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Postoperative venous thromboem-
bolism in the pelvis and lower 
extremities is a potentially life-
threatening complication in patients
who undergo elective total hip and
total knee arthroplasty.  The inci-
dence of deep vein thrombosis after
total hip arthroplasty ranges from
45% to 57%; in 23% to 36% of cases,
the condition occurs proximally.1

Fatal pulmonary embolism occurs in
3% to 6% of patients if prophylaxis is
not used after total joint arthro-
plasty.1 For total knee arthroplasty,
the incidence of deep vein thrombo-
sis ranges from 40% to 84%. In 9% to
20% of cases, the condition occurs
proximally.1

Pulmonary embolism occurs in
1.8% to 7% of patients and is fatal in
0.7% of cases.1 The larger thrombi
that may form in the iliac, femoral,
and popliteal veins after total hip
arthroplasty are associated with a
higher incidence of embolization

and mortality.  The recently ex-
pounded opinion that pulmonary
embolism is not a complication of
isolated thrombosis from the calf
veins has been challenged, and the
need for prolonged anticoagulation
of calf thrombi remains an issue of
debate.2 Identification of the safest
and most efficacious anticoagulation
regimen may make this answer eas-
ier.  Unfortunately, no one prophy-
lactic regimen has been shown to be
effective, safe, inexpensive, and con-
venient enough that it has gained
widespread acceptance.

Both primary and secondary
means of prophylaxis against throm-
boembolic disease are available to
the orthopaedic surgeon.  Primary
prophylaxis refers to the prevention
of thromboembolic disease and in-
cludes pharmacologic, mechanical,
and combination therapies. Sec-
ondary prophylaxis refers to the
identification and treatment of

thromboembolic disease before its
progression to a more threatening or
serious state. Cuff-impedance
plethysmography, ultrasound scan-
ning, fibrinogen-uptake monitoring,
and contrast venography are of
varying utility in the diagnosis of
thromboembolic disease. The sensi-
tivities of cuff-impedance plethys-
mography and ultrasound scanning
are too low for them to be beneficial
as widespread screening tools.3-5

Contrast venography is a sensitive
and specific technique for identify-
ing deep vein thrombosis; however,
not only is it invasive and expensive,
but it can also be associated with po-
tential complications, such as post-
venographic phlebitis (which occurs
in fewer than 1% of cases).
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Abstract

Postoperative venous thromboembolism in the pelvis and lower extremities is a po-
tentially life-threatening complication in patients undergoing elective total hip
and total knee arthroplasty. Numerous pharmacologic methods of prophylaxis
have been used in the past with varying degrees of success.  Warfarin has been
proved effective as a prophylactic agent after total hip arthroplasty but has been
less efficacious after total knee arthroplasty.  The low-molecular-weight heparins
have recently been approved for prophylaxis after total hip and total knee arthro-
plasty and are an acceptable alternative to warfarin.  This new class of drugs ap-
pears to have the advantage of predictable subcutaneous bioavailability, which
allows less frequent administration and laboratory monitoring and offers a de-
crease in the occurrence of side effects.
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The need for effective primary
prophylactic measures is empha-
sized by previous studies document-
ing that 80% of pulmonary emboli
occur without evidence of deep vein
thrombosis.  Furthermore, two
thirds of patients who sustain a fatal
pulmonary embolism do so within
30 minutes of becoming symptom-
atic.  Time constraints, cost consider-
ations, and the need for more
invasive treatment make secondary
forms of prophylaxis much less de-
sirable than primary measures.  Easy
identification of deep vein thrombo-
sis in asymptomatic patients also re-
mains elusive.

The factors promoting throm-
boembolic disease have been known
for many years.  Virchow's triad of
stasis, vessel injury, and coagulopa-
thy remains the basis for determin-
ing risk of thromboembolic disease.
Risk factors in the general popula-
tion include advanced age, pro-
longed immobility, and history of
thromboembolism, obesity, conges-
tive heart disease, use of oral contra-
ceptives, or malignant disease.
Patients who undergo total hip or
knee arthroplasty tend to be of ad-
vanced age, are subjected to periods
of immobilization, and often have
concomitant disease processes, espe-
cially those affecting the cardiovas-
cular and pulmonary systems.  In
addition, several factors may be re-
lated to the procedure itself.  Severe
tissue trauma encountered during
the operation causes large quantities
of prothrombic substances to be re-
leased.  Manipulation of the limb re-
sults in torquing and congestion of
the femoral and popliteal vessels,
and smaller blood vessels may be
damaged by surgical instruments.

The ultimate goal of any prophy-
lactic regimen should be the preven-
tion of death; therefore, assessment of
the effectiveness of a prophylactic
measure should be based on this cri-
terion.6 The low incidence of fatal
pulmonary embolism makes con-

trolled prospective studies difficult.
For this reason, many authors have
relied on the incidence of deep ve-
nous thrombosis as a measure of the
likelihood of fatal pulmonary em-
bolism.  Furthermore, it has been
shown that thrombi in the proximal
veins of the thigh and pelvis have a
higher predilection for embolization
than more distal thrombi.1 Ideally,
randomized, prospective, blinded
trials should be conducted and eval-
uated with reliable, objective diag-
nostic means.  This article will
review the current status of antico-
agulation therapy after total joint
replacement and will attempt to
draw conclusions regarding opti-
mal anticoagulation therapy on the
basis of the information currently
available.

Warfarin

Warfarin has been in use as an anti-
coagulant agent in hip surgery for
close to 40 years.  Although its effi-
cacy has been proved, warfarin is
not without risk of bleeding compli-
cations.  Many physicians aban-
doned warfarin after initial use
because of bleeding complications.
Nevertheless, administration of
warfarin, alone or in conjunction
with other prophylactic means, has
long been the standard in total hip
arthroplasty and remains one of the
more prevalent and effective means
of prophylaxis. 

Mechanism of Action
Warfarin, a vitamin K antagonist,

exerts its anticoagulant effect by in-
hibiting vitamin K epoxide and pos-
sibly vitamin K reductase.  This
leads to limited carboxylation of vit-
amin K–dependent proteins (pro-
thrombin, factor VII, factor IX, and
factor X). In addition, warfarin limits
the carboxylation of proteins C and S
by impairing their natural anticoag-
ulant effect.

The observed anticoagulant effect
is delayed 24 to 36 hours, represent-
ing the time necessary for replace-
ment of the normal clotting factors
with the newer decarboxylated fac-
tors.  Since factor VII has the shortest
half-life (6 to 7 hours), the initial an-
ticoagulant effect is caused by the
turnover of this factor.  The full anti-
coagulant effect is not realized until
72 to 96 hours, when complete re-
placement of the other vitamin
K–dependent factors occurs. Sup-
pression of the natural anticoagu-
lant protein C takes place early due
to its short half-life, which may lead
to a prothrombic phase at approxi-
mately the time of factor VII inhibi-
tion.  This may explain both the lack
of early anticoagulation induced by
factor VII inhibition and the need for
heparinization early in warfarin
therapy.7

Results in Total Hip Arthroplasty
Amstutz et al6 reviewed the data

on 2,838 patients who underwent
3,700 total hip arthroplasty proce-
dures and received warfarin pro-
phylaxis during the period from
1970 to 1990.  Patients received a
daily dose of 10 mg of warfarin be-
ginning the night of surgery and
continuing daily to maintain their
prothrombin time in a desired range.
The currently recommended target
range is 15 to 17 seconds (1.2 to 1.4
times the control value), which is
equivalent to an international nor-
malized ratio (INR) of approxi-
mately 2.0.  (The INR is the ratio
between the prothrombin time that
would have been obtained if the in-
ternational thromboplastin reagent
had been used and the time obtained
with use of the locally available
reagent.)  Until 1976, when the hos-
pital stay averaged 21 days, prophy-
laxis was continued until the night
before discharge.  After 1976, the
length of hospitalization dropped,
and prophylaxis was continued for a
total of 3 weeks postoperatively.  Di-
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agnostic studies were obtained if
clinical suspicion warranted and
generally consisted of ventilation-
perfusion scanning or venography.

In this study of 3,700 total hip
arthroplasties, Amstutz et al found
no fatal pulmonary emboli. Nonfa-
tal pulmonary emboli occurred in a
total of 21 patients (0.57%).  Nine
emboli were diagnosed with ventila-
tion-perfusion scans, and five were
diagnosed on the basis of clinical
findings.  The incidence of pul-
monary emboli was 2.0% from 1970
to 1973, but dropped to 0.4% in the
period from 1973 to 1990.  The au-
thors felt that the significant drop in
the incidence of pulmonary emboli
may have been attributable to earlier
ambulation and closer monitoring of
prothrombin time.  Pulmonary em-
boli developed 24 to 40 days after
discharge in 6 patients who received
warfarin for an average of 11.6 days.
From 1976 to 1990, no emboli were
reported in patients who received a
3-week course of warfarin.  In the
same period, bleeding complications
occurred in only 1.6% of the opera-
tions; this represented a reduction
from the incidence of 4.7% earlier in
the study period, which was attrib-
uted to maintenance of a lower pro-
thrombin time.

The effectiveness and safety of
low-dose warfarin has led to its use
after discharge.  Paiement et al8 con-
cluded that adjusted-low-dose war-
farin was efficacious and safe in
preventing fatal pulmonary emboli
after discharge.  Their study in-
cluded 268 patients who underwent
total hip arthroplasty and received
maintenance warfarin therapy for 12
weeks after discharge.  The treat-
ment protocol included careful
monitoring to ensure that the pro-
thrombin time remained between 14
and 16 seconds and the partial
thromboplastin time was less than
50 seconds, as well as vigilance for
potential drug interactions and a
daily review of the patient's re-

sponse to  warfarin. Two nonfatal
emboli were identified before dis-
charge. No pulmonary emboli or
major bleeding episodes requiring
treatment occurred after discharge.

The use of a fixed-low-dose regi-
men of warfarin after discharge may
encourage more widespread post-
discharge prophylaxis due to its
cost-effectiveness, convenience, and
less extensive need for monitoring.
Wilson et al9 conducted a random-
ized study comparing a fixed dosage
(2 mg/d) with an adjusted dosage in
two groups of patients and found no
differences in the incidence of
thrombi.  A larger study population
is required, however, to obtain con-
clusive results.

Improved understanding of labo-
ratory monitoring allows improved
management of the antithrombotic
activity of warfarin.  Use of the INR
would make possible more stan-
dardized reporting of anticoagulant
effects from institution to institu-
tion.7 The current goal is an INR
value of 1.8 to 2.5.  Also relevant is
the finding by Paiement et al4 that a
small subset of patients receiving
low-dose warfarin had an increased
risk for bleeding complications, as
indicated by an elevated partial
thromboplastin time.4 The incidence
of bleeding complications was 26.4%
in patients with a partial thrombo-
plastin time over 50 seconds, com-
pared with only 4.5% in those with a
time of less than 50 seconds.  The
cause of this disparity remains un-
known; however, there appears to
be justification for monitoring both
the prothrombin time and the partial
thromboplastin time in the initial 7
to 10 days of warfarin therapy.

Results in Total Knee
Arthroplasty

The use of warfarin as a prophy-
lactic agent in patients undergoing
total knee arthroplasty has not been
extensively evaluated.10 Most of the
information concerning the role of

warfarin as a prophylactic agent in
total knee arthroplasty has been ex-
trapolated from data obtained in
patients undergoing total hip
arthroplasty.  Stulberg et al2 re-
viewed 638 total knee arthroplasties
in 517 patients, 17 of whom received
warfarin for deep vein thrombosis
prophylaxis.  The overall incidence
of thrombus formation was 53%.
Two patients had proximal thrombi.
Recently, data have become avail-
able from five large multicenter,
randomized, controlled studies ex-
amining various prophylactic agents,
in which warfarin was used as a con-
trol.1 The reported incidence of
venographically proved deep vein
thrombosis varied between 38% and
55% for warfarin, with proximal
thrombi occurring in 7% to 12% of
patients.

Aspirin

Pharmacologic agents that alter
platelet function are appealing to the
clinician because of the simplicity of
administration, limited bleeding
complications, and cost-effective-
ness.  In the past, arterial, but not ve-
nous, thrombi were thought to be
due to platelet aggregation.  More
recently, investigators have reported
aggregates of platelets in venous
thrombi, suggesting a basis for as-
pirin as a prophylactic agent.

Mechanism of Action
Aspirin irreversibly binds and in-

activates cyclooxygenase in circulat-
ing platelets as well as those forming
in megakaryocytes.  Through inhibi-
tion of cyclooxygenase, aspirin in-
hibits production of thromboxane, a
prostaglandin necessary for platelet
aggregation.  Cyclooxygenase is also
present in endothelial cells, where it
is involved in the production of
prostacyclin, a platelet-aggregation
inhibitor.  Available data suggest
that platelet cyclooxygenase is very



sensitive to aspirin, whereas vascu-
lar cyclooxygenase is less sensitive.

Results in Total Hip Arthroplasty
Several studies have been under-

taken to examine the efficacy of as-
pirin prophylaxis in total hip
arthroplasty.  Initially, low-dose as-
pirin (1.2 g/d) was found to be as ef-
ficacious as warfarin or dextran in
preventing proximal thrombosis
and pulmonary embolism, although
less effective than either warfarin or
dextran in reducing the overall num-
ber of thrombi formed.  This fact,
combined with the lower incidence
of bleeding complications, led to the
conclusion that aspirin is as effective
as warfarin or dextran. However,
other studies have concluded that
aspirin prophylaxis is ineffective in
patients undergoing total hip arthro-
plasty, citing an incidence of deep
vein thrombosis as high as 80% in
patients who received aspirin in a
dosage of 1.2 g/d.  The combined re-
sults from a number of studies have
indicated that the protective effect of
aspirin is greater in men than in
women.

The observation that inhibition of
prostaglandin synthesis occurs with
a lower dose of aspirin than does
prostacyclin inhibition led to studies
regarding the optimum dosage nec-
essary for effective prophylaxis.  No
significant difference was found in
the protective effects of low-dose
aspirin (1.2 g/d) compared with
high-dose aspirin (3.6 g/d) in the
total patient population or accord-
ing to sex.

While the incidence of deep vein
thrombosis is the yardstick by which
most studies determine efficacy, it
may be preferable to determine the
incidence of pulmonary embolism,
alone or in conjunction with throm-
bosis.  McCardel et al11 conducted a
prospective study to determine the
latter with aspirin prophylaxis (1.3
g/d) in 159 patients who underwent
total hip arthroplasty.  No symptom-

atic deep vein thromboses were ob-
served.  Of the nine asymptomatic
deep vein thromboses found on
ultrasound, five were femoral
thrombi, and four were calf thrombi.
No fatal pulmonary emboli oc-
curred; however, on the basis of the
findings on ventilation-perfusion
scanning, 20 patients (12.6%) were
considered to have a high probabil-
ity of embolism.  Of all patients, 1.9%
had symptomatic pulmonary em-
boli, which compares favorably with
the results with other methods of
prophylaxis.

Results in Total Knee
Arthroplasty

McKenna et al12 conducted a
prospective study examining the in-
cidence of thromboembolic disease
after total knee arthroplasty.  Pa-
tients with rheumatoid arthritis,
who were treated with a relatively
large dose of aspirin (3.5 g/d), were
found to have a lower incidence of
disease than patients with osteo-
arthritis, who took no aspirin or a
lower dose of aspirin.  A follow-up
study concluded that the high inci-
dence of thromboembolic disease af-
ter total knee arthroplasty can be
reduced with high-dose aspirin (1.3
g three times a day), but not with a
low-dose regimen (325 mg three
times a day).  Although this was a
randomized prospective study, it in-
volved only a small number of pa-
tients, most of whom were women.
A higher dose of aspirin may be nec-
essary to achieve adequate anticoag-
ulation in female patients. The role
sex plays in the relative effectiveness
of various doses of aspirin in pre-
venting thromboembolic disease re-
mains to be determined.

Standard Unfractionated
Heparin

Standard unfractionated heparin
can be administered in a fixed low

dose or an adjusted dose. Fixed-
low-dose heparin has been shown to
be less effective than other pharma-
cologic agents available in the pre-
vention of thromboembolic disease
after total hip arthroplasty.  Ad-
justed-dose heparin has been used
with varying degrees of success, but
its administration is as labor-inten-
sive as use of warfarin is.

Mechanism of Action
Standard unfractionated heparin

is a naturally occurring mucopoly-
saccharide with a mean molecular
weight of 12,000 to 15,000 daltons.  It
is usually obtained from either
bovine or porcine intestinal mucosa.
Unfractionated heparin acts by bind-
ing to antithrombin III, a natural in-
hibitor of the coagulation cascade,
thereby forming a complex that in-
hibits a number of clotting factors,
particularly factors IIa and Xa.  The
ratio of anti-Xa activity to anti-IIa ac-
tivity for unfractionated heparin is
1:1. The increased activity of an-
tithrombin III can be monitored by
following the activated partial
thromboplastin time, because of the
significant effects of unfractionated
heparin on antithrombin IIa.

Unfractionated heparin has poor
bioavailability (approximately 30%),
a short half-life (1 hour), and poor
clearance mechanisms, necessitating
subcutaneous administration up to
three times a day.  Frequent moni-
toring of the activated partial throm-
boplastin time is therefore required
to achieve optimal therapeutic ef-
fects while avoiding dangerously el-
evated concentrations.  Because
reversible thrombocytopenia occurs
in about 10% of patients taking the
drug, frequent monitoring of the
platelet count is necessary as well.

Results in Total Hip Arthroplasty
The failure of low-dose heparin to

provide adequate protection from
thromboembolism in total hip
arthroplasty led to the investigation
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of adjusted-dose heparin.  Leyvraz
et al13 determined that larger doses
of heparin are necessary to reduce
the risk of thromboembolism.  The
results obtained with fixed-dose
heparin (3,500 IU every 8 hours)
were inferior to those obtained with
a dosage adjusted to maintain the
partial thromboplastin time between
31.5 and 36 seconds.  Deep vein
thrombosis was diagnosed by
venography in 39% of the patients in
the fixed-dose group, compared
with only 13% in the adjusted-dose
group.  There was no difference be-
tween the two groups in blood re-
quirements or the incidence of
wound hematomas.  Although ad-
justed-dose heparin has been shown
to be effective, its administration
and maintenance require a higher
degree of vigilance and are more
time consuming and labor-intensive.
Alternative methods of anticoagula-
tion can provide a lower rate of
bleeding complications and greater
ease of management.

Low-Molecular-Weight
Heparins

A number of fractionated con-
stituents can be derived from hepa-
rin.  These low-molecular-weight
heparins are formed by individual
depolymerization procedures.  The
molecular weights of these com-
pounds are between 3,000 and 10,000
daltons, compared with 12,000 to
15,000 daltons for unfractionated
heparin.14 The most investigated
and utilized low-molecular-weight
heparins are enoxaparin, ardeparin,
logiparin, fragmin, and fraxiparine.

The pharmacologic properties of
low-molecular-weight heparins are
entirely different from those of un-
fractionated heparin.  The molecular
weight of a heparin constituent is in-
versely proportional to its anti-
Xa–anti-thrombin (factor IIa) ratio.
The constituent with the lowest mol-

ecular weight will have the highest
ratio.  The anti-Xa–anti-IIa ratio for
enoxaparin is 3.6:1; that for unfrac-
tionated heparin is 1:1.  Other low-
molecular-weight heparins have
anti-Xa–anti-IIa ratios of 3:1 to 5:1.
Their highly predictable pharma-
cokinetic properties and high
bioavailability, as well as the lower
associated incidence of thrombocy-
topenia and their ability to target
factor Xa while affecting factor IIa to
a lesser extent, make the low-molec-
ular-weight heparins particularly
appealing as prophylactic agents.

Mechanism of Action
Circulating thrombin (factor IIa)

is needed for local hemostasis at the
site of surgery, and inhibition of fac-
tor Xa is considered crucial in the
prevention of thrombosis.  The inhi-
bition of thrombin requires the for-
mation of a bridge between the
coagulation enzyme (thrombin) and
antithrombin III, which is easily ac-
complished with the larger molecu-
lar size of heparin but not with the
low-molecular-weight heparins.
This bridge is not necessary for the
inactivation of factor Xa.  Low-mo-
lecular-weight heparins are able to
achieve a high anti-Xa activity with a
relative lack of anti-IIa effect.  Pro-
longation of the clotting times (pro-
thrombin time and activated partial
thromboplastin time) is generally
thought to be associated with an in-
creased risk of bleeding.  The lack of
antithrombin activity with low-mo-
lecular-weight heparins produces a
minimal effect on the activated par-
tial thromboplastin time as a mea-
sure of clotting time compared with
unfractionated heparin.

Heparin may also induce its hem-
orrhagic effect by a mechanism in-
dependent of its antithrombin III
effect. This anti–platelet aggregation
effect has been studied ex vivo and
in animal models.  The low-molecu-
lar-weight heparins exhibit signifi-
cantly less effect on platelets than

does unfractionated heparin.  Enox-
aparin has been shown to have one
tenth the anti–platelet aggregation
activity of unfractionated heparin ex
vivo.

The pharmacokinetic properties
of low-molecular-weight heparins
are highly predictable after subcuta-
neous administration.  The bioavail-
ability in terms of anti-Xa activity is
over 90%, which is approximately
three times that of unfractionated
heparin.  The half-life of low-molec-
ular-weight heparins can vary be-
tween 3 and 18 hours, depending on
the specific agent used, compared
with 1 hour for unfractionated hepa-
rin.  The primary route of excretion
appears to be renal.  While unfrac-
tionated heparin has saturable
mechanisms in its routes of excre-
tion, low-molecular-weight hep-
arins appear to have an advantage of
dose-independent elimination.  The
favorable pharmacokinetics of low-
molecular-weight heparins allow
them to be administered subcuta-
neously twice daily with no require-
ment to follow drug levels or
activity.14 Levels of low-molecular-
weight heparin cannot be measured
directly.  Anti-Xa activity can be
monitored in international units
with a clot-based test, but this is
used mostly for research purposes
and has little clinical application.

Another important concern with
the use of heparin is the potential de-
velopment of idiopathic thrombocy-
topenia.  Clinical studies have
shown that the incidence of heparin-
induced thrombocytopenia is one
third less with low-molecular-
weight heparins.14 It is postulated
that the decreased incidence may
be secondary to the lower molecu-
lar weight of these compounds.  It is
still recommended that a complete
blood cell count (including platelets)
and a stool test for occult blood be
obtained periodically in patients re-
ceiving low-molecular-weight hepa-
rin therapy.

58 Journal of the American Academy of Orthopaedic Surgeons

Anticoagulation Therapy



Results in Total Hip Arthroplasty
A significant reduction in the

overall incidence of thrombus for-
mation has been demonstrated with
use of the various low-molecular-
weight heparins when compared
with placebo.  Turpie15 reported a
randomized, double-blind study of
100 patients who underwent elective
total hip arthroplasty.  Venous
thrombosis occurred in 10.8% of pa-
tients who received enoxaparin and
53.3% of those who received placebo
(P = 0.0002).  Proximal vein throm-
bosis occurred in only 4% of the
treated group, compared with 20%
of the placebo group (P = 0.014).  The
incidence of bleeding complications
was reported as 4% for both groups.

Similar reductions in the overall
incidence of thrombosis have been re-
ported from studies of other low-
molecular-weight heparins, such as
fragmin (16%) and logiparin (32%).16,17

These studies found no significant
differences in the incidence of peri-
operative bleeding, postoperative
bleeding, or transfusion require-
ments.  The higher incidence of
thrombosis in the study by Lassen et
al17 may have been due to the de-
creased daily dosage of anti-Xa used.
There does not appear to be an in-
crease in bleeding complications with
the use of higher daily anti-Xa
dosages.  Anti-Xa monitoring was not
performed in these studies, demon-
strating that monitoring is not neces-
sary to maintain safe administration.

Additional studies have proved
enoxaparin, fragmin, logiparin, and
fraxiparine superior to both dextran
and unfractionated heparin.18-20 The
incidence of bleeding complications
was less than or equal to that in pa-
tients treated with dextran or un-
fractionated heparin. Comparisons
between studies are difficult, how-
ever, as they used agents with differ-
ent anti-Xa effects.

The popularity of low-molecular-
weight heparin in Europe eventually
led to clinical trials in the United

States, which established the effec-
tiveness of postoperative admin-
istration and the superiority of
twice-daily dosing.  Subcutaneous
administration of 30 mg of enoxa-
parin twice daily has been shown to
be superior to a thrice-daily dosage of
unfractionated heparin, as well as to
once-daily administration of 40 mg of
enoxaparin, in the overall prevention
of thrombi.18-20 The incidence of prox-
imal vein thrombosis was not signif-
icantly different between the three
treatment groups.  Major and minor
bleeding episodes and total transfu-
sion requirements were comparable
in all three groups.  It had been con-
sidered earlier that dosages lower
than 30 mg twice a day or 40 mg once
a day were not efficacious, but twice-
daily dosing now appears to be the
optimal dosing regimen. Once-daily
dosing subjects the patient to higher
peak anti-Xa levels, which may be as-
sociated with a higher risk of hemor-
rhagic side effects.

Low-molecular-weight heparin
has been shown to be as efficacious
as warfarin or more so in preventing
thromboembolic disease after total
hip arthroplasty. Ardeparin admin-
istered in a twice-daily regimen was
found to be equally effective and
safe compared with warfarin.21 The
transfusion rates and incidence of
bleeding episodes were not signifi-
cantly different between the groups.
However, there is a higher incidence
of bruising around the subcutaneous
injection site with low-molecular-
weight heparin.  The twice-daily
regimen was superior to the once-
daily regimen, and safety appeared
to be equal for all three regimens.  In
addition, low-molecular-weight
heparin did not require the labora-
tory monitoring and dose adjust-
ments that warfarin required.

Results in Total Knee
Arthroplasty

Although most studies have in-
volved patients undergoing total hip

arthroplasty, studies examining the
efficacy of low-molecular-weight
heparin after total knee arthroplasty
are becoming available. Leclerc et
al22 conducted a randomized, dou-
ble-blind evaluation of administra-
tion of 30 mg of enoxaparin every 12
hours or placebo in 131 patients after
major knee surgery (total knee
arthroplasty and tibial osteotomy).
Deep vein thrombosis was detected
by venography in 65% of the placebo
group and 19% of the enoxaparin
group (P<0.0001).  Proximal deep
vein thrombosis was diagnosed in
17% of the patients who received
placebo and in no patients who re-
ceived enoxaparin (P<0.001).  The
rates of bleeding complications were
not significantly different, occurring
in 8% of the placebo group and 6% of
the enoxaparin group.  The authors
concluded that a twice-daily fixed-
dose postoperative regimen of
enoxaparin is effective and safe for
reducing the frequency of deep vein
thrombosis after major knee surgery.

Patients who underwent total knee
arthroplasty in the study by the RD
Heparin Arthroplasty Group21 were
divided into three groups. Group I
consisted of 150 patients who received
ardeparin in a twice-daily dose of 50 U
per kilogram of body weight.  Group
II comprised 149 patients who re-
ceived ardeparin in a once-daily dose
of 90 U/kg.  Group III consisted of 147
patients who received warfarin.  The
incidence of deep vein thrombosis in
group I was 26%, with 6% of cases oc-
curring proximally; in group II, 29%
(5% proximal); in group III, 43% (10%
proximal).  The difference between the
twice-daily ardeparin regimen and
the warfarin regimen was significant
(P = 0.004), as was the difference be-
tween the twice-daily and once-daily
ardeparin regimens (P = 0.04).  The
transfusion rates and rates of bleeding
complications were not significantly
different between groups.  The au-
thors concluded that low-molecular-
weight heparin is significantly more
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efficacious than warfarin in total knee
arthroplasty.  In addition, the low-
molecular-weight heparins do not re-
quire the laboratory monitoring and
dose adjustments that warfarin re-
quires.

Another recent finding associated
with the use of low-molecular-weight
heparins is their ability to actually
treat established deep vein thrombo-
sis.  The venographic scores of patients
with recent deep vein thrombosis in
the lower extremities showed signifi-
cant reductions after 10 days of enoxa-
parin therapy (2 mg/kg per day in
two divided doses).  The implications
of these findings may result in the
eventual acceptance of low-molecu-
lar-weight heparin as a treatment
modality as well.  This would enable
one to continue administration of low-
molecular-weight heparin after
surgery as an effective treatment for
deep vein thrombosis.  Because it is
easy for patients to administer and re-
quires no monitoring, a low-molecu-
lar-weight heparin would be ideal for
use on an outpatient basis.

Length of Prophylaxis

Pulmonary emboli can occur after
discharge, despite early ambulation.
Amstutz et al23 reported that there
were five such cases before 1976.  All
emboli occurred between 24 and 40
days postoperatively.  The same
study demonstrated that the desired
level of anticoagulation was reached
5 days after beginning warfarin ther-
apy.  Although this length of time
may be of some concern, warfarin
has proved efficacious in providing
protection against thromboem-
bolism before the prothrombin time
reaches the so-called therapeutic
range.  With the decreasing length of
hospitalization, an efficacious, sim-
ple, and cost-effective strategy for
home prophylaxis may be indicated.

As previously mentioned, in the
study by Amstutz et al23 there were

no emboli after discharge when war-
farin therapy was continued for 3
weeks postoperatively.  Wilson et al9

conducted a randomized prospec-
tive study to compare the efficacy
and safety of fixed-low-dose war-
farin (2 mg/d) and a standard higher
adjusted dose of warfarin continued
for 1 month postoperatively.  They
found no therapeutic difference be-
tween fixed-low-dose warfarin and
the higher adjusted dose.

Low-molecular-weight heparin
appears promising for outpatient
prophylaxis, but until studies cur-
rently under way are completed, its
efficacy remains unsubstantiated.  A
particular advantage is that thera-
peutic-level monitoring would be
unnecessary after discharge, unlike
the situation with outpatient admin-
istration of warfarin.

As the length of hospital stay is
rapidly decreasing and the period
for prophylaxis in the hospital set-
ting becomes shorter, concerns re-
garding thromboembolic disease
after discharge increase.  At this
time, however, there are insufficient
data to support the widespread rou-
tine use of pharmacologic prophy-
laxis after discharge.  No controlled,
randomized studies have been per-
formed to establish whether there
are benefits to prolonged outpatient
treatment, whether these benefits
outweigh the potential risks, and
whether such a strategy is cost-effec-
tive.  One must balance the risks of
the disease with the risks of treat-
ment.  Clinical trials currently in
progress may provide the informa-
tion physicians need to make ratio-
nal decisions based on objective
scientific evidence.

Current Usage of
Pharmacologic Agents

A survey of practicing orthopaedic
surgeons conducted by Janku et al24

in 1992 indicated that most surgeons

(92%) currently use a pharmacologic
agent as a means of prophylaxis af-
ter total hip arthroplasty, compared
with only 75% in 1986.  Therefore, it
appears that this form of prophy-
laxis is extremely popular.  The
agents typically employed were
warfarin and adjusted-dose and
low-dose unfractionated heparin.
Aspirin was also used occasionally;
low-molecular-weight dextran,
rarely.  The most widely used phar-
macologic agent in total hip arthro-
plasty was low-dose warfarin (over
50% of respondents).

This trend in pharmacologic pro-
phylaxis has changed since a 1986
survey, in which aspirin was report-
edly used as often as warfarin in
“high-risk” hip arthroplasty pa-
tients and was the most predomi-
nant form of prophylaxis in those
considered at “low risk” (used in
over 60%).  Fewer orthopaedic sur-
geons currently use aspirin as their
primary agent for prophylaxis.  Of
the surgeons surveyed, 18% contin-
ued prophylaxis for an average of 4
weeks postoperatively, and 60%
continued prophylaxis for high-risk
patients for an average of 6 weeks.
Long-term prophylaxis was for the
most part provided by administra-
tion of low-dose warfarin on an out-
patient basis.

Warfarin has been proved effec-
tive as a prophylactic agent after to-
tal hip arthroplasty.  The results after
total knee arthroplasty have not
been as adequately demonstrated, as
the rates of deep vein thrombosis
have ranged from 38% to 55% in con-
trolled, randomized trials.1,21 There
is less consensus for aspirin. Some
protective effect against proximal
thrombi may be present in men over
40 years of age without previous
thromboembolic disease.  The pro-
tective effect in women appears less
satisfactory.  The low incidence of
pulmonary embolism in all studies
reviewed, however, lends support to
the efficacy of aspirin as a prophy-
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lactic agent.  Adjusted-dose heparin
is effective in reducing the incidence
of deep vein thrombosis, but it car-
ries a higher incidence of bleeding
complications, is more difficult to
manage, and can be expensive.

Low-molecular-weight heparin
prophylaxis is an acceptable, if not
superior, alternative to heparin and
warfarin prophylaxis.  The agents in
this new class of drugs possess supe-
rior and predictable subcutaneous
bioavailability, which allows a less
frequent dosing schedule and de-
creased laboratory monitoring and
is associated with a lower incidence
of side effects.  Ongoing studies are
investigating the use of low-molecu-
lar-weight heparins to treat estab-
lished deep vein thrombosis.
Considering the current popularity
of pharmacologic prophylaxis after
total hip and knee arthroplasty and
the advantages of low-molecular-
weight heparins over traditional
pharmacologic agents, these agents
have the potential to become the
prophylactic agent of choice against
deep vein thrombosis.

The Prevention of Thromboem-
bolism Task Force of the American
College of Chest Physicians re-
cently found low-molecular-weight
heparin to be the only form of anti-
coagulation therapy effective for
both total hip and total knee arthro-
plasty.1 In patients undergoing total
hip arthroplasty, twice-daily admin-
istration of a low-molecular-weight
heparin, low-dose warfarin, or ad-
justed-dose heparin was superior to
other forms of prophylaxis in pre-
venting thromboembolic disease.
Aspirin, dextran, and mechanical
methods alone were found to be less
effective.  In patients who under-
went total knee arthroplasty, low-
molecular-weight heparin was more
efficacious than warfarin, aspirin, or
heparin.

Summary

Low-molecular-weight heparins ap-
pear to have advantages as anticoag-
ulant agents after total hip and total
knee arthroplasty in terms of effi-

cacy, safety, cost, and ease of admin-
istration and to also have a possible
role in outpatient postoperative
prophylaxis and treatment of estab-
lished deep vein thrombosis. War-
farin therapy is less expensive but
more difficult to manage.  The effec-
tiveness of warfarin as an anticoagu-
lant after total hip arthroplasty
cannot be disputed; however, the
same cannot be said regarding total
knee arthroplasty.1,21

Other management strategies are
possible and may be required in cer-
tain circumstances; however, all vari-
ables should be carefully considered.
A management strategy should be
established for patients undergoing
total joint arthroplasty.  This should
include identification of high-risk
patients, cautious transfusion of
blood products, pharmacologic pro-
phylaxis with an appropriate agent
for total hip or knee arthroplasty,
early mobilization, postoperative
screening of high-risk patients, and
continuing pharmacologic prophy-
laxis for an appropriate period post-
operatively.
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