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Prolonged Enoxaparin Therapy
to Prevent Venous Thromboembolism 

After Primary Hip or Knee
Replacement
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THOMAS L. WHITSETT, MD, GERHARD J. JOHNSON, MD, GEOFFREY A. GARDINER JR., MD, GLENN C. LANDON, MD,

AND MAURICE JOVÉ, MD, FOR THE ENOXAPARIN CLINICAL TRIAL GROUP

Background: Patients undergoing hip or knee joint replacement are at risk for venous thromboembolic complica-
tions for up to twelve weeks postoperatively. We evaluated the efficacy and safety of a prolonged post-hospital
regimen of enoxaparin, a low-molecular-weight heparin, in this patient population.
Methods: Following elective total hip or knee replacement, 968 patients received subcutaneous enoxaparin (30
mg twice daily) for seven to ten days, and 873 were then randomized to receive three weeks of double-blind out-
patient treatment with either enoxaparin (40 mg once daily) or a placebo. The primary efficacy end point was the
prevalence of objectively confirmed venous thromboembolism or symptomatic pulmonary embolism during the
double-blind phase of treatment.
Results: Of the 873 randomized patients, 435 underwent elective total hip replacement and 438 underwent elec-
tive total knee replacement. Enoxaparin was superior to the placebo in reducing the prevalence of venous throm-
boembolism in patients treated with hip replacement: 8.0% (eighteen) of the 224 patients treated with
enoxaparin had venous thromboembolism compared with 23.2% (forty-nine) of the 211 patients treated with the
placebo (p < 0.001; odds ratio, 3.62; 95% confidence interval, 2.00 to 6.55; relative risk reduction, 65.5%).
Enoxaparin had no significant benefit in the patients treated with knee replacement: thirty-eight (17.5%) of the
217 patients treated with enoxaparin had venous thromboembolism compared with forty-six (20.8%) of the 221
patients treated with the placebo (p = 0.380; odds ratio, 1.24; 95% confidence interval, 0.76 to 2.02; relative
risk reduction, 15.9%). Symptomatic pulmonary embolism developed in three patients, one with a hip replace-
ment and two with a knee replacement; all had received the placebo. There was no significant difference in the
prevalence of hemorrhagic episodes or other types of toxicity between the enoxaparin and placebo-treated
groups.
Conclusions: Prolonging enoxaparin thromboprophylaxis following hip replacement for a total of four weeks pro-
vided therapeutic benefit, by reducing the prevalence of venous thromboembolism, without compromising safety.
A similar benefit was not observed in patients treated with knee replacement.

enous thromboembolic complications occur in 40% to
70% of patients who undergo hip or knee replacement
without postoperative thromboprophylaxis1,2. The low-

molecular-weight heparin enoxaparin has proved to be supe-
rior to a placebo and to be as effective as, or more effective than,
other prophylactic anticoagulants (for example, unfractionated
heparin, dextran, and warfarin) for reducing the prevalence of
these complications3-12. Patients may be at risk for pulmonary
embolism for at least one month postoperatively13-15 and at risk
for deep-vein thrombosis for at least six weeks postoperatively16.

In response to this observation, recent consensus conference
statements have suggested that thromboprophylactic therapy
should be extended beyond the first seven to ten postoperative
days and continued until the risk of thrombosis returns to a low
or normal level16-18. Two studies demonstrated that the extension
of treatment for up to five weeks after total hip replacement
reduced the prevalence of deep-vein thrombosis as observed
venographically at the time that the extended treatment was
discontinued19,20. Patients who have undergone total knee ar-
throplasty might be expected to have a similar long-term risk for
development of venous thromboembolic complications and to
likewise benefit from extension of thromboprophylaxis.

In the current study, we evaluated the efficacy and safety
of a prolonged post-hospital regimen of subcutaneous enox-

V

A commentary is available with the electronic versions of this arti-
cle, on our web site (www.jbjs.org) and on our CD-ROM (call 781-
449-9780, ext. 140, to order).
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aparin (40 mg once daily) compared with a placebo in patients
who underwent elective primary total hip or knee replace-
ment. All patients were treated initially with enoxaparin (30
mg twice daily) prior to randomization to the prolonged post-
hospital treatment.

Materials and Methods
Study Design and
Patient Characteristics
This was a prospective, parallel-group, multicenter study with
an open-label phase of treatment with 30 mg of subcutaneous
enoxaparin twice daily followed by a randomized, double-
blind outpatient phase comparing treatment with 40 mg of
subcutaneous enoxaparin once daily with a placebo. Institu-
tional review boards approved the study protocol before the
study commenced. Fifty-seven investigators enrolled one or
more patients in the study between December 1994 and Feb-
ruary 1996. Patients undergoing elective primary total hip or
knee replacement who gave written informed consent were el-
igible for enrollment in the open-label phase.

Enoxaparin treatment was initiated twelve to twenty-four
hours postoperatively and was continued for seven to ten days.
Patients who received adequate medication during the open-
label phase of the study (the prescribed enoxaparin dose for at
least seven days), did not require a reoperation or have venous
thrombosis or major hemorrhage during hospitalization, and
did not receive excluded concomitant medications were eligi-
ble for inclusion in the outpatient double-blind phase of the
study. During the open-label period, use of nonsteroidal anti-
inflammatory agents, antiplatelet agents, and corticosteroids was
permitted whereas use of oral anticoagulants was prohibited.

Qualified health-care personnel administered all open-
label inpatient or outpatient treatments. Patients were then
randomized to receive double-blind therapy with either sub-
cutaneous enoxaparin (40 mg once daily) or matching injec-
tions of saline solution for three weeks (eighteen to twenty-one
days). The computer-generated randomization scheme was
stratified by surgical procedure. The double-blind therapy was
self-administered by the patients, with the administration of
the first dose witnessed by health-care personnel.

Patients undergoing multiple joint replacement or in
whom hemostasis was not achieved within twelve to twenty-
four hours after the surgery were excluded from the open-
label phase of the study. Patients treated with hip replacement
who had undergone surgery on the ipsilateral hip within the
preceding six months or on the ipsilateral knee, the contra-
lateral knee, or the contralateral hip within the preceding
three months were excluded. Patients treated with knee re-
placement who had undergone surgery on the ipsilateral knee
within the preceding six months or on the ipsilateral hip, the
contralateral hip, or the contralateral knee within the pre-
ceding three months were also excluded. Other exclusion cri-
teria were clinical evidence of chronic or acute deep-vein
thrombosis; a history of venous thromboembolic disease
within twelve months before the surgery; generalized hemor-
rhagic diathesis or hypercoagulable syndrome; a documented
allergy to unfractionated heparin or a history of heparin-
associated thrombocytopenia; a skin rash or necrosis; allergy
to fish or swine products, iodine, or radiopaque contrast me-
dium; current drug or alcohol abuse; surgery on the eye, spi-
nal cord, or central nervous system; documented stroke or
myocardial infarction within one month before entry into the

TABLE I Summary of Patient Accountability

Population

Placebo* Enoxaparin*

Hip Knee
Combined

(Hip and Knee) Hip Knee
Combined

(Hip and Knee)

Randomized 211 221 432 224 217 441

Treated 211 221 432 224 217 441

Evaluable† 138 (65.4%) 144 (65.2%) 282 (65.3%) 152 (67.9%) 155 (71.4%) 307 (69.6%)

Nonevaluable 73 (34.6%) 77 (34.8%) 150 (34.7%) 72 (32.1%) 62 (28.6%) 134 (30.4%)
Inadequate or absent

final end point
63 (86.3%) 71 (92.2%) 134 (89.3%) 69 (95.8%) 56 (90.3%) 125 (93.3%)

Insufficient study therapy 8 (11.0%) 6 (7.8%) 14 (9.3%) 1 (1.4%) 5 (8.1%) 6 (4.5%)
Inappropriate open-label

period
2 (2.7%) 0 (0.0%) 2 (1.3%) 1 (1.4%) 1 (1.6%) 2 (1.5%)

Inappropriate surgical
procedure

0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.4%) 0 (0.0%) 1 (0.7%)

Discontinued‡ 65 (30.8%) 57 (25.8%) 122 (28.2%) 52 (23.2%) 58 (26.7%) 110 (24.9%)
Evaluable 30 30 60 27 33 60
Nonevaluable 35 27 62 25 25 50

*The values are given as the number of patients, with the percentage in parentheses. †Evaluable patients were required to have undergone
bilateral venography (or a lung scan in the case of suspected pulmonary embolism), received at least 75% of the required study treatment,
and undergone a primary total hip or knee replacement. ‡The investigator defined the patient’s status. Patients were independently classi-
fied as evaluable or nonevaluable on the basis of criteria specified in the statistical analysis plan.
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study; active ulcerative disease or angiodysplasia of the gas-
trointestinal tract; active gastrointestinal bleeding within the
last six months; uncontrolled hypertension; use of aspirin-
containing products or nonsteroidal anti-inflammatory agents
daily within the four days preceding hospitalization; receipt
of another investigational drug within the preceding four
weeks; and clinically relevant diseases or treatments that
could interfere with the study medications or their evaluation
(including severe hepatic disease or renal insufficiency). Pa-
tients could enter the trial only once.

Assessment of Deep-Vein Thrombosis
and Pulmonary Embolism
The prevalence of objectively confirmed deep-vein throm-
bosis or symptomatic pulmonary embolism during the
double-blind phase was the primary efficacy end point. Venous
segment-filling defects on lower-extremity ascending contrast
venograms (on at least two venograms for calf thrombi and
on one for proximal thrombi) were required to confirm the
diagnosis of deep-vein thrombosis. A high-probability ventila-
tion-perfusion lung scan or pulmonary vein-filling defects on
a pulmonary angiogram were required to document the diag-
nosis of pulmonary embolism. Throughout and at the end of
the open-label phase (on the seventh to tenth day), patients
were examined for clinical evidence of deep-vein thrombosis
or pulmonary embolism. These assessments were repeated at
the beginning of the double-blind phase (on the eighth to
eleventh day) and during that phase (on the fifteenth to
twentieth day). Patients presenting with clinical evidence of
deep-vein thrombosis during either phase of the study un-
derwent lower-extremity ultrasonography to exclude or con-
firm the diagnosis of acute deep-vein thrombosis. During the
double-blind phase, confirmation of the diagnosis of deep-vein
thrombosis by venography was required. A ventilation-perfu-
sion lung scan or pulmonary angiography was performed on
patients with clinical evidence of pulmonary embolism. At
the end of double-blind treatment (on the twenty-seventh,
twenty-eighth, or twenty-ninth day), the protocol required
bilateral venography and ultrasonography to be performed
on all patients. A central independent expert panel com-
posed of at least three vascular radiologists blinded to the
treatment assignment and outcome interpreted all veno-
grams, ventilation-perfusion lung scans, and pulmonary an-
giograms made during the double-blind phase. The final
diagnosis was assigned by a consensus method. The expert
panel did not assess ultrasonograms. During a follow-up
evaluation (on the ninetieth day, plus or minus one week),
patients were assessed to determine whether there had been a
recent hospitalization and whether venous thromboembolic
disease had developed.

Safety Assessment
The patients were assessed for hemorrhage daily during the
hospitalization and at outpatient visits. Hemorrhage was de-
fined as major if it was clinically overt and resulted in death,
transfusion of two or more units of blood products, a decrease
in the hemoglobin level of ≥2.0 g/dL (≥20 g/L) compared with

the most recent preceding postoperative value, or a serious or
life-threatening clinical event or one requiring surgical inter-
vention or if it was retroperitoneal, intracranial, or intraocular
in location. The hemorrhage was classified as minor if it was
overt, did not meet the criteria for major hemorrhage, and
was associated with at least one of the following features:
epistaxis lasting more than five minutes or requiring interven-
tion, ecchymosis or hematoma larger than 5 cm at its greatest
dimension, hematuria not associated with urinary catheter-
related trauma, gastrointestinal hemorrhage not related to
intubation or placement of a nasogastric tube, wound he-
matoma or complications, or subconjunctival hemorrhage
necessitating cessation of medication.

Standard biochemistry and hematology tests were per-
formed during and at the end of each of the study phases. De-
tails of all adverse events, together with the investigator’s
assessment of their relationship to the study medication, were
recorded.

Statistical Analysis
The estimation of the total sample size in each of the surgical
strata was based on a prevalence of venous thromboembolic
disease of 30% in placebo-treated patients and 15% in
enoxaparin-treated patients, a type-I error rate of 5%, and a
power of 80%. The sample size necessary for each surgical
stratum and treatment group was 268 patients. If it was as-
sumed that 35% of the randomized patients would not be
evaluable, then 824 patients had to be randomized to ensure
536 evaluable patients. The primary efficacy analysis was per-
formed on all randomized patients who received at least one
dose of study medication (the all-treated-patients popula-
tion). All patients, including those who did not have venogra-
phy performed at the end of the study, were included in this
analysis. Such patients were assigned an efficacy outcome on
the basis of the results of ultrasonography, if it had been per-
formed, or on the basis of the occurrence of clinically symp-
tomatic venous thromboembolism that was documented by
means other than venography or ultrasonography. An analysis
of patients who completed the study according to the protocol
(evaluable patients) was likewise performed. Evaluable pa-
tients were defined as patients treated with primary total hip
or knee replacement who had received at least 75% of the pre-
scribed enoxaparin or placebo and had undergone bilateral
venography, had undergone unilateral venography that was
positive for deep-vein thrombosis, or had a confirmed diagno-
sis of deep-vein thrombosis or pulmonary embolism during
treatment. The prevalences of venous thromboembolism and
proximal deep-vein thrombosis in the two treatment groups
(both within the hip and knee replacement groups and within
a combined surgical group) were compared with use of the
chi-squared test. Odds ratios, 95% confidence intervals, and
relative risk reductions were calculated. The prevalences of
hemorrhagic episodes and adverse events in the groups were
compared within each surgical stratum with use of the Fisher
exact test and in the combined group with use of the chi-
squared test. All comparisons were two-tailed at the 5% signif-
icance level.
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Results
Patient Characteristics
In total, 968 patients were enrolled in the open-label phase of
the study. Ninety-five patients were not randomly assigned to
a study treatment: thirty-nine (41.1%), because of an adverse
event; twenty-four (25.3%), because they withdrew consent;
twenty-one (22.1%), because of a violation of the protocol;
three (3.2%), because of an abnormal laboratory test; two
(2.1%), because of an inability to administer the study medi-
cation; and six (6.3%), because of other reasons. The remain-
ing 873 patients were randomly assigned and received at least
one dose of a double-blind treatment (432 received the pla-
cebo and 441, enoxaparin); they were included in the all-
treated-patients population (Table I). Of these 873 patients,
589 (67.5%) (282 who received the placebo and 307 who
received the enoxaparin) were in the evaluable population.
Two hundred and eighty-four patients (150 who received the

placebo and 134 who received the enoxaparin) were not eval-
uable: 259 (134 who received the placebo and 125 who re-
ceived the enoxaparin) either did not have the required final
examination (venography, ultrasonography, or ventilation-
perfusion lung-scanning) or had an assessment that was inad-
equate; twenty (fourteen who received the placebo and six
who received the enoxaparin) had received the therapy for an
insufficient duration; four (two who received the placebo and
two who received the enoxaparin) had an inappropriate open-
label period; and one who received the enoxaparin had an in-
appropriate surgical procedure (Table I).

In all, 122 placebo-treated patients and 110 enoxaparin-
treated patients were considered by the investigators to have
not completed the study and were classified accordingly as
having discontinued the study. The reasons for discontinuing
included deviation from the protocol (ninety-six placebo and
eighty-seven enoxaparin-treated patients), a clinical adverse

TABLE II Demographic, Clinical, and Surgical Characteristics of the All-Treated-Patients Population

Characteristic

Placebo Enoxaparin

Hip
(N = 211)

Knee
(N = 221)

Combined
(Hip and Knee)

(N = 432)
Hip

(N = 224)
Knee

(N = 217)

Combined
(Hip and Knee)

(N = 441)

Gender (M/F)* 106/105 98/123 204/228 111/113 89/128 200/241

Age† (yr) 63.4
(26.0-88.0)

66.3
(34.0-88.0)

64.9
(26.0-88.0)

64.4
(28.0-90.0)

66.2
(39.0-87.0)

65.3
(28.0-90.0)

Weight† (kg) 82.7
(40.8-139.3)

89.2
(45.5-147.4)

86.0
(40.8-147.4)

81.4
(40.4-149.7)

88.7
(52.2-147.4)

85.0
(40.4-149.7)

Body-mass index†‡
(kg/m2)

28.5
(16.6-45.0)

31.1
(17.2-55.7)

29.9
(16.6-55.7)

28.4
(16.1-53.7)

31.4
(19.8-51.8)

29.9
(16.1-53.7)

Obesity*§ 118 (55.9%) 163 (73.8%) 281 (65.0%) 115 (51.3%) 163 (75.1%) 278 (63.0%)

Surgical diagnosis*

Osteoarthritis 162 (76.8%) 197 (89.1%) 359 (83.1%) 177 (79.0%) 199 (91.7%) 376 (85.3%)

Avascular necrosis 27 (12.8%) 1 (0.5%) 28 (6.5%) 27 (12.1%) 0 (0.0%) 27 (6.1%)

Rheumatoid arthritis 6 (2.8%) 12 (5.4%) 18 (4.2%) 9 (4.0%) 8 (3.7%) 17 (3.9%)

Traumatic arthritis 9 (4.3%) 9 (4.1%) 18 (4.2%) 2 (0.9%) 7 (3.2%) 9 (2.0%)

Other 7 (3.3%) 2 (0.9%) 9 (2.1%) 9 (4.0%) 3 (1.4%) 12 (2.7%)

Surgical procedure*

Unilateral primary
replacement

165 (78.2%) 168 (76.0%) 333 (77.1%) 176 (78.6%) 157 (72.4%) 333 (75.5%)

Revision 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.4%) 0 (0.0%) 1 (0.2%)

Previous joint
replacement

46 (21.8%) 53 (24.0%) 99 (22.9%) 47 (21.0%) 60 (27.6%) 107 (24.3%)

Anesthetic technique*

At least regional
(epidural or spinal)

64 (30.3%) 71 (32.1%) 135 (31.3%) 56 (25.0%) 70 (32.3%) 126 (28.6%)

Only inhalation or
intravenous

147 (69.7%) 150 (67.9%) 297 (68.8%) 168 (75.0%) 147 (67.7%) 315 (71.4%)

*The values are given as the number of patients, with the percentage in parentheses. †The values are given as the mean, with the range in
parentheses. ‡Body-mass index = weight (kg)/height (m2). §Obesity = body-mass index of more than 27.2 for males and more than 26.9 for
females.





 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG VOLUME 83-A ·  NUMBER 3 ·  MARCH 2001

event (nine placebo and nine enoxaparin-treated patients),
withdrawal of consent (ten placebo and six enoxaparin-
treated patients), inability or unwillingness to self-administer
the study medication (four placebo and two enoxaparin-
treated patients), abnormal results on laboratory testing (zero
placebo and two enoxaparin-treated patients), and other rea-
sons (three placebo and four enoxaparin-treated patients).
The most common protocol deviation was an incorrect dos-
age of the study medication—that is, a too long or too short
duration of treatment or missed doses. Of the patients who
discontinued the study, sixty in each treatment group were
still considered to be evaluable (Table I) and were included in
the evaluable-patients analysis. All patients who discontinued
were included in the all-treated-patients analysis.

The treatment groups were similar with respect to de-
mographic characteristics, including gender and age, and in
terms of physical characteristics, including weight, body-mass
index, and obesity (Table II). Similarly, there were no major
differences between the treatment groups with regard to sur-
gical diagnosis, surgical procedure, or type of anesthesia.
The treatment groups were also similar with respect to medi-
cal history and use of concomitant medications, although

estrogen-containing medications were used by slightly more
patients in the enoxaparin group (20.2%) than in the placebo
group (12.3%). The primary surgical diagnosis for the major-
ity of the patients was osteoarthritis resulting in unilateral
total joint replacement (Table II). Of the 873 patients, 616
(70.6%) reportedly used graduated compression stockings.
A tourniquet reportedly had been used for 432 (98.6%) of
the 438 patients treated with knee replacement, and con-
tinuous passive motion reportedly had been used for 354
(80.8%). The mean time from the surgery to the administra-
tion of the first postoperative dose of enoxaparin was 19.3
hours (range, −1.3 to 42.0 hours). The mean duration of
enoxaparin treatment was 8.1 days (range, five to twelve days)
during the open-label phase and 19.0 days (range, one to
twenty-eight days) during the double-blind phase. These vari-
ables were comparable across the treatment groups and surgi-
cal procedures.

Prevention of Venous Thromboembolic Disease
In the combined surgical group (total hip and knee replace-
ment), the overall prevalence of venous thromboembolism af-
ter one month of treatment in the enoxaparin-treated patients

TABLE III Prevalence of Venous Thromboembolic Disease in the All-Treated-Patients and Evaluable Populations

Outcome

Placebo* Enoxaparin*

Hip Knee Hip Knee

All treated patients 211 221 224 217
Venous thromboembolic disease 49 (23.2%)† 46 (20.8%)‡ 18 (8.0%) 38 (17.5%)

Deep-vein thrombosis 49 (23.2%) 46 (20.8%) 18 (8.0%) 38 (17.5%)
Proximal 27 (12.8%)§ 17 (7.7%)# 6 (2.7%) 9 (4.1%)
Distal only 22 (10.4%) 27 (12.2%) 12 (5.4%) 29 (13.4%)
Indeterminate 0 (0.0%) 2 (0.9%) 0 (0.0%) 0 (0.0%)

Pulmonary embolism 1 (0.5%) 2 (0.9%) 0 (0.0%) 0 (0.0%)

Evaluable patients 138 144 152 155
Venous thromboembolic disease 39 (28.3%)** 38 (26.4%)†† 15 (9.9%) 33 (21.3%)

Deep-vein thrombosis 39 (28.3%) 37 (25.7%) 15 (9.9%) 33 (21.3%)
Proximal 20 (14.5%)‡‡ 11 (7.6%)§§ 5 (3.3%) 8 (5.2%)
Distal only 19 (13.8%) 26 (18.1%) 10 (6.6%) 25 (16.1%)

Pulmonary embolism 0 (0.0%) 1 (0.7%) 0 (0.0%) 0 (0.0%)

All treated patients’ subgroups##
Male 25/106 (23.6%) 15/98 (15.3%) 7/111 (6.3%) 21/89 (23.6%)
Female 24/105 (22.9%) 31/123 (25.2%) 11/113 (9.7%) 17/128 (13.3%)
Regional anesthesia 20/64 (31.3%) 16/71 (22.5%) 5/56 (8.9%) 13/70 (18.6%)
General anesthesia 29/147 (19.7%) 30/150 (20.0%) 13/168 (7.7%) 25/147 (17.0%)
Obesity (based on body-mass index) 34/118 (28.8%) 35/163 (21.5%) 10/115 (8.7%) 25/163 (15.3%)

*The values are given as the number of patients, with the percentage in parentheses. †p < 0.001 compared with enoxaparin (chi-squared
test); odds ratio, 3.62; 95% confidence interval, 2.00 to 6.55. ‡p = 0.380 compared with enoxaparin (chi-squared test); odds ratio, 1.24;
95% confidence interval, 0.76 to 2.02. §p < 0.001 compared with enoxaparin (chi-squared test); odds ratio, 5.33; 95% confidence interval,
2.15 to 13.19. #p = 0.116 compared with enoxaparin (chi-squared test); odds ratio, 1.93; 95% confidence interval, 0.84 to 4.42. **p <
0.001 compared with enoxaparin (chi-squared test); odds ratio, 3.83; 95% confidence interval, 1.97 to 7.44. ††p = 0.282 compared with
enoxaparin (chi-squared test); odds ratio, 1.35; 95% confidence interval, 0.78 to 2.32. ‡‡p = 0.001 compared with enoxaparin (chi-squared
test); odds ratio, 4.98; 95% confidence interval, 1.82 to 13.67. §§p = 0.380 compared with enoxaparin (chi-squared test); odds ratio, 1.52;
95% confidence interval, 0.59 to 3.89. ##The values are given as the number of patients with venous thromboembolic disease/the number
of patients in the subgroup.
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was significantly lower (p < 0.001) than the prevalence in the
placebo-treated patients (12.7% [fifty-six] of 441 compared
with 22.0% [ninety-five] of 432; odds ratio, 1.96; 95% confi-
dence interval, 1.36 to 2.82; relative risk reduction, 42.3%). In
the hip replacement group, the prevalence of venous throm-
boembolism in the enoxaparin-treated patients was signifi-
cantly lower (p < 0.001) than the prevalence in the placebo-
treated patients (8.0% [eighteen] of 224 compared with 23.2%
[forty-nine] of 211; odds ratio, 3.62; 95% confidence interval,
2.00 to 6.55; relative risk reduction 65.5%) (Table III). In the
knee replacement group, there was no significant difference
(p = 0.380) between the prevalences in the enoxaparin and
placebo-treated patients (17.5% [thirty-eight] of 217 com-
pared with 20.8% [forty-six] of 221; odds ratio, 1.24; 95%
confidence interval, 0.76 to 2.02; relative risk reduction,
15.9%). Analysis of the evaluable population revealed similar
results, with enoxaparin producing a significantly lower prev-
alence of venous thromboembolism than the placebo in the
hip replacement group (9.9% compared with 28.3%; p <
0.001; odds ratio, 3.83; 95% confidence interval, 1.97 to 7.44;
relative risk reduction, 65.0%) but not in the knee replace-
ment group (21.3% compared with 26.4%; p = 0.282; odds ra-
tio, 1.35; 95% confidence interval, 0.78 to 2.32; relative risk
reduction, 21.3%).

Enoxaparin treatment decreased the prevalence of ve-
nous thromboembolism in men in the hip replacement group,
but it did not lead to a meaningful reduction in the prevalence
of venous thromboembolic disease in men in the knee re-
placement group (Table III). Enoxaparin reduced the preva-
lence of venous thromboembolic disease in women in both
the hip and the knee replacement group. Patients with re-
gional anesthesia had no difference in the prevalence of
venous thromboembolism when compared with patients with

general anesthesia. Obese patients were not at increased risk
for the development of venous thromboembolism when com-
pared with nonobese patients.

Enoxaparin was significantly superior (p < 0.001) to the
placebo in reducing the prevalence of proximal deep-vein
thrombosis in the hip replacement group (2.7% compared
with 12.8%; odds ratio, 5.33; 95% confidence interval, 2.15 to
13.19; relative risk reduction, 78.9%) but showed no signifi-
cant benefit (p = 0.116) in the knee replacement group (4.1%
compared with 7.7%; odds ratio, 1.93; 95% confidence inter-
val, 0.84 to 4.42; relative risk reduction, 46.8%). While the
percentage of patients with proximal deep-vein thrombosis
was not influenced by the type of joint replacement in the pla-
cebo group, the prevalence of only distal deep-vein thrombo-
sis in the enoxaparin group was higher in the patients with a
knee replacement (13.4%) than in those with a hip replace-
ment (5.4%). The proximal and/or distal distribution of the
thrombi in the evaluable patients was similar to that in the all-
treated-patients population.

Symptomatic pulmonary embolism occurred in three
placebo-treated patients (one patient with a hip replacement
who also had deep-vein thrombosis and two patients with a
knee replacement) but in no enoxaparin-treated patients.

During the study period, three (1.3%) of the 224 pa-
tients with a hip replacement and seven (3.2%) of the 217 with
a knee replacement in the enoxaparin group were rehospi-
talized for venous thromboembolic disease compared with
twenty-two (10.4%) of the 211 patients with a hip replace-
ment and twelve (5.4%) of the 221 with a knee replacement in
the placebo group (Table IV). In both surgical groups, the
placebo-treated patients were rehospitalized for a larger total
number of days than were the enoxaparin-treated patients. No
statistical analysis of these results was performed.

TABLE IV Treatment and Rehospitalization for Venous Thromboembolic Disease in the All-Treated-Patients Population

Outcome

Placebo Enoxaparin

Hip
(N = 211)

Knee
(N = 221)

Hip
(N = 224)

Knee
(N = 217)

Patients with venous thromboembolic disease* 49 (23.2%) 46 (20.8%) 18 (8.0%) 38 (17.5%)

Patients treated for venous thromboembolic disease* 21 (10.0%) 13 (5.9%) 3 (1.3%) 7 (3.2%)
Deep-vein thrombosis* 20 (95.2%) 12 (92.3%) 3 (100.0%) 7 (100.0%)
Pulmonary embolism* 0 (0.0%) 1 (7.7%) 0 (0.0%) 0 (0.0%)
Deep-vein thrombosis and pulmonary embolism* 1 (4.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Asymptomatic* 14 (66.7%) 10 (76.9%) 3 (100.0%) 5 (71.4%)
Symptomatic* 7 (33.3%) 3 (23.1%) 0 (0.0%) 2 (28.6%)

Treatment
Medication* (e.g., aspirin) 3 (14.3%) 3 (23.1%) 1 (33.3%) 2 (28.6%)
Anticoagulant* (e.g., warfarin, heparin) 16 (76.2%) 9 (69.2%) 2 (66.7%) 6 (85.7%)
Unknown* 2 (9.5%) 1 (7.7%)

Patients rehospitalized* 22 (10.4%) 12 (5.4%) 3 (1.3%) 7 (3.2%)
Total duration (days) 137.0 77.0 16.0 52.0
Mean duration (range) (days) 6.2 (1.0-12.0) 6.4 (2.0-10.0) 5.3 (3.0-7.0) 7.4 (6.0-9.0)

*The values are given as the number of patients, with the percentage in parentheses.
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Of the 151 patients in whom venous thromboembolic
disease developed, 105 (69.5%) had thrombosis in only the
extremity that had been operated on; twenty-six (17.2%), in
only the extremity that had not been operated on; and eigh-
teen (11.9%), in both extremities (bilateral). The location of
the thrombosis in two patients, who had pulmonary embo-
lism, was classified as unknown. Bilateral thrombi were more
common after hip replacement (16.4%) than after knee re-
placement (8.3%), whereas thrombi in only the operatively
treated extremity were more common after knee replacement
than after hip replacement (64.2% compared with 73.8%).

Safety Results
Hemorrhagic Episodes
During the double-blind phase of the study, twenty-one hem-
orrhagic episodes were reported in twenty-one (2.4%) of the
873 patients in the all-treated-patients population: eleven
(2.5%) of the patients in the placebo group and ten (2.3%) in
the enoxaparin group had such an episode (Table V). The
differences between the placebo and enoxaparin-treated pa-
tients in this respect were not significant in either the com-
bined surgical group (p = 0.811), the hip replacement group
(p = 0.272), or the knee replacement group (p = 0.598).
Hemorrhage occurred at a nonoperative site in thirteen pa-
tients (1.5%) and at the operative site in eight (0.9%). Only
one major hemorrhagic episode (intraarticular hemorrhage
in a placebo-treated patient with a knee replacement) was
reported.

Abnormal Laboratory Tests

Abnormal laboratory tests were rare during the double-blind

phase (Table V). Mild, transient thrombocytopenia occurred
in four (0.9%) of the placebo-treated patients and five (1.1%)
of those treated with enoxaparin. Increased alanine ami-
notransferase levels were detected in three patients treated
with enoxaparin but not in any treated with the placebo. No
differences with regard to the occurrence of hyperkalemia
were observed between the two treatment groups.

Adverse Events and Death

During the double-blind phase of the study, twenty-nine (6.7%)
of the placebo-treated patients and thirty-four (7.7%) of the
enoxaparin-treated patients reported at least one adverse
event that was considered to be related to the study medi-
cation (Table V). All of these events were mild or moderate in
severity, and none had a prevalence of more than 2%, with
the exception of ecchymosis in the enoxaparin-treated pa-
tients with a hip replacement (prevalence, 2.7%). Injection-
site hemorrhage and pain and ecchymosis were observed in
approximately 1% of the patients in each treatment group,
with no apparent intergroup difference.

Only one death occurred in the randomized population:
a patient died from a suspected pulmonary embolism after re-
ceiving a single dose of the placebo. No autopsy was per-
formed. Pulmonary embolism was stated to be the cause of
death on the death certificate.

Follow-up Assessment
Follow-up assessment for clinical events occurring between
one month and three months was possible for 819 (93.8%) of
the 873 randomized patients: 406 placebo-treated patients and
413 enoxaparin-treated patients. Only two patients, both in

TABLE V Prevalence of Hemorrhagic Events, Abnormal Laboratory Tests, and Adverse Events in the All-Treated-Patients
Population During the Double-Blind Phase

Outcome

Placebo* Enoxaparin*

Hip
(N = 211)

Knee
(N = 221)

Combined
(Hip and Knee)

(N = 432)
Hip

(N = 224)
Knee

(N = 217)

Combined
(Hip and Knee)

(N = 441)

Hemorrhage 5 (2.4%)† 6 (2.7%)‡ 11 (2.5%)§ 2 (0.9%) 8 (3.7%) 10 (2.3%)
Major hemorrhage 0 (0.0%) 1 (0.5%) 1 (0.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Abnormal laboratory test 
Mild thrombocytopenia# 2 (0.9%) 2 (0.9%) 4 (0.9%) 3 (1.3%) 2 (0.9%) 5 (1.1%)
Alanine aminotransferase

elevation**
0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.4%) 2 (0.9%) 3 (0.7%)

Adverse events††
Injection-site hemorrhage 3 (1.4%) 2 (0.9%) 5 (1.2%) 4 (1.8%) 1 (0.5%) 5 (1.1%)
Injection-site pain 1 (0.5%) 3 (1.4%) 4 (0.9%) 3 (1.3%) 2 (0.9%) 5 (1.1%)

Ecchymosis 2 (0.9%) 1 (0.5%) 3 (0.7%) 6 (2.7%) 1 (0.5%) 7 (1.6%)

*The values are given as the number of patients, with the percentage in parentheses. †p = 0.272 compared with enoxaparin (Fisher exact
test). ‡p = 0.598 compared with enoxaparin (Fisher exact test). §p = 0.811 compared with enoxaparin (chi-squared test). #Mild thrombocy-
topenia, >100 to 125 × 109 platelets per liter; moderate, 50 to 100 × 109 platelets per liter; and severe, ≤ 50 × 109 platelets per liter. **A
level three times the upper limit of normal. ††Adverse events include those related to the study drug that had a frequency of more than 1.0%
in either treatment group. In all, adverse events were reported in twenty-nine (6.7%) of the placebo-treated patients and in thirty-four (7.7%)
of the enoxaparin-treated patients.
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the group treated with enoxaparin and hip replacement (a
prevalence of 0.9% of 224 in that group) were rehospitalized
for treatment of clinically symptomatic deep-vein thrombosis
occurring after the end of the treatment evaluation.

Discussion
n this study, patients who received conventional short-
term enoxaparin therapy (30 mg twice daily) were ap-

proximately twice as likely to have venous thromboembolic
disease after elective hip or knee joint replacement compared
with those for whom the short-term enoxaparin therapy was
followed by a prolonged (three-week) course of enoxaparin
therapy (40 mg once daily). However, different patterns of
response were observed after the two types of surgery. While
the prolonged regimen reduced the likelihood of venous
thromboembolism developing in patients who had under-
gone hip replacement, it provided no significant benefit
following knee replacement. These conclusions are based pri-
marily on the occurrence of asymptomatic deep-vein throm-
bosis detected by venography. No socioeconomic analysis was
performed in this study. No statistical analysis of symptom-
atic venous thromboembolic disease was performed, and the
follow-up duration was not long enough to allow assessment
of chronic venous insufficiency.

The difference observed between the two types of joint
replacement may have been influenced by differences in body
weight or obesity. The patients treated with knee replacement
weighed more, had a higher body-mass index, and were more
often obese compared with those treated with hip replace-
ment. Additional differences in the patterns of response
emerged in the analysis of the subpopulations. The prolonged
enoxaparin treatment regimen was superior to the short-term
regimen in both male and female patients who underwent hip
replacement. However, in the knee replacement group, a bene-
fit was observed only in female patients. Enoxaparin did not
reduce the prevalence of venous thrombosis, compared with
the placebo, in male patients treated with knee replacement. It
is possible that the dose of enoxaparin was insufficient or the
dosing interval was too long for the male patients because of
their greater weight, height, and body-surface area relative to
the female patients. The average weight of the men undergo-
ing knee arthroplasty was 96.8 kg compared with 83.1 kg for
the women. The prolonged regimen demonstrated a protec-
tive effect in obese patients after both surgical procedures, al-
though this effect was more marked in the hip replacement
group than in the knee replacement group. No proven expla-
nations for the differences observed between women and men
after total knee arthroplasty are available. However, pharma-
cokinetic studies21 of volunteers have revealed that body
weight is associated with peak anti-factor-Xa activity, with
peak levels being decreased as body weight increases. In our
study, no tests of significance were performed in any analysis
of patient subgroups as they were not prespecified in the pro-
tocol or in the plan for statistical analysis.

A survey of medical records in the state of California
was performed in order to estimate the frequency of venous
thromboembolism within three months after hip and knee

replacements22. The authors observed a significant difference
between hip and knee replacements with regard to both the
number of clinical venous thromboembolic events and the
median time to diagnosis of the event (seventeen and seven
days, respectively). Seventy-six percent of the patients in
whom a clinical venous thromboembolic event developed fol-
lowing hip arthroplasty were diagnosed after hospital dis-
charge compared with 47% of the patients in whom an event
developed following knee arthroplasty. A study comparing
venographic findings at one and six days after knee replace-
ment in a cohort of fifty-nine patients (seventy-six knees)
showed that 86% of the limbs in which venous thrombosis de-
veloped had it at the early time-period (at one day)22. The ear-
lier appearance of clinical venous thromboembolic events
after knee replacement suggests that there may be a lower
prevalence of late-occurring venous thromboembolism after
this procedure, and this may have affected the overall benefit
of extended-duration enoxaparin thromboprophylaxis in the
present study.

Two studies of low-molecular-weight heparin demon-
strated that both fixed and weight-adjusted once-daily post-
operative dosing regimens may be less efficacious overall
than twice-daily postoperative dosing regimens after either
hip or knee replacement7,24. Studies of twice-daily dosing reg-
imens with enoxaparin and ardeparin demonstrated that fixed-
dose (enoxaparin) and weight-adjusted (ardeparin) regimens
provided effective and safe thromboprophylaxis after knee
replacement when compared with heparin, warfarin, and
placebo controls9,12,24,25. Enoxaparin and other low-molecular-
weight heparins have consistently been shown to be more ef-
fective for thromboprophylaxis following hip replacement
than for thromboprophylaxis following knee replacement3,12,24,26.

The results of the present study support previous evi-
dence of the beneficial effect of extending the duration of
thromboprophylaxis after total hip replacement. In a recent
double-blind study, patients without deep-vein thromboem-
bolism after total hip replacement were randomized (after
thirteen, fourteen, or fifteen days of hospitalization) to receive
twenty-one days of treatment with a placebo or subcutaneous
enoxaparin (40 mg once daily)19. The enoxaparin-treated
patients had a significantly lower prevalence of deep-vein
thrombosis (7.1% compared with 19.3% in the placebo-
treated patients; p = 0.018). In a study with a design similar to
that of the present study 20, patients were treated with enox-
aparin from the evening before the surgery until discharge (at
a mean of ten or eleven days), at which point the patients were
randomly assigned to receive enoxaparin therapy or a placebo
for an additional twenty-one days. Again, the prevalence of
venous thromboembolic disease in the patients treated with
enoxaparin (18%) was significantly lower (p < 0.001) than the
prevalence in the patients treated with the placebo (39%).
These data are supported by those from studies of dalteparin,
another low-molecular-weight heparin, after hip replacement
surgery 27,28.

Clearly, the benefit of outpatient thromboprophylaxis
must be balanced against any potential increase in the risk of
hemorrhagic episodes. However, in this study such episodes

I
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were similarly infrequent in the two treatment groups, and
only one case, in a placebo recipient, was considered major.
Moreover, the prevalences of adverse events and abnormal
clinical laboratory tests associated with the long-term enox-
aparin therapy were comparable with those associated with
the placebo. Thrombocytopenia is a recognized complication
of heparin therapy 29, with a prevalence of about 1.7% in pa-
tients treated with intravenous porcine heparin when the
thrombocytopenia was defined as a platelet count of <100 ×
109/L. During the extended-therapy phase of the present
study, there were no platelet counts of <100 × 109/L, and only
nine patients (four treated with a placebo and five treated with
enoxaparin) had mild thrombocytopenia (a platelet count of
>100 to 125 × 109/L). Increased aminotransferase levels, which
may occur with both conventional and low-molecular-weight
heparins30,31, occurred only rarely with the enoxaparin regimen
used during the double-blind phase of this study.

In summary, these results, which are based primarily on
venographic evidence, indicate that the recommended seven
to ten-day postoperative thromboprophylactic regimen of 30
mg of enoxaparin twice daily for patients treated with total
hip replacement is suboptimal and that a substantial thera-
peutic benefit is gained, without compromising safety, by
prolonging the enoxaparin treatment (at a dose of 40 mg once
daily) for an additional three weeks postoperatively (resulting
in a total of four weeks of enoxaparin treatment). This benefit
was not observed in patients who underwent knee replace-
ment, and additional studies of this patient population are
warranted. �

NOTE: The Writing Committee Members of the Enoxaparin Clinical Trial Group included Philip C.
Comp, MD, PhD, Oklahoma City, Oklahoma; Richard J. Friedman, MD, Charleston, South Caro-
lina; Geoffrey A. Gardiner Jr., MD, Philadelphia, Pennsylvania; Gerhard J. Johnson, MD, Minne-
apolis, Minnesota; Maurice Jové, MD, Decatur, Georgia; Glenn C. Landon, MD, Houston, Texas;
Theodore E. Spiro, MD, Antony, France; and Thomas L. Whitsett, MD, Oklahoma City, Okla-
homa. The Vascular Imaging Committee Members of the Enoxaparin Clinical Trial Group in-
cluded Geoffrey A. Gardiner Jr., MD, Joseph Bonn, MD, Kevin J. Sullivan, MD, David J.
Eschelman, MD, and Marcel Schapiro, MD, Philadelphia, Pennsylvania. Participating Investiga-
tors who enrolled one or more patients in the study included Dennis L. Armstrong, MD, Mesa,
Arizona (four patients); David Attarian, MD, Fort Lauderdale, Florida (four patients); Norman E.
Beisaw, MD, Worcester, Massachusetts (six patients); John D. Blaha, MD, Morgantown, West
Virginia (seven patients); Robert D. Bona, MD, Hartford, Connecticut (three patients); William J.
Bose, MD, Mobile, Alabama (four patients); Michael H. Bourne, MD, Salt Lake City, Utah (fif-
teen patients); Allan L. Bucknell, MD, Houston, Texas (sixteen patients); Frank A. Burke, MD,
Lexington, Kentucky (eighteen patients); Jacques R. Caldwell, MD, Daytona Beach, Florida
(twelve patients); Clifford W. Colwell Jr., MD, La Jolla, California (thirteen patients); Philip C.
Comp, MD, PhD, Oklahoma City, Oklahoma (200 patients); Edward M. Condon, MD, Hyde Park,
New Jersey (one patient); J. Robin de Andrade, MD, Atlanta, Georgia (twelve patients); Donald
G. Eckhoff, MD, Denver, Colorado (six patients); Roger H. Emerson Jr., MD, Plano, Texas (sev-
enteen patients); Robert S. Ennis, MD, Hollywood, Florida (nineteen patients); Joseph M. Er-
pelding, MD, Fort Gordon, Georgia (twenty-two patients); Stuart P. Farber, MD, Hollywood,
Florida (thirteen patients); David N. Feldman, MD, Englewood, New Jersey (three patients);
Harold E. Fleming, MD, Greer, South Carolina (four patients); Richard J. Friedman, MD, Charles-
ton, South Carolina (forty patients); Ronald W. Geckler, MD, Baltimore, Maryland (twenty-three
patients); Michael J. Grecula, MD, Galveston, Texas (seven patients); Stephen F. Hoff, MD,
Portland, Oregon (five patients); Thaddeus W. Hume, MD, Houston, Texas (twenty-one pa-
tients); Gerhard J. Johnson, MD, Minneapolis, Minnesota (twenty-one patients); Maurice Jové,
MD, Decatur, Georgia (thirty-one patients); Richard M. Konsens, MD, Winter Park, Florida (eight
patients); Michael J. Koren, MD, Jacksonville, Florida (thirteen patients); Hau C. Kwaan, MD,
Chicago, Illinois (thirteen patients); Glenn C. Landon, MD, Houston, Texas (forty-five patients);
Edward J. Lisecki, MD, Aurora, Colorado (sixteen patients); Harry Lockstadt, MD, Lexington,
Kentucky (eight patients); Paul Lotke, MD, Philadelphia, Pennsylvania (six patients); Roger M.
Lyons, MD, San Antonio, Texas (twelve patients); Benedict F. Magsamen, MD, Fort Collins, Col-
orado (ten patients); John W. McCutcheon, MD, Winter Park, Florida (twenty-eight patients);
Hugh C. McLeod, MD, Marietta, Georgia (three patients); S. Curtis Mull, MD, Salem, Virginia
(fourteen patients); Neil J. Negrin, MD, Austell, Georgia (eight patients); H. Lynn Norman, MD,

Jacksonville, Florida (four patients); Jill A. Ohar, MD, St. Louis, Missouri (three patients); Rolf
R. Paulson, MD, Grand Forks, North Dakota (eight patients); Val M. Phillips, MD, Lawrenceville,
Georgia (three patients); Merrill Ritter, MD, Mooresville, Indiana (nineteen patients); Rajnikant
S. Shah, MD, Levittown, Pennsylvania (twenty-nine patients); Thomas M. Shery, MD, Culver
City, California (seven patients); Randall S. Suarez, MD, Greer, South Carolina (sixteen pa-
tients); Michael J. Sullivan, MD, San Diego, California (ten patients); Todd V. Swanson, MD, Las
Vegas, Nevada (seven patients); Michael C. Tivnon, MD, Bakersfield, California (thirty-nine pa-
tients); Melvin J. Tonkon, MD, Anaheim, California (eighteen patients); Dean T. Tsukayama, MD,
Minneapolis, Minnesota (five patients); Charles Weiss, MD, Miami Beach, Florida (three pa-
tients); Thomas L. Whitsett, MD, Oklahoma City, Oklahoma (fifty-one patients); and Gregory R.
Wise, MD, Loma Linda, California (fifteen patients). Other Participating Investigators included
Sunil Bohle, MD, Duluth, Georgia; Larry Cordell, MD, Kansas City, Missouri; Ronald Krasnick,
MD, Marlton, New Jersey; and Arthur A. Trowbridge, MD, Temple, Texas. Rhône-Poulenc Rorer
Participants included Todd Koser (Data Management); Sylvain Nicolas and James Stephens
(Biostatistics); Nancy Pultorak (Study Leader); and Theodore E. Spiro, MD (Project Director).
This study was monitored by PPD:::Pharmaco, a clinical research organization. Arthur A. Trow-
bridge, MD, Temple, Texas, provided consultation in the inception of this program and editorial
review of this manuscript.

References

1. Stulberg BN, Insall JN, Williams GW, Ghelman B. Deep-vein thrombosis fol-
lowing total knee replacement. An analysis of six hundred and thirty-eight ar-
throplasties. J Bone Joint Surg Am. 1984;66:194-201.

2. Turpie AGG, Leclerc JR. Prophylaxis of venous thromboembolism. In: Leclerc 
JR, editor. Venous thromboembolic disorders. Philadelphia: Lea and Febiger; 
1991. p 303-45.

3. Turpie AGG, Levine MN, Hirsch J, Carter CJ, Jay RM, Powers PJ, Andrew M, 

Hull RD, Gent M. A randomized controlled trial of a low-molecular-weight hep-
arin (enoxaparin) to prevent deep-vein thrombosis in patients undergoing 
elective hip surgery. New Engl J Med. 1986;315:925-9.

4. Planes A, Vochelle N, Mazas F, Mansat C, Zucman J, Landais A, Pascariello 
JC, Weill D, Butel J. Prevention of postoperative venous thrombosis: a ran-
domized trial comparing unfractionated heparin with low molecular weight 
heparin in patients undergoing total hip replacement. Thromb Haemost. 
1988;60:407-10.

Philip C. Comp, MD, PhD
Department of Medicine, The University Hospitals,
800 N.E. 13th Street, Room EB400, Oklahoma City, OK 73126.
E-mail address: philip-comp@uokhsc.edu

Theodore E. Spiro, MD
Cardiovascular Therapeutic Area, European Operations Site, E2/309, Aven-
tis Pharma, 20 Avenue Raymond Aron, 92160 Antony, France. E-mail 
address: theodore.spiro@aventis.com. Please address correspondence and 
requests for reprints to T.E. Spiro.

Richard J. Friedman, MD
Medical University of South Carolina, 171 Ashley Avenue, Charleston, 
SC 29425

Thomas L. Whitsett, MD
Department of Medicine, University of Oklahoma Health Sciences Center, 
Room 3120, 920 Stanton L. Young Boulevard, Oklahoma City, OK 73104

Gerhard J. Johnson, MD
Veterans Administration Medical Center, One Veterans Drive,
Minneapolis, MN 55417. E-mail address: johns337@maroon.tc.umn.edu

Geoffrey A. Gardiner Jr., MD
Department of Radiology, Thomas Jefferson University Hospital, Suite 
4200, Gibbons Building, 111 South 11th Street, Philadelphia, PA 19107

Glenn C. Landon, MD
Kelsey-Seybold Clinic, St. Luke’s Medical Tower, 6624 Fannin Street, 
Houston, TX 77030

Maurice Jové, MD
Atlanta Knee and Sports Medicine, 2801 North Decatur Road, Suite 200, 
Decatur, GA 30033

One or more of the authors has received or will receive benefits for per-
sonal or professional use from a commercial party related directly or 
indirectly to the subject of this article. Funds were received in total or 
partial support of the research or clinical study presented in this article. 
The funding source was Aventis Pharmaceuticals, Incorporated, Bridge-
water, New Jersey, and Aventis Pharma, S.A., Antony, France, formerly 
Rhône-Poulenc Rorer Pharma, S.A., Collegeville, Pennsylvania, and
Antony, France.





 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG VOLUME 83-A ·  NUMBER 3 ·  MARCH 2001

5. Levine MN, Hirsh J, Gent M, Turpie AG, Leclerc J, Powers PJ, Jay RM, 
Neemeh J. Prevention of deep vein thrombosis after elective hip surgery. A 
randomized trial comparing low molecular weight heparin with standard un-
fractionated heparin. Ann Intern Med. 1991;114:545-51.

6. Danish Enoxaparin Study Group. Low-molecular-weight heparin (enoxaparin) 
vs dextran 70. The prevention of postoperative deep vein thrombosis after to-
tal hip replacement. Arch Intern Med. 1991;151:1621-4.

7. Colwell CW Jr, Spiro TE, Trowbridge AA, Morris BA, Kwaan HC, Blaha JD, 
Comerota AJ, Skoutakis VA. Use of enoxaparin, a low-molecular-weight hep-
arin, and unfractionated heparin for the prevention of deep venous thrombo-
sis after elective hip replacement. A clinical trial comparing efficacy and 
safety. J Bone Joint Surg Am. 1994;76:3-14.

8. Spiro TE, Johnson GJ, Christie MJ, Lyons RM, MacFarlane DE, Blasier RB, 
Tremaine MD. Efficacy and safety of enoxaparin to prevent deep vein throm-
bosis after hip replacement surgery. Enoxaparin Clinical Trial Group. Ann In-
tern Med. 1994;121:81-9.

9. Spiro TE, Fitzgerald RH, Trowbridge AA, Overdyke WL, Gardiner GA, Young 
TR, Ohar JA, Gustillo RB, Whitsett TL for the Enoxaparin Clinical Trial 
Group. Enoxaparin low molecular weight heparin for the prevention of venous 
thromboembolic disease after knee replacement surgery. Blood. 
1994;83:246a.

10. Faunø P, Suomalainen O, Rehnberg V, Hansen TB, Krøner K, Soimakallio S, 
Nielsen E. Prophylaxis for the prevention of venous thromboembolism after 
total knee arthroplasty. A comparison between unfractionated and low-
molecular-weight heparin. J Bone Joint Surg Am. 1994;76:1814-8.

11. Colwell CW Jr, Spiro TE. Efficacy and safety of enoxaparin to prevent deep 
vein thrombosis after hip arthroplasty. Clin Orthop. 1995;319:215-22.

12. Leclerc JR, Geerts WH, Desjardins L, Jobin F, Laroche F, Delorme F, Havier-
nick S, Atkinson S, Bourgouin J. Prevention of deep vein thrombosis after 
major knee surgery—a randomized, double-blind trial comparing a low molec-
ular weight heparin fragment (enoxaparin) to placebo. Thromb Haemost. 
1992;67:417-23.

13. Johnson R, Green JR, Charnley J. Pulmonary embolism and its prophylaxis 
following the Charnley total hip replacement. Clin Orthop. 1977;127:123-32.

14. Bergqvist D, Lindblad B. A 30-year survey of pulmonary embolism verified at 
autopsy: an analysis of 1274 surgical patients. Br J Surg. 1985;72:105-8.

15. Huber O, Bounameaux H, Borst F, Rohner A. Postoperative pulmonary 
embolism after hospital discharge. An underestimated risk. Arch Surg. 
1992;127:310-3.

16. Trowbridge A, Boese CK, Woodruff B, Brindley HH Sr, Lowry WE, Spiro TE. 
Incidence of posthospitalization proximal deep vein thrombosis after total hip 
arthroplasty. A pilot study. Clin Orthop. 1994;299:203-8.

17. Tremaine MD, Choroszy CJ, Menking SA. Deep vein thrombosis in the total hip 
arthroplasty patient after hospital discharge. J Vasc Technol. 1992;16:23-7.

18. Nicolaides AN, Arcelus J, Belcaro G, Bergqvist D, Borris LC, Buller HR, Ca-
prini JA, Christopoulos D, Clarke-Pearson D, Clement D, et al. Prevention of 
venous thromboembolism. European Consensus Statement, 1-5 November 
1991, developed at Oakley Court Hotel, Windsor, UK. Int Angiol. 
1992;11:151-9.

19. Planes A, Vochelle N, Darmon JY, Fagola M, Bellaud M, Huet Y. Risk of 
deep-venous thrombosis after hospital discharge in patients having under-
gone total hip replacement: double-blind randomised comparison of enox-
aparin versus placebo. Lancet. 1996;348:224-8.

20. Bergqvist D, Benoni G, Björgell O, Fredin H, Hedlundh U, Nicolas S, Nilsson 
P, Nylander G. Low-molecular-weight heparin (enoxaparin) as prophylaxis 
against venous thromboembolism after total hip replacement. New Engl J 
Med. 1996;335:696-700.

21. Vitoux JF, Aiach M, Roncato M, Fiessinger JN. Should thrombophylactic dos-
age of low molecular weight heparin be adapted to patient’s weight? Thromb 
Haemost. 1988;59:120.

22. White RH, Romano PS, Zhou H, Rodrigo J, Bargar W. Incidence and time 
course of thromboembolic outcomes following total hip or knee arthroplasty. 
Arch Intern Med. 1998;158:1525-31.

23. Maynard MJ, Sculco TP, Ghelman B. Progression and regression of 
deep vein thrombosis after total knee arthroplasty. Clin Orthop. 
1991;273:125-30.

24. RD Heparin Arthroplasty Group. RD heparin compared with warfarin for pre-
vention of venous thromboembolic disease following total hip or knee arthro-
plasty. J Bone Joint Surg Am. 1994;76:1174-85.

25. Colwell CW Jr, Spiro TE, Trowbridge AA, Stephens JW, Gardiner GA Jr, Ritter 
MA, for the Enoxaparin Clinical Trial Group. Efficacy and safety of enox-
aparin versus unfractionated heparin for prevention of venous thrombosis af-
ter elective knee arthroplasty. Clin Orthop. 1995;321:19-27.

26. Hull R, Raskob G, Pineo G, Rosenbloom D, Evans W, Mallory T, Anquist K, 
Smith F, Hughes G, Green D, Elliott CG, Panju A, Brant R. A comparison of 
subcutaneous low-molecular-weight heparin with warfarin sodium for prophy-
laxis against deep-vein thrombosis after hip or knee implantation. New Engl J 
Med. 1993;329:1370-6.

27. Dahl OE, Andreassen G, Aspelin T, Muller C, Mathiesen P, Nyhus S, Ab-
delnoor M, Solhaug JH, Arnesen H. Prolonged thromboprophylaxis 
following hip replacement surgery—results of a double-blind, prospective, 
randomised, placebo-controlled study with dalteparin. Thromb Haemost. 
1997;77:26-31.

28. Lassen MR, Borris LC, Anderson BS, Jensen HP, Skejø Bro HP, Andersen G, 
Petersen AO, Siem P, Hørlijck E, Jensen BV, Thomsen PB, Hansen BR, Erin-
Madsen J, Møller JC, Rotwitt L, Christensen F, Nielsen JB, Jørgensen PS, 
Paaske B, Tørholm C, Hvidt P, Jensen NK, Nielsen AB, Appelquist E, Hansen 
OG, Mortensen D, Tjalve E. Efficacy and safety of prolonged thromboprophy-
laxis with a low molecular weight heparin (dalteparin) after total hip arthro-
plasty—the Danish Prolonged Prophylaxis (DaPP) Study. Thromb Res. 
1998;89:281-7.

29. Schmitt BP, Adelman B. Heparin-associated thrombocytopenia: a critical re-
view and pooled analysis. Am J Med Sci. 1993;305:208-15.

30. Sonnenblick M, Oren A, Jacobsonn W. Hyper-transaminasemia with heparin 
therapy. Br Med J. 1975;3:77.

31. Dukes GE Jr, Sanders SW, Russo J Jr, Swenson E, Burnakis TG, Saffle JR, 
Warden GD. Transaminase elevations in patients receiving bovine or porcine 
heparin. Ann Intern Med. 1984;100:646-50.


