulation.249 However, a recent
analysis based on US health-care costs found adjusted-dose
warfarin to be more cost-effective compared with LMWH.250
Three recent clinical trials found subcutaneous recom¬
binant hirudin (15 mg subcutaneously bid, initiated pre¬
operatively) to be more effective than LDUH225-226 or
LMWH,251 with no difference in bleeding (Table 6). A
phase II dose-escalation study found bivalirudin (Hirulog;
Biogen; Cambridge, MA) (1.0 mg/kg subcutaneously every
8 h, initiated postoperatively) to be potentially effective
and safe prophylaxis after THR.252 While promising, nei¬
ther of these drugs is approved for prophylaxis in the
United States.
=
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Elective TKR

VTE after TKR surgery is common and especially
recalcitrant to prophylaxis.232'238253 Four studies have
demonstrated IPC to be effective prophylaxis (Table
7) i73,2os,209,2i2 These devices are most effective when
applied either intraoperatively or as soon as feasible
postoperatively and worn continuously until the patient is
fully ambulatory. The utility of IPC devices is limited by
nonuse during physical therapy, patient intolerance, and
the inability to continue prophylaxis after hospital dis¬
IPC may provide additional benefit as an adjunct
charge.
to anticoagulant-based prophylaxis regimens. Low-dose
heparin253-254 or aspirin224255 prophylaxis is relatively inef¬
fective compared with other prophylaxis regimens.
Five studies compared adjusted-dose warfarin prophy¬
laxis (INR 2.0 to 3.0) with LMWH.232233'238'256'257 Based
on postoperative venography, all trials suggested adjusteddose warfarin therapy to be relatively ineffective prophy¬
laxis compared with LMWH, with total postoperative
DVT prevalence rates ranging from 38 to 55%. In addi¬
tion, the proximal DVT prevalence was similar to that of
THR surgery, ranging from 6.8 to 12.3%. However, the
clinical significance of these DVT is uncertain since
virtually all were asymptomatic and discovered at prehospital discharge venography. In a recent clinical trial of
TKR patients (n 257) receiving adjusted-dose warfarin
prophylaxis for a mean duration of 9.8 days, the overall
90-day incidence of symptomatic VTE was only 0.8%.258
Based on this study, we conclude that, among TKR
patients, the vast majority of asymptomatic DVT discov¬
ered by venography at hospital discharge do not become
symptomatic. For this patient subgroup, postoperative
venography
may not be an appropriate surrogate measure
for the major efficacy end points of interest, symptomatic
venous thromboembolism, and fatal PE. We further con¬
clude that adjusted-dose warfarin therapy is safe and
effective as VTE prophylaxis after TKR surgeiy.
LMWH has been studied extensively and is safe and
effective prophylaxis after TKR surgery.232'233'238'243'2-53-257'259
However, the venographic prevalence of DVT among TKR
patients receiving LMWH prophylaxis remains substantial at
25 to 45%. In a recent cohort study of TKR patients
(n 842) receiving LMWH prophylaxis for a mean duration
of 9 days, the overall 84-day incidence of symptomatic VTE
and fatal PE was only 3.9% and 0.4%, respectively.260 Pooled
results from one study showed an increase in die number of
bleeding complications,232 and three studies found a signifi¬
cant increase in blood loss and transfusion requirement
among patients receiving LMWH prophylaxis compared
with adjusted-dose warfarin.233'256-259
To our knowledge, there are no studies comparing
LMWH with adjusted-dose warfarin prophylaxis among
patients receiving TKR surgery in which symptomatic,
objectively documented VTE was the primary efficacy end
point measure. In addition, the incidence of subsequent
venous stasis syndrome among TKR patients with asymp¬
=

=

=

tomatic DVT is uncertain.261

likely is more effective than warfarin and causes
and wound hematomas than
surgical site bleeding
warfarin, especially if LMWH therapy is started within
24 h after surgery. Similar to THR surgery, we suggest that
the choice of LMWH or warfarin prophylaxis for TKR
LMWH

Surgery

Consequently,

we

cannot

make firm recommendations regarding the preference of
LMWH vs adjusted-dose warfarin as prophylaxis for this
patient subgroup. Based on the available data, we believe

more

surgeiy be tailored to the individual patients based on the
clinical assessment of postoperative thrombosis and bleed¬
ing risk as well as the prophylaxis-specific cost and conve¬
nience. In a recent analysis based on US health-care costs,
adjusted-dose warfarin prophylaxis was more cost-effec¬
tive compared with LMWH.250
While the pooled risk reduction estimate is greatest for
IPC (Table 7), the combined patient enrollments in the
LMWH and adjusted-dose warfarin prophylaxis trials are
more than twofold to threefold greater than the combined
enrollment in the IPC trials. Consequently, we have more
confidence in the estimated risk reduction associated with
LMWH or low-intensity warfarin prophylaxis. Neverthe¬
less, in the absence of clinical trials directly comparing
LMWH or adjusted-dose warfarin prophylaxis vs IPC
prophylaxis, we cannot recommend one of these prophy¬
laxis regimens over the other. For patients with other
concomitant risk factors for postoperative VTE, combined
prophylaxis with IPC and either LMWH or adjusted-dose
warfarin should be considered.
Issues

Regarding LMWH Prophylaxis

Currently, three LMWHs and one heparinoid are mar¬
keted within the United States (Table 1). At the appropri¬
ate LMWH-specific dose and dosing schedule, all are safe
and effective as prophylaxis after THR or TKR surgery 233,234,242,243,254,262,263 At tne time 0f this writing? arde¬
parin sodium is FDA approved for TKR surgery prophy¬
laxis, dalteparin and danaparoid sodium are FDA
approved for THR surgery prophylaxis, and enoxaparin
sodium is FDA approved for both THR and TKR surgeiy
and extended out-of-hospital prophylaxis after
prophylaxis
THR surgery.
Several additional caveats regarding LMWH should be
mentioned. LMWH prophylaxis does not require labora¬
tory monitoring of the intensity of anticoagulation or dose
adjustment. For all LMWHs and heparinoids, the initial
postoperative prophylaxis dose should be delayed until
hemostasis is assured. Most North American trials gave
the initial LMWH dose between 12 to 24 h postoperatively
and on a twice-daily dose schedule, while most European
trials gave the initial LMWH dose 12 h preoperatively and
on a once-daily dose schedule.262 Since there are no
adequate trials directly comparing preoperative- with
postoperative-initiated LMWH, we cannot recommend
one dosing schedule over the other. One review suggested
that any difference in efficacy between preoperative- vs
postoperative-initiated LMWH prophylaxis for THR pa¬
tients was likely to be small,264 while a recent meta-analysis
concluded that preoperative-initiated LMWH was signif¬
icantly more effective and associated with less major
bleeding when compared with postoperative-initiated
LMWH.265 Additional randomized trials are required to
determine the most appropriate time of initial LMWH
dose administration. For patients at especially high risk for
CHEST/114/5/NOVEMBER, 1998 SUPPLEMENT
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thrombosis, consideration should be given to administer¬

ing the initial LMWH prophylaxis dose approximately 10
to 12 h prior to surgeiy.
A December 1997 FDA Public Health Advisory called
attention to several spontaneous safety reports describing
patients who developed epidural or spinal hematomas with
concurrent enoxaparin sodium prophylaxis and regional
(spinal or epidural) anesthesia or spinal puncture.145 More
than 75% of these cases occurred in patients receiving
analgesia for major orthopedic
regional anesthesiaIn or recent
review of neuraxial compli¬
surgery of the leg. a
cations associated with concurrent LMWH or heparinoid
and regional anesthesia or analgesia, the fol¬
prophylaxis
were provided for patients re¬
recommendations
lowing an initial
preoperative LWMH dose:147 (1) regional
ceiving
anesthesia should be avoided in patients with an abnormal
clinical bleeding histoiy or in patients receiving other
drugs that affect hemostasis (eg, aspirin orornonsteroidal
anti-inflammatory drugs, platelet inhibitors, other anti¬
(2) insertion of the spinal needle should be
coagulants);
prophylaxis
delayed for 10 to 12 h after the initialbeLMWH
dose and regional anesthesia should avoided in patients
with a hemorrhagic aspirate during the initial spinal
needle placement; (3) a single-dose spinal anesthetic is
epidural anesthesia; (4) for pa¬
preferable to continuous
tients receiving continuous anesthesia, the epidural cath¬
eter should be left indwelling overnight and removed the
prophylaxis doses
following day; (5) subsequent LMWH
should be delayed for at least 2 h after spinal needle
placement or catheter removal; (6) likewise, for patients in
whom prophylaxis is started postoperatively, the initial
LMWH prophylaxis dose should be delayed at least 2 h

after catheter removal; and (7) the decision to implement
LMWH prophylaxis in the presence of an indwelling
catheter must be made with extreme care; extreme vigi¬
lance of the patient's neurologic status is warranted. All
patients should be monitored carefully for early signs of
cord compression (eg, progression of lower extremity
numbness or weakness, or bowel or bladder dysfunction).
Duration

of Prophylaxis After THR or TKR

Surgery
The optimal duration of postoperative prophylaxis after
either elective THR or TKR surgery is uncertain. In
previous trials, prophylaxis usually was continued for the
duration of postoperative hospitalization and ranged from
7 to 10 days. Currently, the duration of hospitalization is
often <5 days, which may provide an inadequate duration
of prophylaxis. Several studies suggest that the risk for
DVT
for
to 2 months after THR
may

persist

up

gery 165>191> 19" 266

sur¬

Three recent clinical trials have addressed the need for
prophylaxis after THR surgeiy
out-of-hospital LMWH
(Table 8).263267-268 In the study of Planes et al,263 THR
patients received LMWH prophylaxis (enoxaparin sodium,
40 mg daily started preoperatively) for a mean duration of
14 days, followed by prehospital discharge bilateral venog¬
raphy. Patients with normal venograms were randomly
LMWH (enoxaparin
assigned 40to continuedortreatment with
sodium, mg daily) placebo for an additional 21 days,
using a double-blind study design. Bilateral venography at
day 21 (35 days after surgeiy) revealed a substantial
incidence of asymptomatic DVT in the placebo arm

Table 8 .DVT Prevalence as Determined by Venography at Postoperative Days 28 to 35 Among Clinical Trials of
LMWH Out-of-Hospital Prophylaxis* vs Symptomatic DVT or PE Cumulative Incidence at Postoperative Days 84 to
90 Among Cohort Studies of All In-Hospital Prophylaxis J After THR or TKR Surgery
Duration of

Author
Planes

et

al263

Bergqvist et al2<
Dahl

et

al268

Mohr et al244
Lieberman et al199
Robinson et al258
Leclerc et al260

Operation
THR

THR
THR

THR
THR
THR
TKR
THR
TKR

No.
90
89

117
116
114
104
638

Prophylaxis Type, In- Prophylaxis,
Hospital/Out-of-Hospital d(d)t
14(21)
14 (21)
11(19)
10(18)
7(28)
7 (28)

LMWH/LMWH

LMWH/placebo
LMWH/LMWH
LMWH/placebo
LMWH-dextraiVLMWH
LMWH-dextran/placebo
Warfarin (all

Venographic DVT
Distal,
(%;

Proximal,
No. (%)
6 (5.9)
7(7.9)

No.

Kl.2)«
10(11.4)
13(11.0)
15 (13.0)
12 (10.5)
19 (18.3)

8(7.0)$
28 (24.0)
10 (8.8)

14(13.5)

PE, No. Fatal PE,

(%)

No.

0
0
0
2 (2.0)
0
3 (2.8)

(%)

0
0
0
0
0
1 (0.5)

Symptomatic DVT or PE

in-hospital)

(0.9)
(1.2)
(1.2)
2 (0.8)
49 (4.3)
33 (3.9)

10-14 (0)
15 (0)
9.8 (0)
9.8 (0)
9 (0)
9 (0)

1,099 Warfarin (all in-hospital)
249 Warfarin (all in-hospital)
257 Warfarin (all in-hospital)
1,142 LMWH (all in-hospital)
842 LMWH (all in-hospital)

0
1 (0.1)
0
0
0
3 (0.4)

6
17
3

^References 263, 267, 268.
f References 199, 244, 258, 260.
|Number of days of in-hospital prophylaxis (number of days of out-of-hospital prophylaxis).
§For Planes et al,263 35-day total DVT prevalence: LMWH/LMWH 7.1%, LMWH/placebo 19.3%; p 0.018 (proximal DVT, p NS; distal
DVT, p 0.006); for Bergqvist et al,267 28-29 day total DVT or PE prevalence: LMWH/LMWH 18%, LMWH/placebo 39%; p < 0.001
(proximal DVT, p < 0.001; distal DVT, p NS); for Dahl et al,268 35-day total DVT prevalence: LMWH-Dextran/LMWH 19.3%,
LMWH-dextran/placebo 31.7%; p 0.034.
-

-

=

=

=

=

=

=

=

=

-
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(19.3%) that was significantly less in the LMWH arm
(7.1%; p 0.018). In the study of Bergqvist et al,267 THR
patients received LMWH prophylaxis (enoxaparin sodium,
=

40 mg daily started preoperatively) for a mean duration of
10 days, followed by random assignment to either contin¬
ued LMWH prophylaxis (enoxaparin sodium, 40 mg daily)

placebo, in a double-blind study design and without
prehospital discharge
venography. Bilateral venography at
day 19 (28 to 29 days after surgeiy) revealed a 34.7% total
DVT prevalence within the placebo arm compared with
16.7% within the LMWH arm. More importantly, 10
patients (8.6%) within the placebo arm developed symp¬
tomatic venous thromboembolism (8 DVT and 2 nonfatal
PE) compared with 2 patients (1.7%) within the LMWH
arm (2 DVT). In the study by Dahl et al,268 THR patients
received LMWH (dalteparin sodium, 5,000 U daily started
for a mean duration of 7 days and dextran
preoperatively)
70 prophylaxis on the day of surgeiy and first postopera¬
tive day, followed by prehospital discharge bilateral venog¬
and lung scanning. Asymptomatic patients with
raphy
either a normal venogram or isolated calf or popliteal DVT
were randomly assigned to continued treatment with
LMWH (dalteparin sodium, 5,000 U daily) or placebo for
an additional 28 days, using a double-blind study design.
Repeated venography at 28 days (35 days after surgery)
revealed a 31.7% total DVT prevalence among patients in
the placebo arm compared with 19.3% in the LMWH arm
(p 0.034). Among patients with a normal prehospital
discharge venogram, the incidence of new DVT on re¬
peated
venography 28 days later was significantly reduced
in the LMWH arm (11.8%) compared with the placebo
arm (25.8%; p
0.017). While the 35-day incidence of
DVT
symptomatic
among the placebo and LMWH hepa¬
rin arms was similar (2.8% vs 3.5%, respectively), three
placebo arm patients (2.8%) developed symptomatic PE
(one fatal) compared with no episodes of symptomatic PE
in the LMWH arm. The combined prevalence of symp¬
tomatic PE and new high-probability lung scans was 6.6%
in the placebo arm compared with 3.6% in the LMWH
arm. Among these three studies, there were no major
bleeding episodes during out-of-hospital prophylaxis.
From these data, we conclude that the incidence of
asymptomatic DVT after hospital discharge among THR
patients is substantial (range, 19 to 26%) and significantly
reduced by out-of-hospital LMWH prophylaxis (range, 7
to 12%) without major bleeding. Furthermore, there is a
trend suggesting a reduction in symptomatic VTE with
out-of-hospital LMWH prophylaxis. However, in a recent
large cohort study of THR (n 1,142) and TKR surgery
patients (n 842) who received LMWH (enoxaparin so¬
dium, 30 mg twice daily started postoperatively) for a mean
duration of 9.5 days, the 90-day incidence of symptomatic
VTE and fatal PE was 4.3% and 0%, respectively, for THR
patients, and 3.9% and 0.2%, respectively, for TKR patients
(Table 8).260 Among the entire cohort, the incidence of
symptomatic VTE during and after LMWH prophylaxis was
2.1% and 2.0%, respectively. Similarly, two large cohort
studies of THR patients receiving adjusted-dose warfarin
prophylaxis for 10 to 15 days found a 90-day symptomatic
VTE incidence and fatal PE incidence of from 0.9 to 1.2%
and 0 to 0.1%, respectively.175199
or

=

=

=

=

These and other data further suggest that asymptomatic

DVT discovered by venography may not be an appropriate

surrogate measure for the major efficacy end point of
interest, symptomatic VTE and fatal PE.258-269-270 Addi¬
tional double-blind, placebo-controlled clinical trials of
in which objectively docu¬
out-of-hospital prophylaxis
mented, symptomatic VTE is the primary efficacy end

measure are needed to resolve this issue. In the
absence of these trials, we continue to recommend a
prophylaxis duration of at least 7into 10 days. Prolonged
prophylaxis should be considered patients with ongoing
risk factors (eg, obesity, lower extremity paresis, malig¬
nancy) or a history of VTE. Posthospital discharge LMWH
(once daily dose without laboratory7 monitoring or dose
effective for prolonged prophy¬
adjustment) is safe and
laxis.263'267-268 Based on VTE treatment trials, we believe
posthospital discharge adjusted-dose warfarin (INR 2.0
to 3.0, laboratory monitoring and dose adjustment re¬
quired) also is safe and effective for prolonged prophylaxis
and is a suitable alternative to LMWH.271-273
In a recent clinical trial and a recent cohort study, a
case-finding strategy of screening for proximal DVT using
prehospital discharge bilateral compression color duplex
was ineffective.258260 In another study, a
ultrasonography
similar strategy using prehospital discharge venography
was found to be cost-effective.197 The results of this study
require confirmation before prehospital discharge venog¬
raphy can be recommended.

point

=

Hip Fracture Surgery
Observed survival after hip fracture is poor, with 90day and 1-year survival rates of 82% and 60%, respec¬
tively.190'274275 Moreover, observed survival is significantly
less than expected survival for patients of similar age and
sex 274,275 jn a population-based, autopsy study of cause of
death among 581 patients dying after hip fracture over the
40-year period, 1953 to 1992, PE was the fourth most
common cause of death, accounting for 14% of all deaths.276
Furthermore, the rate of PE as cause of death was un¬
changed over the course of the 40-year study. These data
confirm fatal PE rates of 4 to 12% reported in studies of
other hip fracture populations (Table 5).166167 In a multivar¬
iate analysis of predictors of death after hip fracture, the risk
of death was significantly reduced among patients receiving
venous thromboembolism prophylaxis.190
pharmacologic
Based on these data, VTE prophylaxis is recommended for
all patients undergoing surgeiy for hip fracture.
Although several types of pharmacologic prophylaxis
regimens have been studied, none are ideal or universally
accepted, primarily because of the risk of bleeding. Even
in the absence of pharmacologic prophylaxis, bleeding is a
major problem in these typically elderly patients with
recent trauma. In the autopsy study of patients dying after
fracture, 24% of patients had major bleeding episodes,
hip
of which 11% were fatal.276
The risk of DVT is increased if hospital admission is
delayed for >2 days after hip fracture.277 Moreover, the
risk of fatal PE is reduced if hip fracture patients are
operated on within 24 h of their injury.276 In one clinical
trial, the incidence of VTE was reduced among patients
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receiving IPC compared with placebo.278 However, to our
knowledge, there are no studies comparing IPC with other
prophylaxis regimens.
A meta-analysis has suggested that aspirin prophylaxis is
effective in preventing postoperative VTE.157 However,
with other prophylaxis regimens, aspirin ap¬
compared
to
be
pears
relatively less effective (Table 9). Nevertheless,
based on meta-analysis, aspirin is the only pharmacologic
prophylaxis regimen that has been shown to significantly
reduce the incidence of PE among patients undergoing
surge ry for hip fracture.157 Furthermore, aspirin also
significantly reduces the incidence of stroke and MI,279 the
third most common cause of death among patients dying
after hip fracture surgery.276 Based on these data, a large
international clinical trial (the Pulmonary Embolism Pro¬
phylaxis Trial) of prolonged
aspirin prophylaxis after hip
fracture surgery using the combined efficacy end point
measure of symptomatic VTE and death is underway.187280

Two studies of LDUH prophylaxis suggested a substan¬
tial risk reduction,181281 although the sample sizes of both
studies were small with correspondingly broad confidence
intervals (CIs). The pooled results from five studies each
of LMWH184281-284 and adjusted-dose oral anticoagulant
involving large numbers of pa¬
prophylaxis176180183'285-286
tients show substantial and similar reductions in relative
risk. To our knowledge, no studies have directly compared
LMWH and adjusted-dose oral anticoagulant prophylaxis
for this indication. Furthermore, differences in the defi¬
nition of bleeding complications preclude cross-study
comparisons of safety. Two trials found no significant
difference in bleeding with LMWH prophylaxis compared
with either placebo184 or LDUH;281 however, the sample
sizes were small and significant differences could have
been missed (type II error). Reported bleeding rates for
adjusted-dose oral anticoagulant prophylaxis range from 2
to 47%,176180182>285'286 with the most recent trial finding no
difference in bleeding compared with placebo.183 Based
on current data, either LMWH or adjusted-dose oral
anticoagulant prophylaxis is preferred. Prophylaxis with
either agent should begin preoperatively if surgery is
delayed, and as soon as hemostasis is assured after surgery.

DVT and PE.287 The control groups of randomized trials,
which include a broad spectrum of neurosurgery patients,
found that almost one quarter of these patients had
objective evidence of DVT by FUT results.288-294 Routine

venography

was

performed

in

patients

in two recent

studies that showed a similar high incidence.295-296 Risk
factors that increase rates of DVT in neurosurgery patients
include intracranial (vs spinal) surgery, malignant (vs
benign) tumors, duration of surgery, and the presence of
leg weakness.297
Physical methods of prophylaxis have been preferred in
neurosurgery because of concern about intracranial or
spinal bleeding. IPC appears to be highly effective at
preventing DVT in these patients, with an average risk
reduction of 74% (from 23 to 6% incidence in combined
trials).289-293298 Although Turpie et al298 found compara¬
ble DVT rates for patients receiving ES alone and those
who had the combination of ES and IPC (both options
were more effective than no prophylaxis), concerns about
the efficacy of ES alone are raised by recent studies.295-298
Randomized trials have not demonstrated an increased
risk of intracranial bleeding in neurosurgical patients who
had prophylaxis with either LDUH288-299-300 or LMWH.295296
The two largest prophylaxis trials in neurosurgery have
compared the use of ES alone with a combination of ES and
LMWH.295296 Both studies showed significant risk reduc¬
tions with the combined prophylaxis. In the trial by Nurmohamed et al,295 the DVT and proximal DVT rates for the
patients given ES alone were 26.3% and 11.5% while the
rates in those given ES plus LMWH were 18.7% and 6.9%,
respectively. In the double-blind Italian study, the DVT and
proximal DVT rates for the ES group were 32.6% and 13.2%
compared with 16.9% and 5.4%, respectively, for the group
that received the combined prophylaxis.296
In summary, prophylaxis with IPC (plus or minus ES)
can be recommended for prophylaxis of DVT in patients
undergoing elective neurosurgery. Other options that may
also be acceptable include LDUH and LMWH. The
combination of LDUH or LMWH and ES or IPC may be
more effective than either pharmacologic or physical
methods of prophylaxis alone.

Elective Neurosurgery, Acute Spinal Cord
Injury, and Trauma

Acute

Neurosurgery
Patients undergoing elective neurosurgical procedures
as at
are
risk of

ing spinal cord injury.301"304 In a multicenter review of
1,419 patients with acute spinal cord injury, Waring and

generally regarded

high

postoperative

Spinal Cord Injury

PE is

one

of the most common causes of death follow¬

Karunas302 reported a 15% incidence of clinically recog¬
nized DVT and a 5% incidence of clinically recognized PE

Table 9.Total DVT Prevalence* as Determined by Venography After Surgery for Hip Fracture

Regimen

Prophylaxis Regimen

No. of Trials

Control/placebo176-184
Low-dose heparin181'281

LMWH184'281"284
Low-intensity warfarin176180483-283-286

Aspirin 182,183,284

Combined
Enrollment
381
59
437
239
171

Total DVT

Prevalence,
48
27
27
24
34

%

by Prophylaxis
Relative Risk

95% CI
43-45
17-38
23-31
19-29
27-44

Reduction,

%

44
44
50
29

^Weighted, pooled total (proximal and distal) DVT prevalence.
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patients with acute spinal cord injury. To our knowl¬
of the inci¬
large prospective studies
edge, there are no observational
studies show a 67 to 100%
dence of DVT; small
incidence of DVT in this patient population.303305-308 In a
large prospective
study of the epidemiology of thrombo¬
embolism in major trauma, spinal cord injury was the risk

in

factor most strongly associated with the development of
DVT with an overall incidence by venography of 81%, and
an incidence of 35% for proximal DVT.303
Although spinal cord injury patients remain at increased
risk for venous thromboembolism indefinitely, the period
of greatest risk for the initiation of DVT is the acute-care
phase.306'309310 However, symptomatic DVT, PE, and fatal
PE also may occur in the rehabilitation phase.309311-319 In
a study by Yelnik et al,315 patients with normal venography
on admission to the rehabilitation unit underwent a second
venogram approximately 1 month later. A further 14% of
these spinal cord rehabilitation patients developed new
DVT during the first month of their rehabilitation pro¬
gram despite continuation of thromboprophylaxis. The
thromboembolic risk remains increased because of the
very high incidence of DVT early after injury and the slow
rate of resolution of DVT in these patients.320 Based on
this evidence, it has been recommended that DVT pro¬
phylaxis be continued for a minimum of 3 months (or at
least until the completion of the rehabilitation phase) in
patients with an acute spinal cord injury.321
Several randomized clinical trials of prophylaxis have
been performed in spinal cord-injured patients (Table 10).
Green et al performed two randomized trials in which
LDUH was compared with adjusted-dose heparin322 or
with an LMWH.323 In the first study, the assessment for
DVT was by IPG and Doppler flow studies. In the second
trial, IPG was combined with duplex scanning. These
screening tests, therefore, primarily detected proximal
DVT. All positive or borderline test results were con¬
firmed with venography. In the LDUH vs adjusted-dose

heparin study, adjusted-dose heparin

was

significantly

Table 10.Prevention of DVT After Acute

Spinal Cord

Injury*

Agent, Author, yr
Low-dose

heparin

Green et al,322 1988
Green et al,323 1990
Geerts et al,324 1996
IPC
Green et al,310 1982

Adjusted-dose heparin

Green et al,322 1988
LMWH
Green et al,323 1990
Geerts et al,324 1996

Combination regimens
Green et

al,310 1982 IPC, ASA,

End Pointsf

Treated (%)

Venography

9/29 (31)
5/19 (26)
10/15 (67)

FUT, IPG

6/15 (40)

IPG

2/29 (7)

IPG, DUS

Venography

0/16 (0)
4/8 (50)

FUT, IPG

3/12 (25)

IPG

IPG, DUS

dipyridamole
Randomized studies that employed treated control subjects grouped
by treatment method.
f IPG impedance plethysmography; DUS duplex ultrasound.

*

=

=

effective than LDUH (DVT rates of 7% and 31%,
respectively). The second study demonstrated significant
superiority of LMWH over LDUH (DVT rates 0% vs
26%, respectively). Geerts et al324 performed a random¬
ized, double-blind trial comparing LDUH and LMWH in
a variety of major trauma patients. Among the 15 spinal
cord-injured
patients receiving LDUH, the numbers with
DVT and proximal DVT were 10 (67%) and 2 (13%), while
the comparable values for the 8 LMWH patients were 4
(50%) and 0. The use of LMWH as prophylaxis for DVT
following acute spinal cord injury is supported 30
by an
uncontrolled study of 60 patients, given enoxaparin mg
ql2h, with a 0% incidence of DVT by duplex scanning.325
In the only study that has assessed the efficacy of IPC in
spinal cord injury patients, the residual proximal DVT
rates were unacceptably high both with IPC alone (40%)
and with IPC plus acetylsalicylic acid and dipyridamole
(25%).310 It thus appears that neither LDUH nor IPC
provide adequate protection against VTE in spinal cord
injury patients, while both adjusted-dose heparin and
LMWH are more effective prophylaxis options than
LDUH. To our knowledge, there are no randomized trials
of prophylaxis with oral anticoagulants, but four uncon¬
trolled studies suggested a significant reduction in symp¬
tomatic VTE rates with the use of routine oral anticoagu¬
lation started shortly after admission compared with
patients who did not have anticoagulation.326-329
Although to our knowledge there are no large, wellcontrolled studies of DVT prophylaxis following acute
spinal cord injury, the very high risk of DVT and PE
combined with the results of currently available studies
suggest that prophylaxis should be used routinely in this
patient group. LMWH seems particularly promising, but
further trials are needed. LDUH, IPC, or ES do not
provide adequate protection when used alone and there
are no data confirming significant benefit using these
modalities in combination.310-330 After the acute injury
phase, conversion from LMWH to full-dose warfarin for at
least the duration of the rehabilitation phase may protect
patients from delayed thromboembolic events.
more

Trauma
Considerable heterogeneity in the spectrum of injuries
results in variable but generally high risks of thromboem¬
bolism in trauma patients (Table 11).303,331-336 Without
prophylaxis,
patients with multisystem or major trauma
have a risk for DVT that exceeds 50% and fatal PE occurs
in approximately 0.5 to 2.0%.303>337 PE is the third most
common cause of death in trauma patients who survive
beyond the first day.303'331'337338 Trauma patients with
single system, nonorthopedic injuries have a lower risk of
VTE than those with multiple system injuries or those with
lower extremity fractures.303'333334'336 Thromboembolic
complications are costly, accounting for 9% of the readmissions to hospital following trauma.339
In a large prospective study of 349 major trauma
patients who did not receive thromboprophylaxis, the
incidence of DVT and proximal DVT, using bilateral
contrast venography, was 58% and 18%, respectively.303
This observation clearly places trauma patients among the
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Table 11.Incidence

of DVT in Trauma Patients (No Prophylaxis)*
Lower

Author, Yr
Sevitt and Gallagher,331 1961
Freeark et al,332 1967
Hjelmstedt and Bergvall,333 1968
Nylander and Semb,334 1972
Kudsk et al,335 1989

Trauma deaths
Bed rest > 3 wk, 56% had

Geerts et

Major trauma ISS

Tibial fractures
Tibial fractures

*ISS

injury severity score; LE

hip fracture only

Multisystem trauma, bed rest 10 days
9
Isolated LE fracture treated surgically
>

al,303 1994
Abelseth et al,336 1996

=

Extremity

Fractures, No. (%)
58 (46)

Patients

>

(68)
76(100)
15(100)
21 (55)
182 (52)
102 (100)
84

End Point

DVT

Autopsy

81/125 (65)

Venography
Venography
Venography
Venography
Venography
Venography

44/124 (35)

34/76(45)
8/14(57)
24/38 (63)
201/349 (58)
29/102 (28)

lower extremity.

other high-risk groups for thromboembolism, including
hip and knee arthroplasty or hip fracture repair. Among
the trauma subgroups, the expected high rates of DVT
were seen in patients with lower extremity (69%) and
spine (62%) fractures and in patients with major head
injuries (54%). This study also documented an unexpect¬
edly high risk in patients whose only major injury involved
their face, chest, or abdomen (41%).303 In another pro¬
spective study, using serial duplex ultrasound scanning
rather than venography, the proximal DVT rate in 130

patients not receiving thromboprophylaxis was 7%.34<)
From a variety of trauma studies, the specific risk

factors associated with an increased incidence of throm¬
boembolism in the postinjury period include the following:
spinal cord injury; lower extremity, pelvic, or spine frac¬
ture; surgical procedure required; advanced age; major
head injury7; femoral venous line or major venous repair;
and prolonged immobility (> 3 days). Although the risk of
DVT increases progressively with age, young trauma
patients may develop major DVT and fatal PE. Thrombo¬
prophylaxis should not be withheld simply because of
youth. The presence of a spinal cord injury, lower extrem¬
ity fracture, major head trauma, or injury to a large vein
are all strong risk factors for DVT. Since most of the
epidemiologic data are derived from patients who have
experienced blunt trauma, there is little information about
thromboembolic risks for patients with penetrating inju¬
ries.341

Unfortunately, there are few level I trials of thrombo-

prophylaxis in trauma. Research in this area has been
limited because of the inherent heterogeneity of the
trauma population and the many variables that are difficult
to control. No single prophylaxis modality7 can be advo¬
cated across the wide spectrum of trauma patients, but the
available prospective studies provide sufficient informa¬
tion to make preliminary7 recommendations.
A recent randomized, double-blind trial compared
treatment with LDUH
with LMWH
(5,000 U bid)
(enox¬
aparin, 30 mg bid), both started within 36 h after injury, in
344 major trauma patients without frank intracranial

bleeding.342 Bilateral contrast venography was performed
day 10 and 14. The DVT rate was 44% in the

between

patients who received LDUH and 31% in those given
LMWH (risk reduction, 30%, p 0.01). More impor¬
=

tantly, the corresponding rates for proximal DVT were
15% and 6%, respectively (risk reduction with LMWH,
58%, p 0.01). The overall rate of major bleeding was
=
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< 2% with no significant differences between the groups
for bleeding events, transfusions, or changes in hemato¬
crit. This study demonstrates the efficacy and safety of
LMWH in high-risk trauma patients, as well as its supe¬

riority over LDUH.
A series of prospective trials by Knudson et al340'343'344

employed serial duplex ultrasonography of the proximal
leg veins as the primary outcome measure. In the first
study, 113 patients received either sequential compression
devices plus ES or LDUH. The rates of VTE were similar
in the two groups, 12% and 8%, respectively.343 The
second trial compared LDUH and IPC with no prophy¬
laxis in 251 trauma patients. The DVT rates with LDUH
were no different than with control subjects. DVT was
detected more frequently with IPC than with no prophy¬
laxis, except in patients with neurotrauma in whom IPC
seemed to be highly effective.340 In the most recent study,
trauma patients who were able to receive prophylactic
anticoagulation were randomized to LMWH (enoxaparin,
30 mg bid) or mechanical prophylaxis with either IPC or
the venous foot pump. Patients unable to receive antico¬
agulants were given either IPC or the foot pump. When

the results in the two subsets of patients were combined,
the DVT rates for the foot pump, IPC, and LMWH were
7%, 2%, and 1%, respectively.344
Other support for the use of LMWH comes from two
randomized trials of outpatient prophylaxis following iso¬
lated lower extremity' injuries.345'346 In both studies, pro¬
phylactic LMWH produced significant reductions in DVT,
detected by duplex scanning, compared with patients
allocated to the control groups. Evidence against the use
of LDUH in major trauma patients comes from a metaanalysis that demonstrated that LDUH was no better than

prophylaxis.347
mechanical prophylaxis options are commonly
Although
used in trauma, to our knowledge, there are no level I
trials demonstrating the protection of these devices in
trauma and they have failed to demonstrate benefit in a
number of
no

studies.340-343'348-351 In two studies, IPC
seemed to be effective in patients with head injuries340-344
and, in a third nonrandomized study, IPC was believed to
be as effective as LDUH.352 In addition to suboptimal
protection, other major problems with the use of IPC in
trauma include their inabilitv to be used in about one third
of trauma patients (due to lower extremity fractures, casts,
or dressings), poor compliance with proper use of the
devices by both patients and nursing staff, and relatively
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high cost.353-354 Although IPC and ES cannot be recom¬
mended as routine prophylaxis in trauma, they are poten¬
tially useful in patients with intracranial bleeding and as
the initial prophylaxis for patients currently at high risk for
bleeding who may be suitable candidates for anticoagu¬
lants later. The proper role of the venous foot pump in
trauma awaits methodologically sound clinical trials.
In view of the high risk for clinically important VTE in
trauma and the limited effectiveness of most prophylaxis
modalities, screening for asymptomatic DVT with duplex
ultrasound or magnetic resonance venography has been
recommended for high-risk patients.344-355-358 However,
several problems are associated with screening trauma
patients for asymptomatic DVT and this strategy has never
been prospectively validated in a well-controlled study.
The sensitivity of noninvasive testing for silent proximal
DVT is considerably lower than for symptomatic thrombi.
At least 25% of trauma patients are unable to have a
complete study of their proximal deep venous system
because of local injuries, dressings and casts, or poor
patient cooperation.359 There is also substantial cost in¬
volved.359-362 Furthermore, screening has the potential to
delay the initiation of prophylaxis. Although the routine
use of screening for DVT cannot be justified in trauma
patients, there are certain clinical situations in which
selective screening might be beneficial. These include the
assessment of patients who are transferred from a hospital
where effective prophylaxis was not utilized or in high-risk
patients in whom early and effective prophylaxis has not
been possible.
Prophylactic vena caval filter insertion has been recom¬
mended for trauma patients at very high risk for throm¬
boembolic complications.363-366 To our knowledge, there
are no randomized trials demonstrating an incremental
benefit of IVC filter insertion when combined with the
most effective prophylaxis modality7 appropriate for the
patient's clinical status. Furthermore, IVC filter use may
be associated with occasional short- or long-term compli¬
cations, it is costly, and it may result in thrombosis at the
insertion site as well as increased late development of
j)VT 221,367 when LMWH is used as prophylaxis, the
addition of screening with duplex scanning or the insertion
of a vena caval filter has been estimated to cost >$100,000
per PE prevented.362368 Another recent analysis con¬
cluded that routine screening or prophylactic vena caval
insertion would not

prevent any deaths or otherwise
benefit trauma patients.369 Therefore, a more conservative

approach to the use of IVC filters in trauma seems to be
emerging.362'369-371 IVC filter insertion is primarily indi¬
cated for patients with proven proximal DVT who have an
absolute contraindication to full anticoagulation.
Every trauma unit should develop a management
guideline for the prevention of thromboembolism. Most
major trauma patients should be given thromboprophy¬
laxis. Patients with relatively minor injuries, who are fully
mobile, and who will be discharged within a few days after
hospital admission may not require prophylaxis. The use of
LMWH is the simplest and most effective option for most
of these patients. Current contraindications to early initi¬
ation of LMWH prophylaxis include the following: (1)
intracranial bleeding; (2) incomplete spinal cord injury

associated with perispinal hematoma; (3) uncontrolled
and (4) uncorrected coagulopathy. These condi¬
bleeding;
tions occur in up to one quarter of major trauma admis¬
sions. The presence of head injury without frank hemor¬
rhage, complete spinal cord injuries, lacerations, or
contusions of internal organs such as the lungs, liver,
spleen, or kidneys, or the presence of retroperitoneal
hematoma associated with pelvic fracture do not by them¬
selves contraindicate the use of LMWH prophylaxis as
long as the patient has no evidence of active bleeding.
Most trauma patients can be started on a regimen of
LMWH within 36 h of injury although short delays in
commencement are appropriate when necessary to estab¬
lish patient stability.
For patients with contraindications to LMWH prophy¬
laxis, mechanical modalities (ES, IPC, or the venous foot
pump) should be considered. After an initial period of
mechanical prophylaxis, during which primaiy hemostasis
becomes established, these patients can often be started
on a regimen of anticoagulants. For trauma patients with
ongoing risks for thromboembolism, continuing prophy¬
laxis with oral anticoagulants should be considered if there
is no major risk of bleeding and no further surgical

procedures are required.
Rums

Few studies have addressed the incidence of DVT and
PE in burn patients. In the classic autopsy study by Sevitt
and Gallagher,331 the incidence of DVT and PE in patients
who died after burns was 60% and 6%, respectively.
Freeark et al332 found venographic evidence of DVT in 3
of 12 burn patients. Only 6 of 1,439 adult burn patients

who were followed up prospectively without thrombopro¬

phylaxis developed clinically diagnosed PE (0.4%).372
However, 20% of 71 patients admitted to the same burn
center had duplex scan evidence of thrombosis related to
central venous catheters, and 5 of the 14 thrombi detected
were symptomatic.373 There is currently no evidence to
justify routine prophylaxis of DVT in burn patients; but
patients with indwelling venous catheters or additional risk
factors for DVT may warrant prophylaxis.
Medical Conditions

surgical patients, prevention of VTE is
less well studied in hospitalized medical patients. The
trials are, in general, limited in number and smaller in size.
Among medical conditions, MI and ischemic stroke are
the most completely studied.
In contrast to

Myocardial Infarction
Prophylactic antithrombotic therapy in patients with MI

be used to prevent VTE, mural thrombosis, and
systemic arterial embolism. In this section, the prevention
of VTE in patients with MI will be considered. Both
and oral anticoagulants have been evaluated in
heparin
clinical trials in such patients. Heparin has been used
either in low doses by subcutaneous injections, in high
doses parenterally, or in combinations with oral anticoagu¬
lants.
can
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The overall incidence of leg DVT is about 24% among
patients not treated with antithrombotic therapy (Ta¬
ble 12).374-379 Four trials evaluated LDUH in varying
regimens (5,000 U bid or tid to 7,500 U bid)374-377 and
three of these found a significant reduction in calf
DVT.375-377 Two trials evaluated high-dose IV heparin
(40,000 U/d) and also found a beneficial effect in reducing
leg DVT with no increase in bleeding complications.378-379
Several older randomized trials have addressed full
anticoagulation with heparin and oral anticoagulation in
patients after MI. These trials antedated widespread
application of objective radiologic tests to diagnose VTE
and study end points consisted of clinical diagnoses of
DVT and PE in patients with overt signs and symptoms.
Because of the lack of confirmatory tests and the open
nature of most of these trials, these data should be

serving as control. In addition, all patients received aspirin,

75 to 160 mg/d. The FUT was the outcome measure of
lower extremity thrombotic events. There were eight
control legs with an abnormal scan compared with no
abnormalities for legs on which graduated compression

MI

stockings were worn (p 0.003).
=

data, LDUH and full anticoagula¬
reduce the incidence of VTE in patients with acute
ML Presumably, mechanical methods of prophylaxis (ES,
IPC) would also be useful in acute MI patients when the
bleeding risk is high and conventional antithrombotic
agents are contraindicated. The current trend of more
aggressive therapy with thrombolytics, unfractionated
heparin, LMWHs, antiplatelet agents, or combinations of
these drugs has made the prevention of DVT a secondary7
aim. The effect that concurrent or antecedent lytic or
LMWH therapy might have on the development of DVT
after MI is not known.
From the available

tion

cautiously.
interpreted
In

the Medical Research Council trial, 1,427 patients
with MI were randomized to either high-dose anticoagu¬
lant therapy (heparin, 15,000 U, IV bolus, followed by
heparin 10,000 U, IV, q6h for five10doses, then phenindione targeted at a thrombotest of
to 20%) or low-dose
treatment (1 mg pbenindione daily) for 4 weeks.380 The
incidence of DVT was 1.5% in the high-dose group
compared with 4% in the low-dose group, while PE
occurred in 2.2% of the high-dose patients and 5.5% in the
low-dose subjects. In the Bronx Municipal Hospital trial,
1,136 patients with MI were randomized to either antico¬
agulants (heparin 10,000 U q8h for five doses then
phenindione to maintain the prothrombin time between 2
and 2.5 times control) or placebo.381 PE occurred in 6.1%
of patients in the control group compared with 3.8% in
those treated with anticoagulants (p NS). In the Veter¬
ans Administration trial, 999 patients with MI were ran¬
domized to concomitant heparin (10,000 U, subcutane¬
ously until INR therapeutic) and warfarin (INR, 2 to 2.5)
or no antithrombotic treatment.382 Clinical PE occurred in
2.6% of patients in the control group and in 0.2% of the
anticoagulant group. This difference was statistically sig¬
nificant. Wright et al383 prospectively randomized 800
patients to dicumarol (target prothrombin time of 30 s) or
no treatment based on even and odd days of hospital
admission. The rate of DVT was 2% in the anticoagulant
group compared with 5% in the control group, and the
rates of PE were 5.2% and 9.4%, respectively.
In a study by Kierkegaard and Norgren,384 80 patients
aged >70 years with acute MI wore graduated compres¬
sion stockings on one leg with the contralateral extremity

Ischemic Stroke
Stroke patients have a high risk of DVT in the pare tic or
paralyzed lower extremity with a pooled overall DVT
incidence of 63%157 (Table 12). Approximately 5% of early
deaths following stroke are attributed to PE. To date, six
randomized trials have evaluated several different VTE
prophylaxis regimens, including LDUH, adjusted dose hep¬
arin, LMWH, and mechanical compression devices.385-391 In
separate trials, both LDUH (5,000 U q8h) and adjusted-dose
heparin were effective compared with control patients not
receiving prophylaxis. Similarly, two trials demonstrated
LMWH prophylaxis to be more effective than placebo.386,387
One trial compared LMWH with LDUH and demonstrated
a decreased incidence of DVT with LMWH.388 Another
LMWH trial did not demonstrate any reduction in the
incidence of DVT when compared with a placebo group.389
The lack of LMWH efficacy in the latter trial may have been
due to an inadequate sample size. From these studies,
LDUH and LMWH can be recommended in patients with
acute stroke. These prophylactic regimens were all main¬
tained for 14 days following the cerebrovascular event.
Continued use of prophylaxis would depend on the clinical
risk factors that persist, such as bed rest, congestive heart
failure, and infection. In one trial using ultrasound end points
for DVT, IPC was effective in reducing the incidence of DVT
during the first 14 days following stroke.392 More recently,
two trials evaluated the effectiveness of heparin, aspirin, and
LMWH (danaparoid) in reducing the neurologic deficit

=

Table 12.Prevention

of DVT in Patients With MI and Ischemic Stroke
Relative Risk

Condition
MI

Ischemic stroke

Regimen

No. of Trial

No. of Patients

No. of DVT

214
165
70
257
202
167

51
11
3
161
47
27

Control374-377
LDUH374377

High-dose heparin378'379

Control385387-389
LDUH385388
LMWH386-388
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Incidence,
24
7
4
63
23
16
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95% CI
18-30
3-11
0-8
57-69
17-29
10-22

on

Reduction, %
71
86
63
75
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following acute ischemic stroke.393-394 As part of the overall

antithrombotic assessment of these agents, the incidence of
clinical PE and DVT was assessed. In the International
Stroke Trial, there was a significant reduction in the fre¬
quency of fatal and nonfatal PE.0.5% in the heparintreated patients and 0.8% in the nontreated group
(p 0.02).393 The heparin group was randomized to receive
5,000 U given subcutaneously every 12 h vs 12,500 U every7
12 h. There was no difference in the incidence of PE but a
higher bleeding risk was noted in the patients receiving the
higher-doseinregimen. In this same trial, aspirin (300 mg) was
ineffective reducing fatal and nonfatal PE. In the Trial of
ORG 10172 (danaparoid) in Acute Stroke Treatment
(TOAST), IV danaparoid adjusted to maintain an antifactor
Xa between 0.6 to 0.8 antifactor Xa U/mL for 7 days was
compared with placebo in the reduction of neurologic deficit
acute ischemic stroke.394 The clinical incidence of
following
DVT/PE was 0.4% in the placebo group compared with 0%
in those receiving danaparoid. This trial used therapeutic
doses of danaparoid and cannot be compared with the
prophylactic dosing mentioned above.
=

Other Medical Conditions
There are relatively few studies of VTE prophylaxis in
medical patients admitted to hospital without MI or
stroke. Rates of DVT in such patients have been deter¬
mined in descriptive studies that used FUT as the out¬
come measure.395 These studies reported DVT rates of
approximately 20% and found that congestive heart failure
and/or underlying chest infections predisposed patients to
DVT.

Belch et al396 randomized 100 patients with heart failure
chest infection or both who were >40 years of age to
either LDUH, 5,000 U q8h, or no prophylaxis. The rate of
leg scan-detected DVT was reduced from <26% in the
control group to 4% in the heparin group (p 0.01). The
two cases of PE documented by lung scan occurred in the
control patients. No bleeding complications occurred in
either group.
Dahan et al397 randomized 263 medical patients >65
years of age to either LMWH (enoxaparin, 60 mg) once
daily by subcutaneous injection or placebo. The rate of leg
scan-detected DVT was 9.1% in the placebo-treated pa¬
tients compared with 3% in the LMWH treated patients
(p 0.03). Three patients in the placebo group had PE at
autopsy. There were three patients with bleeding in the
placebo
group compared with one in the LMWH group.
In a trial reported by Harenberg et al,398 166 medical
patients were randomized to LDUH (5,000 U q8h) or
LMWH. The rates of DVT detected by impedance pleth¬
ysmography and duplex ultrasound were 4.5% and 3.6%,
or

=

respectively (p NS).
In a trial reported by Cade,399 critically ill patients
stratified by location in an ICU or a medical ward were
randomized to LDUH or placebo. Some of the patients in
the ICU were postoperative. Among the ICU patients, the
incidence of leg DVT was 29% in control patients com¬
pared with 13% in patients receiving LDUH (p < 0.05).
The DVT incidence among the medical ward patients was
not significantly reduced by LDUH.
=

reported by Harvey and Finch400 in
to receive either dicumarol if admitted to the hospital on
an even day and no treatment if admitted on an odd day.
In

a

clinical trial

1950, patients with congestive heart failure were assigned

VTE events were documented using clinical and autopsy
criteria. In the dicumarol group, 1 patient had DVT
compared with 8 patients with DVT and 13 with PE in the

control group. In another clinical trial of similar design
conducted by Halkin and colleagues,401 LDUH was ad¬
ministered if a patient had an even hospital identification
number, and no prophylaxis if the number was odd. There
was a statistically significant reduction in mortality in the
heparin group; thromboembolic events were not reported.
More recently, two trials by Bergmann and Neuhart402
and Harenberg et al403 evaluated the efficacy and safety of
LMWH vs LDUH in hospitalized patients with acute
medical illnesses. Bergmann and Neuhart402 conducted a
multicenter, randomized, double-blind study, comparing
LMWH (enoxaparin 20 mg qd) with LDUH (5,000 U
ql2h) in hospitalized elderly patients with acute medical
illness. The efficacy end points of thromboembolic disease
were evaluated by 125I-fibrinogen scanning and clinical
evidence of PE. The incidence of thromboembolic events
was 4.8% in the LMWH group and 4.6% in the LDUHtreated patients. Three patients experienced major bleed¬
ing, one in the LMWH group and the other two receiving
LDUH. The second study by Harenberg et al403 was also
a multicenter, randomized, double-blind study comparing
LMWH (nadroparin 3,600 U qd) with LDUH (5,000 U
q8h) in hospitalized, bedridden patients. The primary end
points of this trial were the occurrence of symptomatic
DVT and/or PE, or asymptomatic proximal DVT detected
by compression ultrasound. Six thrombotic events (0.8%)
occurred in patients randomized to LMWH treatment and
four (0.5%) in patients receiving LDUH. Major bleeding
complications were reported in 0.6% of patients receiving
LMWH and in 0.5% of the LDUH group.
Patients with malignant disease are at high risk for
thromboembolic disease.404 Most of the studies reporting
the incidence of thromboembolism in cancer patients have
been conducted in patients with breast cancer. The risk of
thromboembolism in women with stage II breast cancer
receiving chemotherapy is 6.8%.405 The antiestrogen, ta¬
moxifen, increases the thrombotic risk of chemotherapy in
stage II breast cancer patients.406 Patients with stage IV
breast cancer are at higher risk of thrombosis than stage II
patients because of the greater tumor burden and in¬
creased comorbid conditions, such as immobility, infec¬
tion, and surgery.407 Goodnough et al408 reported a 17%
rate of thrombosis in stage IV breast cancer patients
receiving chemotherapy. In a randomized trial of tamox¬
ifen vs placebo in stage I breast cancer, the risk of
thromboembolism was 0.9% in the tamoxifen-treated
group compared with 0.2% in the placebo-treated pa¬
tients.409 There are other advanced cancers that are likely
to be associated with a high risk of thromboembolism, eg,
brain tumors, patients with adenocarcinoma, including
locally recurrent rectal cancer receiving radiation, pancre¬
atic cancer, and advanced GI cancers. However, precise
estimates of thrombotic rates in these groups are not
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available.
catheters

Finally, cancer patients with indwelling central
are

increased risk for thrombosis of the

at

axillary/subclavian
Levine et al411 randomized 311 women with metastatic
breast cancer receiving chemotherapy to treatment with
either very-low-dose warfarin (n 152) or placebo
(n 159). The warfarin dose was 1 mg/d for 6 weeks and
then the dose was adjusted to maintain the INR between 1.3
and 1.9. The
INR was 1.5 and the
dose of
veins.410

=

=

average
average
warfarin to maintain the INR within the target range was 2.6
mg. There were seven thromboembolic events in the placebo
group compared with one in the warfarin group (p 0.03).
Major bleeding occurred in two placebo- treated patients
and one patient receiving warfarin. Rajan et al412 per¬
formed a cost-effectiveness analysis using the results of
this trial and showed that very-low-dose warfarin can be
provided to women with metastatic breast cancer receiv¬
ing chemotherapy without an increase in health-care costs.
Bern et al410 have conducted a randomized trial in
which patients with indwelling central vein catheters were
randomized either to treatment with 1 mg/d of warfarin or
no treatment. All patients underwent upper extremity
venography at 90 days, or sooner if they developed
symptoms of upper extremity thrombosis. Patients who
received warfarin had a 9.5% rate of venous thrombosis
with 37.5% in the control patients. This differ¬
compared
ence was statistically significant. Monreal and col¬
randomized cancer patients with catheters to
leagues413
LMWH (dalteparin 2,500 anti-Xa units qd) or no treat¬
ment for 90 days. Patients underwent upper extremity
if symptoms appeared.
venography at 90 days, or sooner
This study was stopped early after 8 of 13 control patients
developed thrombosis compared with 1 LMWH-treated
patient who developed thrombosis (p 0.002). Based on
these results, it would be reasonable to administer 1 mg/d
of warfarin or an LMWH once daily to cancer patients
with indwelling central catheters. Prophylaxis with 1 mg of
warfarin or another less intense warfarin regimen in die
=

=

ambulatory

cancer

patient

to

prevent

DVT

or

PE is

promising but warrants further evaluation.
Other Medical

Categories

patients, there are insufficient data in the
literature to make firm recommendations about prophy¬
laxis of VTE. A reasonable but empiric approach would be
to assess clinical risk factors and to assign a level of risk as
outlined in Table 4.414 In this schema, the intensity of
is linked to the presence and number of
prophylaxis
clinical risk factors. Because this rationale is based on
extrapolation of results from other patient categories, it is
For many

a

grade C recommendation.

Recommendations

General

Surgery

1. In low-risk

general

surgery

operations,

are <

(levels of risk detailed in Table 4)
patients who are undergoing minor
40 years of age, and have

no

clinical
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risk factors, it is recommended that no specific prophy¬
laxis other than early ambulation be used. This is a grade
Cl recommendation based primarily on the low risk in
such patients.
2. In moderate-risk general surgery patients who are
> 40 years of age or are undergoing major operations,
but who have no additional clinical risk factors for VTE,
it is recommended that LDUH, LMWH, IPC, or ES be
used. These are grade Al recommendations.
3. In higher-risk general surgery patients who are > 40
years of age, undergoing major operations, and have
additional risk factors, it is recommended that LDUH or
higher-dosage regimens (see text) of LMWH be used.
These are grade Al recommendations. In higher-risk
general surgery patients who are prone to wound com¬
plications such as hematomas and infection, IPC is a good
alternative choice for prophylaxis. This is a grade Al
recommendation.
4. In very-high-risk general surgery patients with mul¬
tiple risk factors, it is recommended that effective phar¬
macologic methods (LDUH or LMWH) be combined
with IPC. This is a grade Bl recommendation based on
level II data and on extrapolation of data from other
patient groups. In selected very-high-risk general surgery
patients, perioperative warfarin (INR, 2.0 to 3.0) therapy
may be used. This is a grade A2 recommendation.
5. In general surgery patients, aspirin is not recom¬
mended for prophylaxis because other measures (as
recommended above) are more efficacious.

Surgery for Elective Hip or Knee Replacement or
Hip Fracture
6. In patients undergoing elective THR surgery, it is

recommended that treatment with LMWH (started 12 to
24 h after surgery), or warfarin (INR 2.0 to 3.0; started
=

preoperatively immediately after surgery), or adjusteddose heparin (started preoperatively) be employed.
These are grade Al recommendations. Adjuvant prophy¬
laxis with ES or IPC] may provide additional efficacy.
Although other agents such as LDUH, aspirin, dextran,
and IPC reduce the overall incidence of VTE, they are
less effective.
7. In patients undergoing elective TKR surgery, it is
recommended that LMWH, warfarin, or IPC be used for
prophylaxis. These are grade Al recommendations.
8. The optimal duration of anticoagulant prophylaxis
after THR or TKR surgery is uncertain. Based on abun¬
dant data, a grade Al recommendation canbe made for a
7- to 10-day duration of prophylaxis with LMWH or
warfarin. Emerging level I data suggest that a 29- to
35-day duration of LMWH prophylaxis may offer addi¬
tional protection. This is an A2 recommendation because
of uncertainty regarding the risk/benefit ratio and costeffectiveness.
9. Routine screening with duplex ultrasonography is
not recommended in asymptomatic patients following
THR and TKR surgery.
10. In patients undergoing hip fracture surgery, it is
recommended that treatment with either preoperative
or

Fifth ACCP Consensus Conference
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warfarin (INR 2.0 to 3.0; started preoper¬
atively immediately after surgery) be used for prophy¬
laxis. This is a grade A2 recommendation because of
uncertainty regarding the risk/benefit ratio and costeffectiveness.
11. In orthopedic surgerrj patients, it is recommended
that prophylactic IVC filter placement should be limited
to high-risk patients in whom other forms of anticoagu¬
lant-based prophylaxis are not feasible because of active
bleeding. This is a grade C2 recommendation.
LMWH

or

=

or

Elective Neurosurgery, Acute
and Trauma

Spinal Cord Injury,

12. It is recommended that IPC with or without ES be
used in patients undergoing intracranial neurosurgery.
LMWH and LDUH may be acceptable alternatives.
These are grade Al recommendations. The combination
of physical (IPC or ES) and pharmacologic (LMWH or
LDUH) prophylaxis modalities may be more effective
than either modality alone in high-risk patients. This is a
grade Bl recommendation.
13. In patients with acute spinal cord injury, prophy¬
laxis with LMWH is recommended. This is a grade Bl

recommendation. LDUH, ES, and IPC are ineffective
when used alone and are not recommended. However,
ES and IPC might have benefit if used in combination
with LMWH or if anticoagulants are contraindicated.
This is a grade Cl recommendation. In the rehabilitation
phase of acute spinal cord injury, continuation of LMWH
therapy or conversion to full-dose oral anticoagulation
may provide ongoing protection. This is a grade C2
recommendation.
14. Trauma patients with an identifiable risk factor for
thromboembolism should receive prophylaxis if possible.
If there is no contraindication, LMWH therapy should be
started as soon as it is considered safe to do so. This is a
grade Al recommendation. Initial prophylaxis with a
mechanical device (IPC) should be considered if LMWH
prophylaxis will be delayed or is contraindicated because
of concernsabout the patient's risk of bleeding. This is a
grade Cl recommendation. In patients at high risk for
thromboembolism and suboptimal prophylaxis, consider¬
ation should be given to screening with duplex ultra¬
sound. IVC filter insertion may be considered in patients
at high risk for thromboembolism and suboptimal pro¬
phylaxis, especially if proximal DVT is demonstrated and
if anticoagulation is contraindicated. This is a grade C2
recommendation.

recommendations. IPC plus ES are probably
effective. These are grade Bl recommendations.
17. In general medical patients with clinical risk factors
for VTE, particularly those with congestive heart failure
and/or pulmonary infections, LDUH or LMWH is effec¬
tive. These are grade Al recommendations.
18. It is recommended that warfarin, 1 mg daily or
LMWH once daily, be used in patients with long-term
indwelling central vein catheters to preventAl axillarysubclavian venous thrombosis. This is a grade recom¬
mendation.

grade Al

Patients From All

19.

placed for regional anesthesia or analgesia,
LMWH should be used with caution (see text for details).
This is a grade Cl recommendation.
catheters
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