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Background: The optimal duration of prophylaxis
against venous thromboembolism after total hip or knee
replacement is uncertain.

Objective: To determine the efficacy and safety of ex-
tended out-of-hospital prophylaxis with low-molecular-
weight heparin (ardeparin sodium).

Design: Randomized, double-blind, placebo-controlled
trial.

Setting: 33 community, university, or university-affiliated
hospitals.

Patients: 1195 adults who had elective total hip or knee
replacement and completed 4 to 10 days of postoperative
ardeparin prophylaxis.

Intervention: Daily subcutaneous ardeparin (100 anti-X,
IU/kg of body weight) or placebo from time of hospital
discharge to 6 weeks after surgery.

Measurements: Symptomatic, objectively documented
venous thromboembolism or death, along with major
bleeding, from time of hospital discharge to 12 weeks
after surgery.

Results: Patients who received ardeparin (n = 607) and
those who received placebo (n = 588) did not differ signif-
icantly in the cumulative incidence of venous thromboem-
bolism or death (9 cases [1.5%] compared with 12 cases
[2.0%]; odds ratio, 0.7 [95% Cl, 0.3 to 1.7]; P > 0.2; abso-
lute difference, —0.56 percentage points [Cl, —2.2 to 1.1
percentage points]) or major bleeding (2 cases [0.3%] com-
pared with 3 cases [0.5%]).

Conclusions: Among patients who had total knee or
total hip replacement and received 4 to 10 days of postop-
erative ardeparin prophylaxis, the cumulative incidence of
symptomatic venous thromboembolism or death after
hospital discharge was not significantly reduced by ex-
tended out-of-hospital ardeparin prophylaxis. Extended
ardeparin use could provide a maximum 2.2-percentage
point true reduction in such events. The benefit of ex-
tended ardeparin use is not clinically important for most

patients. Future research should identify high-risk patients
who would benefit most from extended prophylaxis.
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he optimal duration of prophylaxis against ve-

nous thromboembolism after elective total hip
or knee replacement is uncertain. In previous clin-
ical trials, prophylaxis was given until hospital dis-
charge and ranged from 7 to 14 days. However, the
prevalence of asymptomatic deep venous thrombosis
at hospital discharge was still approximately 15%
for patients who had total hip replacement and 30%
for those who had total knee replacement (1). Be-
cause most patients are now discharged by the third
or fourth postoperative day, in-hospital prophylaxis
may be inadequate.

Two clinical trials found that 19% to 26% of
patients who had total hip replacement developed
new asymptomatic deep venous thrombosis 3 to 4
weeks after hospital discharge (2, 3). Four trials
reported that extended out-of-hospital prophylaxis
with low-molecular-weight heparin substantially re-
duced the prevalence of asymptomatic deep venous
thrombosis (2-5). The investigators of these trials
concluded that prophylaxis with low-molecular-
weight heparin should be extended beyond hospital
discharge. However, in a large cohort study of pa-
tients who had total knee or total hip replacement

See editorial comment on pp 914-915.
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and received solely in-hospital low-molecular-weight
heparin prophylaxis, Leclerc and coworkers (6)
found that the 90-day incidence of symptomatic ve-
nous thromboembolism and fatal pulmonary embo-
lism was only 4.1% and 0.15%, respectively. They
concluded that there was little to gain by extending
prophylaxis beyond hospital discharge. However, the
mean duration of prophylaxis in their study was 9
days, substantially longer than the current length of
hospitalization.

Because of continuing uncertainty about the need
for out-of-hospital prophylaxis after total hip or
knee replacement, we performed a randomized clin-
ical trial of extended out-of-hospital prophylaxis
with low-molecular-weight heparin. Symptomatic ve-
nous thromboembolism or death was the primary
outcome measure.

Methods

Study Design

The study consisted of two parts, part A and part
B. In part A, all patients received open-label, in-
hospital prophylaxis twice daily with ardeparin
sodium (Normiflo, Wyeth-Ayerst, Philadelphia, Penn-
sylvania), 50 anti-X, IU/kg of body weight subcuta-
neously. Prophylaxis was started within 24 hours
after surgery. Part B was a randomized clinical trial
involving patients who completed 4 to 10 days of
open-label prophylaxis in part A without developing
symptomatic, objectively documented venous throm-
boembolism.

After giving informed consent, all patients in part
B were randomly assigned to receive double-blind,
out-of-hospital prophylaxis with ardeparin sodium
(100 anti-X, IU/kg [maximum dose, 10 000 anti-X,
IU]) or placebo, administered subcutaneously once
daily until 6 weeks after surgery. Randomization
was done at the end of part A and included strat-
ification by clinical center, type of surgery, and his-
tory of venous thromboembolism. Using block ran-
domization derived from a randomization table, the
study sponsor provided each clinical center with the
part B treatment allocation in consecutively num-
bered sealed envelopes. Patients in part B received
a double-blind package of identical-appearing Tubex
cartridges (Wyeth-Ayerst) containing 0.5 mL of
ardeparin sodium (anti-X, activity, 20 000 IU/mL)
or placebo (sodium chloride solution).

The first assigned dose in part B was adminis-
tered within 12 hours of the last dose in part A.
After appropriate instruction, the patient, a family
member, or a friend administered the part B pro-
phylaxis. Compliance was defined as receiving at
least 50% of the scheduled doses for the first 2
weeks of part B and at least 50% of the assigned
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part B prophylaxis overall. Patients recorded in a
diary all concurrent medications and the date, time,
and location of each daily injection. After part B
was completed, we assessed compliance by diary
review and syringe count. The study was conducted
at 33 clinical centers in the United States. The
institutional review board of each center approved
the protocol.

Study Sample

Patients were eligible for enrollment in both
parts of the study if they were 18 years of age or
older and received elective primary or revision uni-
lateral total hip replacement, primary unilateral or
bilateral total knee replacement, or revision unilat-
eral total knee replacement during the study period
(November 1994 through November 1997). Preg-
nant or lactating women and women of childbearing
age were excluded, as were patients with a clinical
bleeding disorder, uncontrolled hypertension, se-
verely impaired hepatic or renal function, or active
alcohol or drug abuse. Patients who could not com-
ply with home subcutaneous injections or complete
a 10-week postoperative follow-up were also ex-
cluded. Similarly, patients who were receiving war-
farin or thrombolytic therapy, had had major sur-
gery in the previous 7 days, or had had major
orthopedic surgery involving the lower extremities
(including arthroscopy) in the previous 6 weeks
were excluded, as were patients with a history of
substantial internal bleeding, active peptic ulcer,
myocardial infarction, or stroke. In addition, pa-
tients who had had intracranial or intraocular sur-
gery in the previous 8 weeks were excluded.

We excluded patients who were planning to un-
dergo staged bilateral total knee replacement with
an anticipated interval of less than 10 weeks be-
tween surgeries. Other exclusion criteria were hyper-
sensitivity to heparin, pork products, metabisulfite,
methylparaben, or propylparaben; weight greater
than 120 kg; a prolonged activated partial thrombo-
plastin time or prothrombin time at baseline; or a
baseline platelet count less than 100 X 10° cells/L.
We did not exclude patients with a history of venous
thromboembolism. The concurrent use of dextran
sulfate, desmopressin acetate, other low-molecular-
weight heparins, oral anticoagulants, thrombolytic
agents, or external pneumatic compression was pro-
hibited. However, concurrent use of aspirin, nonste-
roidal anti-inflammatory drugs, elastic compression
stockings, and passive range-of-motion devices was
permitted, as was irrigation of intravenous catheters
with unfractionated heparin.

Evaluation of Efficacy and Safety

The primary outcome was the incidence of symp-
tomatic, objectively documented deep venous
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thrombosis or pulmonary embolism or death during
part B of the study, defined as the time interval
from part B enrollment to the last follow-up contact
(at least 12 weeks after surgery). Secondary out-
comes were the incidence of major and minor
bleeding and thrombocytopenia. During part A, all
patients were examined daily for bleeding and for
symptoms or signs of deep venous thrombosis or
pulmonary embolism. Before hospital discharge, pa-
tients were educated about the symptoms of deep
venous thrombosis, pulmonary embolism, and
bleeding and were instructed to notify their physi-
cian promptly of any such symptoms. Patients were
questioned about symptoms at 2 to 3 weeks, at 6
weeks, and at 10 to 12 weeks after surgery. Hemo-
globin and platelet count were measured at 2 to 3
weeks and at 6 weeks. A clinic visit was required at
6 weeks or at 10 to 12 weeks. Routine screening for
deep venous thrombosis was prohibited.

Patients with clinically suspected deep venous
thrombosis had leg compression venous duplex ul-
trasonography or venography, and patients with sus-
pected pulmonary embolism underwent ventilation—
perfusion lung scanning or pulmonary angiography.
Patients with suspected pulmonary embolism who
had a nondiagnostic lung scan underwent pulmo-
nary angiography, bilateral leg duplex ultrasonogra-
phy, or venography. Patients with suspected pulmo-
nary embolism and negative or indeterminate
results on duplex ultrasonography or venography
had pulmonary angiography. If anticoagulation was
withheld, if no additional evidence of venous throm-
boembolism was seen, and if death did not occur
during the subsequent 4 weeks, we categorized the
following patients as negative for venous thrombo-
embolism in part B: 1) those who had suspected

deep venous thrombosis and negative results on du-
plex ultrasonography but did not have venography
or serial duplex ultrasonography and 2) those who
had suspected pulmonary embolism and a nondiag-
nostic ventilation—perfusion lung scan but did not
undergo pulmonary angiography, venography, or se-
rial duplex ultrasonography. Experienced physicians
who were blinded to prophylaxis assignment cen-
trally interpreted all venography, lung scan, and pul-
monary angiography films according to previously
defined criteria (7). After all disagreements were
resolved by consensus, films were scored as positive,
negative, or indeterminate for venous thromboem-
bolism.

We defined major bleeding as 1) overt bleeding
associated with a hemoglobin decrement of at least
20 g/L or transfusion of at least 2 units of blood
products or 2) any intracranial, retroperitoneal, in-
traocular, or mediastinal bleeding that occurred af-
ter at least one dose of the part B study drug or
within 48 hours of the last dose of the part B study
drug. Minor bleeding was defined as overt bleeding
that did not meet the other criteria for major bleed-
ing. We defined clinically significant thrombocytope-
nia as a persistent decrease in the platelet count to
less than 100 X 10° cells/L during treatment or dis-
continuation of prophylaxis with the study drug be-
cause of thrombocytopenia.

By consensus, a central adjudication committee
that was blinded to part B treatment assignment
categorized all patients as having an efficacy out-
come, having no efficacy outcome, or having an
indeterminate outcome. The committee classified all
bleeding episodes in each part of the study as ma-
jor, minor, expected, or unrelated to the study med-
ication. Patients who were believed to have deep

Patients Who Discontinued
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Flow diagram of study design, drug intervention, patient enroliment, patient withdrawal, discontinuation of prophylaxis with the

study drug, and duration of follow-up. THR = total hip replacement; TKR = total knee replacement; SC = subcutaneously.
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Table 1.

Characteristics of Patients in Part B, according to Out-of-Hospital Prophylaxis Assignment

Characteristic

Ardeparin Sodium Group Placebo Group

(n = 607) (n = 588)
Mean age = SD (range), y 65 + 11 (26-89) 66 = 11(23-92)
Women/men, n/n 342/265 313/275

Mean weight = SD (range), y
Mean duration of surgery * SD (range), min
Mean estimated blood loss during surgery = SD (range), mL
Type of total knee replacement, n (%)

Primary unilateral

Simultaneous bilateral

Revision

Combination*
Type of total hip replacement, n (%)

Primary unilateral

Revision

Simultaneous bilateral
Type of anesthesia, n (%)

Regional (spinal or epidural)

General

Other, unknown, or none
Mechanical device, n (%)

Elastic compression stocking

Continuous passive range-of-motion device
Previous venous thromboembolism, n (%)
Compliance with protocol, n (%)
Concurrent aspirin therapy during part B, n (%)

84 + 16 (42-140)
125 = 51 (23-345)
353 * 353 (0-3000)

86 + 16 (38-136)
127 = 57 (25-560)
368 * 393 (0-4000)

(
(
366 (60.3) 357 (60.7)
288 (78.7) 299 (83.8)
8(10.4) 30 (8. 4)
00 035
0.3
241 (39. 7> 231 (39.3)
192 (79. 175 (75.8)
48 (19. > 56 (24.2)
1(0.4) 0(0)
239 (39.4) 227 (38.6)
366 (60.3) 361 (61.4)
2(0.3) 0(0)
517 (85.2) 501 (85.2)
307 Eso.)e) 294 Eso.;»
40 (6.6 36 (6.1
482 (79.4) 475 (80.8)
85 (14.0) 87 (14.8)

* Combination of simultaneous primary and revision total knee replacements.

venous thrombosis or pulmonary embolism and pa-
tients who died were categorized as having efficacy
outcome failure. Patients who completed the 12-
week follow-up without symptoms of deep venous
thrombosis or pulmonary embolism or were not be-
lieved to have either of these conditions were cat-
egorized as having no efficacy outcome. In addition,
the committee categorized all deaths as due to ve-
nous thromboembolism, bleeding, heparin-induced
thrombocytopenia, sudden death for which venous
thromboembolism could not be excluded, or death
due to unrelated causes.

Statistical Analysis

We believed that during part B, the incidence of
symptomatic deep venous thrombosis or pulmonary
embolism or death would be 4% in the placebo
group and 1.5% in the ardeparin sodium group.
Based on a 0.9 power to detect a significant differ-
ence (P =0.05, two-sided), 976 patients were re-
quired for each study group. To compensate for
nonevaluable patients, we planned to enroll 1000
patients per group. Baseline demographic and sur-
gical characteristics, duration of part A prophylaxis,
history of venous thromboembolism, compliance,
and concurrent aspirin therapy during part B were
compared by using #-tests for continuous variables
and chi-square tests or the Fisher exact test for
categorical variables. The primary analysis was
intention-to-treat and involved all patients who were
randomly assigned in part B.

After adjustment for type of surgery and history
of venous thromboembolism, we tested for a signif-
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icant difference in the primary efficacy outcome us-
ing the Cochran-Mantel-Haenszel procedure (8, 9).
Secondary analyses were performed for deep venous
thrombosis alone and for pulmonary embolism with
or without deep venous thrombosis. Primary and
secondary analyses were done for all patients and
for type of surgery. Interactions between treatment
and study center, history of venous thromboembo-
lism, or type of surgery were determined by using
the Breslow-Day test.

Interim Analysis

As prescribed by the protocol, an independent
data safety monitoring board performed an interim
analysis when approximately 50% of the projected
sample size reached an evaluable efficacy outcome.
The board noted that the primary efficacy outcome
rates did not differ by group and were much lower
than previously estimated. The board determined
that a definitive conclusion in favor of extended
out-of-hospital prophylaxis was highly unlikely if the
study was continued to include the planned total
sample size of 2000 patients. Although the major
bleeding rates were low, the board concluded that
any risk for bleeding was unjustified and recom-
mended study closure.

Role of the Funding Source

All statistical analyses were performed at a central
data coordinating center operated by the sponsor
(Wyeth-Ayerst Research, Philadelphia, Pennsylvania).
Data interpretation and manuscript preparation
were done solely by the writing committee. The
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sponsor did not have prior right of approval for final
manuscript publication.

Results

Patient Sample

Of the 1320 patients enrolled in part A (Figure
1), 125 withdrew for the following reasons: adverse
event (n = 29), patient request (n = 37), unsatisfac-
tory efficacy response (n = 7), protocol violation
(n = 7), other medical event (n = 30), or other non-
medical event (n = 15). Of the remaining 1195 pa-
tients, 607 were randomly assigned to receive arde-
parin sodium and 588 were randomly assigned to
receive placebo in part B. The two groups were
similar with regard to demographic and surgical
characteristics, history of venous thromboembolism,
compliance, and concurrent aspirin therapy during
part B (Table 1). Patients withdrawn from part A
(n = 125) and patients enrolled in part B (n =
1195) were also similar, but withdrawn patients had
a slightly longer mean duration of surgery (136 min-
utes compared with 126 minutes; P = 0.04). In part
B, the mean duration (£SD) of part A prophylaxis
was 7.2 = 2.1 days (median, 7 days) for patients
assigned to ardeparin sodium and 7.3 * 2.2 days
(median, 7 days) for those assigned to placebo. The
duration of part A prophylaxis according to part B
treatment assignment is shown in Figure 2. The
safety evaluation sample included 1161 patients who
received at least one dose of the part B study drug;
in 234 of these 1161 patients, prophylaxis with the
part B study drug was discontinued. The two groups
in part B did not differ significantly with regard to
reasons for discontinuation of prophylaxis with the
study drug (Table 2).

35 -
Ardeparin sodium group
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Ardeparin failure
B Placebo failure

Patients, %
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Table 2. Reasons for Discontinuing Prophylaxis with the

Part B Study Drug

Reason Ardeparin Placebo Group
Sodium Group (n = 588)
(n = 607)
n (%)
Adverse event 33(5.4) 19 (3.2)
Patient did not return 0(0) 1(0.2)
Patient request 32(5.3) 25(4.3)
Unsatisfactory efficacy response 4(0.7) 7(1.2)
Protocol violation 3(0.5) 4(0.7)
Other medical event 30(4.9) 28 (4.8)
Other nonmedical event 27 (4.5) 21(3.6)
Total 129 (21.3) 105(17.9)

Incidence of Deep Venous Thrombosis, Pulmonary
Embolism, or Death

One hundred forty-five patients in part A
(11.0%) were tested for a clinical suspicion of deep
venous thrombosis, pulmonary embolism, or both.
During part A, 15 patients (1.1%) had objectively
documented venous thromboembolism or died. Of
these 15 patients, 7 (0.5%) had isolated deep ve-
nous thrombosis of the calf, 2 (0.15%) had proximal
deep venous thrombosis, and 4 (0.3%) had nonfatal
pulmonary embolism. Two patients died, 1 of hep-
arin-induced thrombocytopenia and thrombosis
(stroke). The other, who had a history of hyperten-
sion, died suddenly, and pulmonary embolism could
not be excluded as a cause of death.

In part B, 37 patients in the ardeparin sodium
group (6.1%) and 43 patients in the placebo group
(7.3%) were tested for a clinical suspicion of deep
venous thrombosis, pulmonary embolism, or both.
Twenty-one patients (1.8%) had objectively docu-
mented venous thromboembolism or died during

U000 00 000000 0000450407000 0000000007,

Y0007000000000000000%

Z
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Duration of Part A Ardeparin Sodium Prophylaxis, d

Figure 2. Duration of part A ardeparin sodium prophylaxis according to out-of-hospital prophylaxis assignment, overall and among patients

who had efficacy failure.
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Table 3. Cumulative Incidence of Symptomatic, Objectively Documented Deep Venous Thrombosis or Pulmonary
Embolism or Death during Part B, according to Out-of-Hospital Prophylaxis Assignment*

Qutcome Ardeparin Placebo Odds Ratio Absolute Difference
Sodium Group Group (95% Cl) (95% Cl)
n (%) percentage points
Overallt
Deep venous thrombosis, pulmonary embolism, or death 1.5) 12 (2.0 0.7 ( 7 —0.56 (—=2.2t0 1.1)
Deep venous thrombosis 0.7) 8(1.4) 0.5(0.1-1.6)
Pulmonary embolism with or without deep venous thrombosis 0.5) 2(0.3) 1.5
Knee replacementt
Deep venous thrombosis, pulmonary embolism, or death (1.4) 6(1.7) 0.8(0.2-2.7) —-0.31(-2.21t01.8)
Deep venous thrombosis (0.3) 3(0.8) 0.3(0.03-3.1)
Pulmonary embolism with or without deep venous thrombosis (0.8) 2 (0.6) 1.5(0.2-8.8)
Hip replacement§
Deep venous thrombosis, pulmonary embolism, or death 1.7) 6(2.6) 0.6 (0.2-2.3) —0.94 (-4.0t0 2.1)
Deep venous thrombosis 1.2) 5(2.2) 0.6 (0.1-2.4)
Pulmonary embolism with or without deep venous thrombosis 0) 0(0)

* P > 0.2 for all comparisons.

1 607 patients in the ardeparin sodium group and 588 in the placebo group.
+ 366 patients in the ardeparin sodium group and 357 in the placebo group.
§ 241 patients in the ardeparin sodium group and 231 in the placebo group.

part B. The incidence of efficacy failure did not
differ significantly between patients assigned to
ardeparin sodium prophylaxis (n =9 [1.5%]) and
those assigned to placebo (n = 12 [2.0%]; odds ra-
tio, 0.7 [95% CI, 0.3 to 1.7]; P > 0.2) (Table 3). The
absolute difference in the incidence of efficacy fail-
ure during part B was —0.56% (CI, —2.2% to 1.1%)
in favor of extended ardeparin sodium prophylaxis.
The proportion of patients in part B who met our
criteria for protocol compliance did not differ sig-
nificantly between groups (482 of 607 [79.4%] in the
ardeparin sodium group and 475 of 588 [80.8%] in
the placebo group; P > 0.2).

Among part B patients who met our criteria for
protocol compliance, 6 in the ardeparin sodium
group (1.24%) and 6 in the placebo group (1.26%)
had efficacy failure (absolute difference, —0.02 per-
centage point [CI, —1.6 to 1.6 percentage points]).
When type of venous thromboembolism was ana-
lyzed according to type of surgery, the efficacy fail-
ure rate did not differ significantly between the two
groups in part B (Table 3). No significant interac-
tion was seen between treatment and study center,

Table 4. Duration of Part A Ardeparin Sodium
Prophylaxis among Patients Who Had Efficacy
Failure in Part B, according to Out-of-Hospital

Prophylaxis Assignment

Placebo
Group

Duration Ardeparin

Sodium Group

n

Patients with 4 days of part A prophylaxis
Patients with 5 days of part A prophylaxis
Patients with 6 days of part A prophylaxis
Patients with 7 days of part A prophylaxis
Patients with 8 days of part A prophylaxis
Patients with 9 days of part A prophylaxis
Patients with 10 days of part A prophylaxis
Total patients

ON == =NNO
NAMPOOO W=
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history of venous thromboembolism, or type of sur-
gery. Of the 2 deaths among patients assigned to
ardeparin prophylaxis in part B, 1 was caused by
acute myocardial infarction and the other was
caused by chronic obstructive pulmonary disease
with pneumonia. Both deaths among patients as-
signed to placebo were sudden, and pulmonary em-
bolism could not be excluded; 1 of these 2 patients
had a history of myocardial infarction and hyperten-
sion, and the other had a history of hypertension
and cardiac arrhythmia.

In part B, the duration and number of doses
(=SD) of part A prophylaxis among patients who
had efficacy failure was 7.3 £ 2.1 days (13.2 = 4.0
doses) in the ardeparin sodium group and 7.5 = 2.4
days (14.0 = 4.9 doses) in the placebo group. The
duration of part A prophylaxis among patients who
had efficacy failure is shown in Table 4. In the
ardeparin sodium group, the 2 patients who died
received part A prophylaxis for 5 and 6 days and
the 3 patients who developed pulmonary embolism
received part A prophylaxis for 5, 8, and 10 days. In
the placebo group, the 2 patients who died received
part A prophylaxis for 5 and 10 days and the 2
patients who developed pulmonary embolism re-
ceived part A prophylaxis for 4 and 10 days.

Two of the 68 patients who had revision total
knee replacement (2.9%) had efficacy failure: 1 in
the ardeparin sodium group (2.5%) and 1 in the
placebo group (3.6%). Three of the 104 patients
who underwent revision total hip replacement
(2.9%) had efficacy failure: 2 (4.2%) in the ardepa-
rin sodium group and 1 (1.8%) in the placebo
group. Of the 2 patients in the ardeparin sodium
group who died, 1 underwent revision total knee
replacement and 1 underwent total hip replacement.
Of the patients who had efficacy failure, 1 in the
ardeparin sodium group and 2 in the placebo group

Volume 132 + Number 11



had a history of venous thromboembolism; all 3 of
these patients underwent primary total knee re-
placement.

Incidence of Bleeding and Thrombocytopenia

During part A, 34 patients (2.6%) developed ma-
jor bleeding and 70 patients (5.3%) developed
minor bleeding. Eight patients (0.6%) developed
clinically significant thrombocytopenia. During part
B, 5 patients (0.4%) developed major bleeding and
42 patients (3.5%) developed minor bleeding. The
two groups in part B did not differ with regard to
the incidence of major and minor bleeding, overall
or according to surgery type (Table 5). Two pa-
tients, both of whom received ardeparin prophylaxis,
developed clinically significant thrombocytopenia
during part B. Although neither was tested for he-
parin-dependent platelet-activating antibodies, the
clinical course of 1 patient was consistent with he-
parin-induced thrombocytopenia and thrombosis.
The other patient remained asymptomatic, and
thrombocytopenia persisted despite discontinuation
of prophylaxis with vardeparin sodium.

Discussion

We used acute symptomatic, objectively docu-
mented venous thromboembolism or all-cause death
(clinically important end points) rather than venog-
raphy (a surrogate end point) to determine the ef-
fect of extended ardeparin prophylaxis. We found
no significant difference in the overall incidence of
symptomatic deep venous thrombosis, pulmonary
embolism, or death when prophylaxis with ardeparin
was not continued after hospital discharge. How-
ever, we cannot exclude the possibility that a small
difference (as much as 2.2 percentage points) exists
in favor of continued outpatient ardeparin prophy-

laxis. In addition, because only a small percentage
of patients (4% to 6%) develop the venous stasis
syndrome after major hip or knee surgery (10, 11)
and because the risk for this syndrome is no greater
for patients with asymptomatic calf or proximal
deep venous thrombosis than for those without (10),
extended out-of-hospital ardeparin prophylaxis is
unlikely to reduce its subsequent incidence.

We believe that our findings are valid. The ran-
domization was successful, as seen by the between-
group similarity in demographic and surgical char-
acteristics, duration of part A prophylaxis, history of
venous thromboembolism, and compliance. In addi-
tion, our findings are consistent with those of two
recent large cohort studies (6, 12). Robinson and
colleagues (12) found that the 90-day out-of-hospi-
tal incidence of venous thromboembolism was 1%
among 506 patients who had total hip or knee replace-
ment and received postoperative warfarin prophylaxis
for 10 days. Similarly, Leclerc and coworkers (6)
found that the 90-day out-of-hospital incidence of
venous thromboembolism was 1.7% among 1984 pa-
tients who had total hip or knee replacement and
received enoxaparin sodium prophylaxis for 9 days.

It is unlikely that our results were due to an
excess number of events during part A. Only 1% of
patients (13 of 1320) developed symptomatic venous
thromboembolism during part A, and none of the
four cases of pulmonary embolism were fatal. These
results are similar to those of Leclerc and coworkers
(6), who found a 1.5% incidence of symptomatic
venous thromboembolism and a 0.1% incidence of
death during in-hospital prophylaxis after knee or
hip replacement.

On the basis of previous studies, we estimate that
7% of patients who underwent total hip replace-
ment and 25% of those who underwent total knee
replacement in our study had asymptomatic deep
venous thrombosis at hospital discharge (13, 14).

Table 5. Cumulative Incidence of Bleeding during Part B, according to Out-of-Hospital Prophylaxis Assignment*

Qutcome Ardeparin Placebo Odds Ratio Absolute Difference
Sodium Group Group (95% CI) (95% CI)
n (%) percentage points

Overallt

Major bleeding 2(0.3) 3(0.5) 0.6 (0.1-3.9)

Minor bleeding 26 (4.4) 6(2.8) 1.6 (0.9-3.0)

Total bleeding 28 (4.8) .3) 1.5(0.8-2.6) 1.4(—1.0to0 3.9)
Knee replacement#

Major bleeding 2(0.6) 2(0.6) 1.0(0.1-7.1)

Minor bleeding 16 (4.6) 13(3.8) 1.2 (0.6-2.6)

Total bleeding 8(5.1) 5(4.3) 1.2 (0.6-2.4) 0.8(-2.6t04.3)
Hip replacement§

Major bleeding 0 (0) 1(0.4) 0.3(0.01-7.7)

Minor bleeding 10 (4.2) 3(1.3) 3.2(0.9-12.0)

Total bleeding 10 (4.2) 4(1.8) 2.4(0.8-8.0) 24(-1.1105.9)

* P = 0.2 for all comparisons.

1 589 patients in the ardeparin sodium group and 572 in the placebo group.
+ 350 patients in the ardeparin sodium group and 346 in the placebo group.
§ 239 patients in the ardeparin sodium group and 226 in the placebo group.
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The low rate of symptomatic venous thromboembo-
lism in the part B placebo group is consistent with
the hypothesis that most cases of asymptomatic
deep venous thrombosis that occur despite in-hos-
pital low-molecular-weight heparin prophylaxis are
not clinically important (6, 12). Our findings call
into question the need for extended out-of-hospital
prophylaxis in all patients undergoing elective hip
replacement or major knee surgery. To prevent one
of our composite outcome events, we estimate that
179 patients (although possibly as few as 45) must
receive extended out-of-hospital ardeparin prophy-
laxis.

Of the more convenient antithrombotic agents
that could be used for extended prophylaxis, warfa-
rin sodium is less expensive than low-molecular-
weight heparin and can be taken orally. However,
any cost savings and convenience are offset by the
need for laboratory monitoring and dose adjust-
ment. Aspirin is even less expensive, does not re-
quire monitoring, and is safe. However, its efficacy
after major orthopedic surgery is uncertain. Studies
using mandatory venography at hospital discharge
have shown no relative risk reduction in incidence
of deep venous thrombosis with aspirin prophylaxis
(1). In contrast, a recent large randomized study of
patients with hip fracture reported a modest relative
risk reduction in clinical venous thromboembolism
in patients assigned to aspirin (15). It is possible,
therefore, that aspirin therapy could provide some
protection to high-risk patients if begun at hospital
discharge.

We emphasize that primary prophylaxis is indi-
cated for all patients receiving total hip or knee
replacement. Four to 10 days of postoperative in-
hospital ardeparin sodium prophylaxis seems ade-
quate for most patients. However, this length may
be inadequate for less effective prophylaxis regimens
or for patients that were not fully represented in
our study. Future studies should examine patient
characteristics (for example, history of venous
thromboembolism, obesity, and persistent immobili-
zation), type of surgery (for example, revision ar-
throplasty), and familial or acquired thrombophilia
(16) as potential predictors of postoperative venous
thromboembolism after total hip or knee replace-
ment. Such predictors may enable physicians to
identify patients who are at high and low risk for
symptomatic postoperative venous thromboembo-
lism and thereby target extended prophylaxis to
those who would benefit the most.

Appendix

The following investigators and institutions partici-
pated in this study: James Benjamin, MD, University of
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Arizona, Tucson, Arizona; Scott Berkowitz, MD, Duke
Medical Center, Durham, North Carolina; John Blebea,
MD, Penn State Hershey Medical Center, Hershey, Penn-
sylvania; C. Gregory Elliott, MD, LDS Hospital and Uni-
versity of Utah, and Michael H. Bourne, MD, Salt Lake
City, Utah; Brice Brackin, MD, and Raymond Browne,
MD, Birmingham, Alabama; Victor Cabanas, MD, Fran-
ciscan Hospital, and Dean Kereiakes, MD, Cincinnati,
Ohio; Ron Clark, MD, North Valley Surgery Associates,
American Fork, Utah; Clifford W. Colwell Jr., MD,
Scripps Clinic & Research Foundation, La Jolla, Califor-
nia; Joseph Davies, MD, Milwaukee Orthopedics Group,
Milwaukee, Wisconsin; Bo Eklof, MD, Straub Founda-
tion, and Elna Masuda, MD, The Queen’s Medical Cen-
ter, Honolulu, Hawaii; Richard J. Friedman, MD, Medi-
cal University of South Carolina, Charleston, South
Carolina; Marlowe Goble, MD, Western Surgery Center,
Logan, Utah; Samuel Goldhaber, MD, Brigham and
Women’s Hospital, Boston, Massachusetts; Ralph Haller,
MD, Pacific Avenue Medical Center, Everett, Washing-
ton; John A. Heit, MD, Mayo Clinic, Rochester, Minne-
sota; Edward Lisecki, MD, Fitzsimmons Army Medical
Center, Aurora, Colorado; Roger Lyons, MD, San Anto-
nio, Texas; Gerhard Maale, MD, Dallas, Texas; Steven
Moss, MD, and Mark D. Torke, MD, Clinical Research
of West Florida, Inc., Clearwater, Florida; Jill Ohar, MD,
St. Louis University, St. Louis, Missouri; Aaron Rosen-
berg, MD, Rush-Presbyterian-St. Luke’s Medical Center,
Chicago, Illinois; Jeffrey Rubin, MD, Northside Medical
Center, Youngstown, Ohio; Michael Sobel, MD, Syracuse
Veterans Hospital, Syracuse, New York; Gregg Taylor,
MD, Orthopedic/Surgery Service, Tripler Army Medical
Center, Honolulu, Hawaii; Arthur Trowbridge, MD, Scott
and White Clinic, Texas A&M University College of
Medicine, Temple, Texas; Thomas Winters, MD, Or-
lando, Florida; Gregory Wise, MD, Kittering Medical
Center, Kittering, Ohio; Duane Wombolt, MD, Clinical
Research Associates of Tidewater, Norfolk, Virginia.

The members of the coordinating center were D. Scott
Holloway, PhD, Nardev S. Khurmi, MD, Lisa Zaoutis,
MD, Joann M. DiLiberto, RN, MS, and Lynne M. Smith,
Wyeth-Ayerst Research, Philadelphia, Pennsylvania.

The members of the data safety monitoring board
were Jack Ansell, MD, Boston University Medical Center,
Boston, Massachusetts; Henry Bussey, PharmD, Univer-
sity of Texas Health Science Center, and Wayne Lee,
MD, Diagnostic Clinics of San Antonio, San Antonio, Texas;
Anthony J. Comerota, MD, Temple University, Philadel-
phia, Pennsylvania; and Michael Gent, DSc, Hamilton Civic
Hospitals Research Centre, Hamilton, Ontario, Canada.

The members of the central adjudication committee
were C. Gregory Elliott, MD, LDS Hospital and Univer-
sity of Utah, Salt Lake City, Utah; John A. Heit, MD,
Mayo Clinic, Rochester, Minnesota; Jill Ohar, MD, St.
Louis University, St. Louis, Missouri; and Arthur Trow-
bridge, MD, Scott and White Clinic, Texas A&M Univer-
sity College of Medicine, Temple, Texas.

From the Mayo Clinic and Foundation, Rochester, Minnesota;
LDS Hospital and the University of Utah School of Medicine,
Salt Lake City, Utah; Texas A&M University College of Medi-
cine, Temple, Texas; and McMaster University, Hamilton, On-
tario, Canada.
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