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Ximelagatran versus Warfarin for the Prevention of Venous
Thromboembolism after Total Knee Arthroplasty

A Randomized, Double-Blind Trial
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Background: Warfarin is used for prophylaxis of venous throm-
boembolism in patients undergoing total knee arthroplasty. How-
ever, it is associated with rates of deep venous thrombosis (DVT)
of approximately 38% to 55% and requires routine coagulation
monitoring and frequent dose adjustment. Ximelagatran, an oral
direct thrombin inhibitor, has shown promising efficacy and tol-
erability in patients undergoing total hip or knee arthroplasty.

Objective: To compare the efficacy and safety of ximelagatran
and warfarin for prophylaxis of venous thromboembolism after
total knee arthroplasty.

Design: Randomized, double-blind, parallel-group trial.
Setting: 74 North American hospitals.

Patients: 680 patients who had undergone total knee arthro-
plasty.

Intervention: 7 to 12 days of treatment with oral ximelagatran,
24 mg twice daily, starting on the morning after surgery, or
warfarin (target international normalized ratio, 2.5 [range, 1.8 to
3.0]), starting on the evening of the day of surgery.

Measurements: Principal end points were asymptomatic DVT

on mandatory venography; symptomatic DVT confirmed by ultra-
sonography or venography; symptomatic, objectively proven pul-
monary embolism; and bleeding. All were assessed by blinded
adjudication locally and at a central study laboratory.

Results: On central adjudication, incidence of venous thrombo-
embolism was 19.2% (53 of 276 patients) in the ximelagatran
group and 25.7% (67 of 261 patients) in the warfarin group
(difference, —6.5 percentage points [95% Cl, —13.5 to 0.6 per-
centage points]; P = 0.070). On local assessment, incidence was
25.4% in the ximelagatran group and 33.5% in the warfarin
group (P = 0.043). In the ximelagatran and warfarin groups, re-
spectively, major bleeding occurred in 1.7% and 0.9% of patients
and minor bleeding occurred in 7.8% and 6.4% of patients. No
variables related to bleeding differed significantly between the
two groups.

Conclusions: For prophylaxis of venous thromboembolism,
fixed-dose ximelagatran started the momning after total knee ar-
throplasty is well tolerated and at least as effective as warfarin,
but it does not require coagulation monitoring or dose adjustment.
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Venous thromboembolism is common after major or-
thopedic surgery. Meta-analysis has indicated that
without prophylaxis, the incidence of deep venous throm-
bosis (DVT) is 50% to 60% (1). Prophylaxis with low-
molecular-weight heparin (LMWH) or warfarin is recom-
mended, but the incidence of venographically confirmed
DVT at the time of hospital discharge remains approxi-
mately 31% with the former and 47% with the latter (1).
In addition, proximal DVT is found in 7% to 12% of
patients who receive prophylaxis with either regimen (1).
Currently, the use of LMWH and warfarin is approxi-
mately evenly divided in North America (2, 3). Warfarin
has a slow onset of action and is inconvenient because it
requires frequent coagulation monitoring and dose adjust-
ment (3, 4). Low-molecular-weight heparin does not re-
quire monitoring but must be administered parenterally,
which can be difficult after hospital discharge.
Ximelagatran is a novel oral direct thrombin inhibitor.
After administration, it is rapidly absorbed and trans-
formed to its active form, melagatran (5), which provides
competitive, direct inhibition of both free and clot-bound
thrombin. Administration of ximelagatran results in pre-
dictable plasma concentrations of melagatran that increase
linearly in relation to dose in healthy volunteers (5) and
surgical patients (6, 7). Fixed doses of ximelagatran with-
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out coagulation monitoring have been studied in phase II
trials and have shown promising results in prophylaxis of
venous thromboembolism after total hip or knee arthro-
plasty (8, 9). In this phase III trial, we compared the effi-
cacy and safety of ximelagatran and warfarin for the pre-
vention of venous thromboembolism after total knee
arthroplasty.

METHODS
Study Design

We performed a randomized, double-blind study
comparing ximelagatran with warfarin for the prevention
of venous thromboembolism after total knee arthroplasty.
Patients were recruited from 74 hospitals in the United
States and Canada. The study was performed in accor-
dance with the Declaration of Helsinki and was approved
by the institutional review board at each hospital. Patients
were evaluated for eligibility 1 to 30 days before surgery
and were randomly assigned to treatment postoperatively
on the day of surgery. Those that appeared to meet the
inclusion criteria were approached before surgery to discuss
the study and to sign consent forms if they were interested.
Those who agreed to participate were reevaluated after sur-
gery and before randomization to ensure that they still met



entry criteria. Randomization was stratified by unilateral or
bilateral surgery at each center and was implemented
through an interactive voice response system. Treatment
was given for 7 to 12 days, and venography was performed
within 12 hours of the final dose. Patients were followed
clinically for 4 to 8 weeks after surgery.

Patients

Patients were eligible if they were scheduled for elec-
tive total knee arthroplasty, were at least 18 years of age,
weighed 40 to 125 kg, and provided consent. Women had
to be surgically sterile, postmenopausal for at least 2 years,
or using reliable contraception. Criteria for exclusion were
scheduled hemiarthroplasty, surface repair, or revisionary
surgery; planned external pneumatic compression prophy-
laxis; immobilization for 3 or more days before surgery;
major surgery, ischemic stroke, myocardial infarction, or
administration of any investigational drug within 30 days
before surgery; a history of intracranial, retroperitoneal, or
intraocular bleeding or any other disorder associated with
increased risk for bleeding; gastrointestinal bleeding within
90 days before surgery or endoscopically verified ulcer dis-
ease within 30 days before surgery; uncontrolled hyperten-
sion; cytotoxic treatment for active malignancy; clinically
significant liver disease; thrombocytopenia; drug or alcohol
abuse in the past 6 months; allergy to contrast media or
iodine; contraindication to warfarin; severe renal impair-
ment (defined as estimated creatinine clearance < 0.5 mL/s
[<30 mL/min]); or traumatic epidural or spinal puncture
before surgery. Metformin was stopped before administra-
tion of contrast media for venography and was restarted
after 48 hours if renal function was normal. If an epidural
or spinal catheter was used, it had to be removed within 36
hours after surgery and at expected trough levels of mel-
agatran. Treatment with thrombolytic drugs and the fol-
lowing anticoagulants or antiplatelet agents was not al-
lowed within 7 days before surgery or during
administration of the study drug: heparins, warfarin, di-
pyridamole, sulfinpyrazone, ticlopidine, clopidogrel, non-
selective cyclooxygenase anti-inflammatory drugs with
half-life exceeding 20 hours, at least 500 mg of aspirin per
day, or dextran.

Treatment Regimens

Tablets containing 24 mg of ximelagatran (AstraZen-
eca, Wilmington, Delaware) or placebo were given in the
morning and evening, with the first dose given on the
morning after surgery and at least 12 hours after surgery.
Capsules containing warfarin (Coumadin, DuPont Phar-
maceuticals, Wilmington, Delaware) or placebo were given
each evening, starting on the day of surgery after hemosta-
sis was adequate. Warfarin was started at a minimum dose
of 5 mg and was then titrated to achieve a target interna-
tional normalized ratio (INR) of 2.5 (range, 1.8 to 3.0).
Patients remained in the hospital according to local prac-
tice, usually for 3 to 4 days, after which they self-adminis-
tered the medication.
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Context

Warfarin is associated with rates of deep venous thrombo-
sis of 38% to 55% when prescribed during total knee ar-
throplasty and requires frequent monitoring and dose ad-
justment. The oral thrombin inhibitor ximelagatran has
shown promise in prophylaxis of venous thromboembolism
in patients undergoing hip and knee arthroplasty. Ximel-
agatran does not require monitoring or dose adjustment.

Contribution

This randomized, controlled trial compared ximelagatran
with warfarin in 680 patients undergoing total knee ar-
throplasty and found that ximelagatran was at least as
effective as warfarin.

Implications

Ximelagatran is an option for prophylaxis of venous
thromboembolism in patients undergoing total knee ar-
throplasty, but this study had limited power to compare
adverse effects.

—The Editors

To guide dosing, INRs were measured locally by using
a point-of-care device or a laboratory on postoperative days
1 to 3 and as needed in the interim and after discharge
until the day of venography. The point-of-care devices
were preprogrammed to encrypt INR values, which could
be decrypted only by the central anticoagulation manage-
ment center (Omnicare Clinical Research, Lake Bluff, Illi-
nois). International normalized ratios from local laborato-
ries were reported to the Center, which then faxed real or
sham INR values to the investigator. The investigator used
these values to determine the next dose of warfarin or pla-
cebo. Sham INR values were generated to mimic usual
values in persons receiving warfarin. Treatment adherence
was assessed by counting tablets and capsules used in the
hospital, dispensed at discharge, and returned at the end of
the study.

Efficacy Assessments

The primary efficacy variable was the incidence of
DVT (proximal or distal) or pulmonary embolism. The
secondary efficacy variable was the incidence of proximal
DVT or pulmonary embolism. Both variables considered
events that occurred during treatment. Deep venous
thrombosis was evaluated by ascending venography on the
leg or legs that had undergone surgery (10, 11). Standard-
ized film documentation contained no more than nine im-
ages per leg. The Central Adjudication Committee assessed
venograms for the primary efficacy end point. The crite-
rion for DVT was a consistent intraluminal filling defect
on at least two images. Evaluable venograms required visu-
alization of all of the deep veins except the muscular veins
and the anterior tibial veins, although DVT was counted if
these veins were seen and thrombus was detected. Non-
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Table 1. Overview of the Study Sample

Variable Ximelagatran Group Warfarin Group Total
n (%)
Total patients randomly assigned 348 (100.0) 332 (100.0) 680 (100.0)
Patients who did not receive study medication 3(0.9) 2 (0.6) 5(0.7)
Safety sample 345 (99.1) 330 (99.4) 675 (99.3)
Nonevaluable venogram and no confirmed
symptomatic venous thromboembolism 69 (19.8) 69 (20.8) 138 (20.3)
Venography not done 36 (10.3) 45 (13.6) 81(11.9)
Indeterminate results on venography 33(9.5) 24 (7.2) 57 (8.4)
Efficacy sample 276 (79.3) 261 (78.6) 537 (79.0)

evaluable venograms were defined as those that showed a
lack of filling in a region of the deep system of the leg
without the presence of an intraluminal filling defect else-
where in the same region. Ultrasound diagnosis was suffi-
cient for symptomatic proximal DVT, but venography was
required for diagnosis of symptomatic distal DVT. Analy-
sis of local interpretations of venograms was included in
the statistical analysis plan before unblinding.

Pulmonary embolism was diagnosed when a lung scan
showed high probability, defined as one or more segmental
perfusion defects seen in at least two views with corre-
sponding normal ventilation. Pulmonary embolism was
also diagnosed by pulmonary angiography showing a per-
sistent intraluminal defect or abrupt cutoff of a vessel
greater than 2.5 mm in diameter. All cases of suspected
pulmonary embolism were adjudicated centrally. Patients
with thrombosis were treated according to local practice.

Safety Assessments

All bleeding events were recorded, including bleeding
at the site of surgery, volumes of blood loss and transfu-
sion, and wound appearance. Independent experts classi-
fied bleeding events as major if they were clinically overt
and showed one or more of the following: critical site in-
volvement (intracranial, retroperitoneal, intraocular, in-
traspinal, or pericardial), bleeding index of 2.0 or greater
(calculated as the number of units of red blood cells trans-
fused plus the difference between prebleeding hemoglobin
level minus postbleeding event hemoglobin level [g/dL]),
medical or surgical intervention at the operative site, or
fatal bleeding. The bleeding index provides a measure of
hemoglobin change as modified by transfusion and has
been used in other studies of prophylaxis after orthopedic
procedures (12, 13). Clinically overt bleeding with none of
the other characteristics was classified as minor. The inves-
tigators also classified the overall appearance and character-
istics of the surgical wound as being “as expected,” “worse
than expected,” or “better than expected.” Clinical chem-
istry and hematology variables were assessed at screening,
on the last day of study drug administration, and at the
6-week follow-up examination.

Statistical Analysis
Previous studies have shown that deep venous throm-
bosis occurs in approximately 49% of patients receiving
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warfarin and in 20% of those receiving ximelagatran (1, 9).
To be conservative, and because most venography in our
study would be unilateral, we anticipated an incidence of
35% for DVT in the warfarin group. On the basis of these
estimates, approximately 480 evaluable patients would be
needed to provide 95% power at a 5% significance level to
demonstrate superiority of ximelagatran. We selected a
sample size of 600 patients, anticipating that 20% would
have nonevaluable venograms.

The efficacy analyses included all patients with an
evaluable venogram or symptomatic, objectively confirmed
DVT or pulmonary embolism during the treatment pe-
riod. The incidences of total venous thromboembolism
and of proximal DVT or pulmonary embolism during
treatment were calculated by using the observed rates and
95% Cls in each treatment group; the differences in inci-
dence and 95% Cls were calculated. Group comparisons
were tested by using the Cochran—Mantel-Haenszel chi-
square test stratified by unilateral or bilateral surgery. Inci-
dences of symptomatic venous thromboembolism and
deaths during the follow-up period were also tabulated.
Clinical events occurring no more than 2 days after the last
dose of study drug were considered to have occurred dur-
ing treatment; after 2 days, they were considered follow-up
events.

The safety analysis included all patients who took at
least one dose of study medication. The frequencies and
95% Cls of bleeding events and of individual bleeding
complications associated with the surgical wound were an-
alyzed by using methods similar to those used in the effi-
cacy analysis. Appearance of the surgical wound was re-
corded as the worst appearance noted during the study,
and differences were tested by using the Cochran—Mantel-
Haenszel chi-square test stratified by unilateral or bilateral
surgery. The descriptions of wound appearance were sum-
marized by the percentage of patients for whom each char-
acteristic was “worse than expected.” Volumes of operative
blood loss, postoperative wound drainage and transfusion,
and the bleeding index were estimated by using the means
for both treatment groups, and between-treatment differ-
ences were tested by using an analysis of variance model
blocked by unilateral or bilateral surgery.
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Role of the Funding Source

AstraZeneca funded the study and performed all sta-
tistical analyses with guidance from the Executive Com-
mittee. The Executive Committee, which was composed of
six physicians, was involved in study design and monitor-
ing, had full access to the data, and made all decisions
regarding publication. A list of the members of the Exec-
utive Committee, the Data Safety Monitoring Board, the
Central Adjudication Committee, and the site investigators
and coordinators can be found in the Appendix (available
at www.annals.org).

REsuLTS
Patients

Between March and September 2000, 758 patients
consented to participate in the study and 680 were ran-
domly assigned to treatment (Table 1). Five patients did
not receive study medication for the following reasons:
death from myocardial infarction (1 patient in the ximel-
agatran group), withdrawn consent (1 patient in each
group), use of prohibited medication (1 patient in the
ximelagatran group), and unfulfilled eligibility criteria (1
patient in the warfarin group). Thus, the safety sample
consisted of 345 patients in the ximelagatran group and
330 patients in the warfarin group. Within this sample, 21
patients from the ximelagatran group and 30 from the
warfarin group discontinued treatment prematurely be-

Table 2. Characteristics of the Safety Sample and the Efficacy Sample*
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cause of adverse events (14 and 17 patients, respectively),
withdrawn consent (2 and 4 patients, respectively), and
“other reasons” (5 and 9 patients, respectively). “Other
reasons” in the warfarin group included confirmed pulmo-
nary embolism (3 patients) and confirmed DVT (2 pa-
tients). The duration of the treatment was 7 to 9 days for
most patients; approximately 25% received treatment for
10 to 12 days. Fewer patients in the ximelagatran group
(6%) than in the warfarin group (17%) received treatment
for fewer than 6 days, mostly because warfarin therapy was
sometimes held to keep INRs in the desired range.

The efficacy sample comprised 276 patients in the
ximelagatran group and 261 patients in the warfarin group.
One hundred thirty-eight patients (69 in each group) were
excluded from the efficacy sample because they had non-
evaluable venograms and no confirmed symptomatic DVT
or pulmonary embolism. Within the efficacy sample, pre-
defined protocol deviations occurred in 25 patients as-
signed to ximelagatran and 36 patients assigned to warfa-
rin. Each type of protocol deviation occurred in a similar
proportion of patients in either group. Patients with pre-
defined protocol deviations were included in the efficacy
analyses. Patient characteristics were well matched (Table
2), and adherence to treatment was approximately 90%.

Thromboembolic Events
When venograms were interpreted centrally, patients
receiving ximelagatran had a lower incidence of total ve-

Characteristic

Safety sample
Patients, n
Age, y
Women, %
Weight, kg
Body mass index, kg/m?
Estimated creatinine clearance, mL/s (mL/min)
Ethnicity, n (%)
White
African American
Asian
Other
Treatment duration, d
Efficacy sample
Patients, n
History of deep venous thrombosis or pulmonary embolism, n (%)
History of varicose veins, n (%)
Anesthesia, n (%)
General
Regional
Other
Type of surgery, n (%)
Unilateral
Bilateral
Tourniquet duration, min
Duration of surgery, min
Time from surgery to first dose, h
Time to ambulation, d
Duration of hospital stay, d
Day of venography

Ximelagatran Group Warfarin Group

345 330

67.8 £10.1 67.7 £10.4
63.2 64.2
873177 86.8 = 18.2
31459 31.0 £ 6.1

1.64 £ 0.67 (98.4 = 40.0) 1.66 * 0.68 (99.2 = 40.5)

319 (92.5) 302 (91.5)
23 (6.7) 27 (8.2)
2(0.6) 1(0.3)
1(0.3) 0(0.0)
8.1+%2.1 7.7 £23
276 261
8 (3.0) 9(3.4)
41 (14.9) 31(11.9)
200 (72.5) 170 (65.1)
64 (23.2) 75 (28.8)
12 (4.3) 16 (6.1)
257 (93.1) 248 (95.0)
19 (6.9) 13 (5.0)
70.1 =239 712257
925+ 3938 87.8 296
209 =41 20.8 = 3.0
13+06 12+06
50+%28 49=*+24
8.6+*17 85+*16

* Values presented with plus/minus signs are means £ SD.
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Table 3. Incidence of Venous Thrombosis during the Treatment Period*

Eventt Ximelagatran Group

Central interpretation
Total thromboembolism
Proximal DVT or PE

Local interpretation
Total thromboembolism
Proximal DVT or PE

Warfarin Group Mean Risk Reduction for P Value$
Ximelagatran vs. Warfarin
% (n/n) percentage points
19.2 [14.7 to 24.4] (53/276) 25.7 [20.5 to 31.4] (67/261) —6.5[-13.510 0.6] 0.070
3.3[1.5t0 6.1]1 (9/274) 5.0 [2.7 to 8.5] (13/258) —1.8[-5.210 1.6] >0.2
25.4 [20.3 to 31.0] (68/268) 33.5[27.8 to 39.5] (88/263) —8.1[-15.8to —0.4] 0.043
5.7 [3.2 t0 9.31 (15/262) 9.2 [5.9 to 13.5] (23/249) —3.5[-8.1t01.1] 0.119

* Numbers in square brackets are 95% Cls. Values in parentheses are numbers of patients/total numbers of evaluable patients. DVT = deep venous thrombosis;

PE = pulmonary embolism.

T Total thromboembolism refers to both distal and proximal DVT. Proximal DVT includes only patients with thrombi in the popliteal or more proximal veins.
¥ Treatment differences were tested by using the Cochran-Mantel-Haenszel test, adjusted for type of surgery (unilateral or bilateral).

nous thromboembolism than those treated with warfarin
(19.2% vs. 25.7%) (difference, —6.5 percentage points
[95% CI, —13.5 to 0.6 percentage points]; P = 0.070)
(Table 3). Both treatments were associated with low inci-
dences of proximal DVT or pulmonary embolism (3.3% in
the ximelagatran group vs. 5.0% in the warfarin group;
P> 0.2). Bilateral surgery was performed in fewer than
10% of patients, and no significant differences were appar-
ent between the overall results for unilateral or bilateral
surgery. When venograms were interpreted locally, the in-
cidence of total venous thromboembolism was significantly
lower in the ximelagatran group (25.4%) than in the war-
farin group (33.5%) (P = 0.043). The locally assessed in-
cidences of proximal DVT or pulmonary embolism were

Figure. Presence (shaded bars) or absence (white bars) of
venous thrombosis in patients receiving warfarin, according to
international normalized ratio (INR) on postoperative day 3 and
day of venography.
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Data are means; error bars represent upper bounds of 95% Cls. On day
3, 64 patients had confirmed venous thrombosis and 193 patients did
not; on the day of venography, 61 patients had confirmed venous throm-
bosis and 185 patients did not.
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5.7% in the ximelagatran group and 9.2% in the warfarin
group (P = 0.12). We performed a sensitivity analysis as-
suming several outcomes in patients without venograms,
including 1) that the rate of thrombosis was the overall
mean rate or 2) that the rates in ximelagatran- and warfa-
rin-treated patients would be the observed rates in patients
who had available venograms. We performed two addi-
tional analyses with these same two assumptions but used
sex-adjusted rates because of the slightly higher percentage
of women without venography in the warfarin group. The
analysis was virtually unchanged by these modifications.
Confirmed symptomatic DVT occurred at similar fre-
quencies in the ximelagatran group (6 of 345 patients
[1.7%]) and the warfarin group (6 of 330 patients [1.8%]).
During the treatment period, symptomatic pulmonary em-
bolism was confirmed in one patient in the ximelagatran
group and four patients in the warfarin group, including
one fatal pulmonary embolism on day 3. One additional
patient in the ximelagatran group developed symptomatic
pulmonary embolism on day 14, 4 days after treatment was
stopped. International normalized ratios on day 3 and at
venography were not significantly different in patients with
or without venous thromboembolism (Figure). Approxi-
mately one third of patients had INRs in the range of 1.8
to 3.0 at day 3, and one half had INRs in this range at
venography. No trend was seen toward a higher rate of
venous thromboembolism when INRs were subtherapeutic.

Bleeding

Major bleeding occurred in 6 of 345 patients (1.7%)
in the ximelagatran group and 3 of 330 patients (0.9%) in
the warfarin group; no statistically significant differences
were seen in the rates of bleeding events (Table 4). Major
bleeding events included gastrointestinal bleeding (3 pa-
tients in the ximelagatran group and 1 in the warfarin
group) and wound hematomas (3 patients in the ximel-
agatran group and 2 in the warfarin group). Of the 6 major
bleeding events in the ximelagatran group, 5 occurred in
the first 3 days, whereas all 3 major bleeding events in the
warfarin group occurred more than 7 days after surgery.
Transfusion volumes, operative blood loss, postoperative
wound drainage, and bleeding indices were similar for both
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treatment groups. Minor bleeding occurred in 7.8% and
6.4% of patients in the ximelagatran and warfarin groups,
respectively.

Wound appearance and bleeding complications were
assessed on days 1 to 3, on the day of venography, and at
follow-up visits. For all time points combined, overall
wound appearance was rated “as expected” in 90% of pa-
tients in the ximelagatran group and 92% of patients in the
warfarin group and “worse than expected” in 9.9% of pa-
tients in the ximelagatran group and 7.9% of patients in
the warfarin group. There were no statistically significant
differences between treatments at any time. For patients
with a “worse than expected” rating at any time, wound
appearance was further characterized as due to hematoma,
bleeding, unusual bruising, intra-articular bleeding, swell-
ing, drainage, or erythema, and there was no statistically
significant difference in any characteristic between the
groups. The most common complication was wound
bleeding (7.0% of patients in the ximelagatran group and
5.5% of patients in the warfarin group; P > 0.2).

Discussion

Our findings indicate that ximelagatran, an oral direct
thrombin inhibitor, is at least as effective as adjusted-dose
warfarin for prophylaxis of DVT after total knee arthro-
plasty. Symptomatic DVT was infrequent, and incidences
were similar in the ximelagatran and warfarin groups
(1.7% and 1.8%, respectively). Symptomatic pulmonary
embolism occurred in 0.6% and 1.2%, respectively, of
these groups. Efficacy was evaluated by venography be-
tween days 7 and 12, when most thrombi are present, and
also by clinical evaluation between weeks 4 and 8. Any
effect on later events cannot be evaluated. Bleeding com-
plications were infrequent and did not differ significantly
in the two groups when assessed by objective or subjective
measures.

Venography is the gold standard for diagnosis of ve-
nous thromboembolism and was performed only on the
operated leg to minimize patient discomfort and risk. In
two recent trials, the rates of DVT occurring only in the
contralateral leg after total knee arthroplasty were 5.2%
(14) and 6.2% (15), indicating that unilateral venography
would identify the vast majority of thrombi. Our study
prospectively included two blinded interpretations of
venography. The central reading was the primary end
point and ensured uniformity of interpretation across cen-
ters while using strict criteria for interpretation. The local
interpretation represented usual clinical practice, had the
benefit of fluoroscopy, and may have yielded more readily
generalizable results. The results of the two interpretations
were generally consistent with each other, but the local
interpretation indicated that ximelagatran was statistically
significantly more effective than warfarin whereas the cen-
tral reading showed a trend.

Current guidelines recommend prophylaxis with
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Table 4. Rates of Bleeding Events*

Event Ximelagatran Group ~ Warfarin Group
(n = 345) (n = 330)

Major bleeding, % 1.7 (0.6-3.7) 0.9 (0.2-2.6)

Any bleeding, % 9.0 (6.2-12.5) 7.0 (4.5-10.3)

Transfusion, % 38 34

Mean transfusion volume, U 0.7 (0.6-0.9) 0.7 (0.6-0.8)

Mean operative blood loss, mL+ 148 (129-167) 143 (124-163)

Mean postoperative wound
drainage, mL¥

Bleeding index§

625 (574-675)
3.0(2.9-3.2)

598 (546-651)
2.9(2.8-3.1)

* Numbers in parentheses are 95% Cls. 2> 0.2 for all comparisons. Treatment
differences were tested by using the Cochran—Mantel-Haenszel test, adjusted for
type of surgery (unilateral or bilateral) and for other variables (analysis of variance
blocked by type of surgery).

T Data were available for 323 patients in the ximelagatran group and 311 patients
in the warfarin group.

¥ Data were available for 283 patients in the ximelagatran group and 262 patients
in the warfarin group.

§ Data were available for 318 patients in the ximelagatran group and 299 patients
in the warfarin group. Bleeding index = number of units of blood
transfused + (baseline — postvenography hemoglobin value [g/dL]).

LMWH or warfarin for patients undergoing total knee ar-
throplasty, and both treatments are widely used. In six
studies directly comparing LMWH with warfarin, the rates
of venographically confirmed DVT in patients receiving
LMWH ranged from 25% to 45%, with a pooled mean of
31% (1, 14, 16-20). In the corresponding warfarin
groups, the rates were 38% to 55%, with a pooled mean of
47% (14, 16-21). Proximal DVT, which is more likely to
be symptomatic and associated with pulmonary embolism
(22-26), was found in approximately 8% to 12% of pa-
tients (21). In our ximelagatran group, the rates of 19.2%
and 25.4% for venous thromboembolism on central and
local interpretation, respectively, compare favorably with
previous results. In a dose-finding study, venous thrombo-
embolism was detected in 16% of patients undergoing to-
tal knee arthroplasty in whom ximelagatran, 24 mg twice
daily, was started 12 to 24 hours after surgery (9). In a
European study, venous thromboembolism was seen in
22% of patients undergoing total knee arthroplasty who
received melagatran, 3 mg subcutaneously, before surgery
and for 1 to 3 days after surgery, followed by oral ximel-
agatran, 24 mg twice daily (8). The rates of proximal DVT
or pulmonary embolism in the ximelagatran groups of
these studies were 3.2% (8) and 2.0% (9), similar to our
results.

In our study, the rate of DVT in patients receiving
warfarin was lower than that in any other multicenter
study and was also lower than the rate of 35% projected in
the calculations of sample size. The reason for this is un-
clear but may be partly related to the use of unilateral
rather than bilateral venography. Control of INRs was
good, but no clear relation was seen between INR and the
occurrence of thrombosis, a finding similar to previous re-
ports (27). Results in our patients receiving ximelagatran
were similar to those seen with parenterally administered
direct thrombin inhibitors. Rates of DVT of 7% to 18%
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have been reported after total hip arthroplasty in patients
receiving the recombinant hirudin desirudin (28-30), and
venous thromboembolism has been reported to occur in
17% of patients who received bivalirudin after orthopedic
procedures (31).

The use of warfarin requires routine coagulation mon-
itoring and dose adjustment because of issues such as drug
interactions, diet, concomitant diseases, and varying me-
tabolisms. Furthermore, warfarin has a delayed onset and
does not achieve the target anticoagulant level until at least
the third postoperative day; this is problematic after ortho-
pedic surgery, when thrombosis may start during the first
postoperative day (32). In contrast, ximelagatran is rapidly
absorbed and converted to its active form, melagatran (5),
which acts directly on thrombin and is eliminated unme-
tabolized through the kidneys (33). Given in fixed doses,
ximelagatran produces predictable plasma melagatran con-
centrations (5, 7) and has no known food (34, 35) or drug
(36—-39) interactions. Animal studies indicate that ximel-
agatran has a wide therapeutic window and increases bleed-
ing only slightly at therapeutic doses (40—42). Melagatran
is excreted through the kidney, and plasma concentrations
are influenced by renal function and weight in orthopedic
patients (43, 44).

Bleeding is a major concern with postoperative anti-
coagulation, but no statistically significant differences were
seen between groups in any measure of bleeding. Other
published studies using warfarin in total knee arthroplasty
have shown major bleeding in 0.9% (14) and 1.8% (17) of
patients, similar to the rates observed in our study; slightly
higher rates of 2.8% (14) and 2.1% (17) were seen in the
comparator groups receiving LMWH. We performed a de-
tailed analysis of complications at the surgical site, taking
particular care to assess wound bleeding and appearance
because surgeons are often concerned about wound healing
in the presence of antithrombotic therapy. No differences
in wound complications were observed.

In summary, in this randomized trial, postoperative
ximelagatran was effective and well tolerated for prevention
of venous thromboembolism. It was at least as effective as
adjusted-dose warfarin, and no differences were seen in
bleeding or wound complications between groups. Fixed
oral doses of ximelagatran without routine coagulation
monitoring or dose adjustment seem to be suitable for
thromboprophylaxis after total knee arthroplasty.

From University of Rochester School of Medicine and Dentistry, Roch-
ester, New York; University of Washington School of Medicine and
Swedish Medical Center, Seattle, Washington; AstraZeneca, Wilming-
ton, Delaware; University of Pennsylvania, Philadelphia, Pennsylvania;
McMaster University, Hamilton, Ontario, Canada; University of Cali-
fornia, Los Angeles, Los Angeles, California; and Scripps Clinic and
Research Foundation, La Jolla, California.

Potential Financial Conflicts of Interest: Employment: S.D. Berkowitz,
A K. Webster, J.P. Whipple, G.R. Peters; Consultancies: C.W. Francis,
B.L. Davidson, S.D. Berkowitz, P.A. Lotke, ].S. Ginsberg, ]J.R. Lieber-

654 |15 October 2002 | Annals of Internal Medicine | Volume 137 ® Number 8

man; Honoraria: C.W. Francis, B.L. Davidson, S.D. Berkowitz, J.R.
Lieberman; Stock ownership: S.D. Berkowitz, A.K. Webster; Grants re-
ceived: ].S. Ginsberg, C.W. Colwell Jr.

Requests for Single Reprints: Charles W. Francis, MD, Hematology/
Oncology Unit, Department of Medicine, University of Rochester Med-
ical Center, Box 610, 601 Elmwood Avenue, Rochester, NY 14642;
e-mail, charles_francis@urmc.rochester.edu.

Current author addresses, author contributions, and the Appendix are
available at www.annals.org.

References

1. Clagett GP, Anderson FA Jr, Geerts W, Heit JA, Knudson M, Lieberman
JR, et al. Prevention of venous thromboembolism. Chest. 1998;114:531S-560S.
[PMID: 9822062]

2. Gross M, Anderson DR, Nagpal S, O’Brien B. Venous thromboembolism
prophylaxis after total hip or knee arthroplasty: a survey of Canadian orthopedic
surgeons. Can ] Surg. 1999;42:457-61. [PMID: 10593248]

3. Tobst CA, Friedman R]. The role of low molecular weight heparin in total
knee arthroplasty. Am ] Knee Surg. 1999;12:55-60. [PMID: 10050695]

4. Hirsh ], Dalen JE, Anderson DR, Poller L, Bussey H, Ansell J, et al. Oral
anticoagulants: mechanism of action, clinical effectiveness, and optimal therapeu-
tc range. Chest. 1998;114:4455-469S. [PMID: 9822057]

5. Eriksson UG, Johansson L, Frison L, Bredberg U, Gustafsson D. Single and
repeated oral dosing of H 376/95, a prodrug of the direct thrombin inhibitor
melagatran, to young healthy male subjects [Abstract]. Blood. 1999;94(Suppl
1):26a.

6. Eriksson UG, Frison L, Gustafsson D, Mandema J, Karlsson MO, Eriksson
BI. The pharmacokinetics of melagatran, the active form of the oral direct throm-
bin inhibitor, ximelagatran (pINN, formerly H 376/95), in orthopaedic surgery
patients treated to prevent DVT and pulmonary embolism [Abstract]. XVIII
Congress of the International Society on Thrombosis and Haemostasis, 6-12
July 2001, Paris, France. Abstract no. P3092.

7. Peters G, Whipple J, Eriksson UG. Pharmacokinetics of H 376/95, a novel
oral direct thrombin inhibitor, in patients undergoing total knee arthroplasty
[Abstract]. Clin Pharmacol Ther 2001;69:35.

8. Eriksson BI, Lindbratt S, Kilebo P, Bylock A, Frison L, Welin L, et al.
METHRO II: dose-response study of the novel oral direct thrombin inhibitor, H
376/95, and its subcutaneous formulation, melagatran, compared with dalteparin
as thromboembolic prophylaxis after total hip or total knee replacement. Lancet
[In press].

9. Heit JA, Colwell CW, Francis CW, Ginsberg JS, Berkowitz SD, Whipple J,
et al. Comparison of the oral direct thrombin inhibitor ximelagatran with enox-
aparin as prophylaxis against venous thromboembolism after total knee replace-
ment: a phase 2 dose-finding study. Arch Intern Med. 2001;161:2215-21.
[PMID: 11575978]

10. Rabinov K, Paulin S. Roentgen diagnosis of venous thrombosis in the leg.
Arch Surg. 1972;104:134-44. [PMID: 5008903]

11. Kiilebo P, Ekman S, Lindbratt S, Eriksson BI, Pauli U, Zachrisson BE, et
al. Percentage of inadequate phlebograms and observer agreement in thrombo-
prophylactic multicenter trials using standardized methodology and central assess-
ment. Thromb Haemost. 1996;76:893-6. [PMID: 8972007]

12. Eriksson BI, Bauer KA, Lassen MR, Turpie AG. Fondaparinux compared
with enoxaparin for the prevention of venous thromboembolism after hip-frac-
ture surgery. N Engl ] Med. 2001;345:1298-304. [PMID: 11794148]

13. Bauer KA, Eriksson BI, Lassen MR, Turpie AG. Fondaparinux compared
with enoxaparin for the prevention of venous thromboembolism after elective
major knee surgery. N Engl ] Med. 2001;345:1305-10. [PMID: 11794149]

14. Leclerc JR, Geerts WH, Desjardins L, Laflamme GH, L’Espérance B, De-
mers C, et al. Prevention of venous thromboembolism after knee arthroplasty. A
randomized, double-blind trial comparing enoxaparin with warfarin. Ann Intern
Med. 1996;124:619-26. [PMID: 8607589]

15. Francis CW, Pellegrini VD Jr, Leibert KM, Totterman S, Azodo MYV,

Harris CM, et al. Comparison of two warfarin regimens in the prevention of

www.annals.org



venous thrombosis following total knee replacement. Thromb Haemost. 1996;
75:706-11. [PMID: 8725709]

16. Heit JA, Berkowitz SD, Bona R, Cabanas V, Corson JD, Elliott CG, et al.
Efficacy and safety of low molecular weight heparin (ardeparin sodium) com-
pared to warfarin for the prevention of venous thromboembolism after total knee
replacement surgery: a double-blind, dose-ranging study. Ardeparin Arthroplasty
Study Group. Thromb Haemost. 1997;77:32-8. [PMID: 9031445]

17. Hull R, Raskob G, Pineo G, Rosenbloom D, Evans W, Mallory T, et al. A
comparison of subcutaneous low-molecular-weight heparin with warfarin sodium
for prophylaxis against deep-vein thrombosis after hip or knee implantation.
N Engl ] Med. 1993;329:1370-6. [PMID: 8413432]

18. RD heparin compared with warfarin for prevention of venous thromboem-
bolic disease following total hip or knee arthroplasty. RD Heparin Arthroplasty
Group. ] Bone Joint Surg Am. 1994;76:1174-85. [PMID: 8056798]

19. Hamulyak K, Lensing AW, van der Meer J, Smid WM, van Ooy A, Hoek
JA. Subcutaneous low-molecular weight heparin or oral anticoagulants for the
prevention of deep-vein thrombosis in elective hip and knee replacement? Fraxi-
parine Oral Anticoagulant Study Group. Thromb Haemost. 1995;74:1428-31.
[PMID: 8772214]

20. Fitzgerald RH Jr, Spiro TE, Trowbridge AA, Gardiner GA Jr, Whitsett TL,
O’Connell MB, et al. Prevention of venous thromboembolic disease following
primary total knee arthroplasty. A randomized, multicenter, open-label, parallel-
group comparison of enoxaparin and warfarin. ] Bone Joint Surg Am. 2001;83-
A:900-6. [PMID: 11407799]

21. Geerts WH, Heit JA, Clagett GP, Pineo GF, Colwell CW, Anderson FA Jr,
et al. Prevention of venous thromboembolism. Chest. 2001;119:132S-175S.
[PMID: 11157647]

22. Howard AW, Aaron SD. Low molecular weight heparin decreases proximal
and distal deep venous thrombosis following total knee arthroplasty. A meta-
analysis of randomized trials. Thromb Haemost. 1998;79:902-6. [PMID: 9609217]
23. Collins R, Scrimgeour A, Yusuf S, Peto R. Reduction in fatal pulmonary
embolism and venous thrombosis by perioperative administration of subcutane-
ous heparin. Overview of results of randomized trials in general, orthopedic, and
urologic surgery. N Engl ] Med. 1988;318:1162-73. [PMID: 3283548]

24. Havig O. Deep vein thrombosis and pulmonary embolism. An autopsy study
with multiple regression analysis of possible risk factors. Acta Chir Scand Suppl.
1977;478:1-120. [PMID: 146995]

25. Moser KM, LeMoine JR. Is embolic risk conditioned by location of deep
venous thrombosis? Ann Intern Med. 1981;94:439-44. [PMID: 7212500]

26. Eriksson B, Kilebo P, Anthymyr BA, Wadenvik H, Tengborn L, Risberg
B. Prevention of deep-vein thrombosis and pulmonary embolism after total hip
replacement. Comparison of low-molecular-weight heparin and unfractionated
heparin. ] Bone Joint Surg Am. 1991;73:484-93. [PMID: 2013587]

27. Francis CW, Pellegrini VD Jr, Totterman S, Boyd AD Jr, Marder V],
Liebert KM, et al. Prevention of deep-vein thrombosis after total hip arthro-
plasty. Comparison of warfarin and dalteparin. ] Bone Joint Surg Am. 1997;79:
1365-72. [PMID: 9314399]

28. Eriksson BI, Ekman S, Kalebo P, Zachrisson B, Bach D, Close P. Preven-
tion of deep-vein thrombosis after total hip replacement: direct thrombin inhibi-
tion with recombinant hirudin, CGP 39393. Lancet. 1996;347:635-9. [PMID:
8596376]

29. Eriksson BI, Wille-Jorgensen P, Kilebo P, Mouret P, Rosencher N, Bésch
P, et al. A comparison of recombinant hirudin with a low-molecular-weight
heparin to prevent thromboembolic complications after total hip replacement.
N Engl ] Med. 1997;337:1329-35. [PMID: 9358120]

30. Eriksson BI, Ekman S, Lindbratt S, Baur M, Bach D, Torholm C, et al.

Prevention of thromboembolism with use of recombinant hirudin. Results of a

www.annals.org

Prevention of Venous Thromboembolism with Ximelagatran ARTICLE

double-blind, multicenter trial comparing the efficacy of desirudin (Revasc) with
that of unfractionated heparin in patients having a total hip replacement. J Bone
Joint Surg Am. 1997;79:326-33. [PMID: 9070519]

31. Ginsberg JS, Nurmohamed MT, Gent M, MacKinnon B, Sicurella J, Brill-
Edwards P, et al. Use of Hirulog in the prevention of venous thrombosis after
major hip or knee surgery. Circulation. 1994;90:2385-9. [PMID: 7955198]

32. Maynard M], Sculco TP, Ghelman B. Progression and regression of deep
vein thrombosis after total knee arthroplasty. Clin Orthop. 1991;273:125-30.
[PMID: 1959259]

33. Bredberg U, Eriksson UG, Taure K, Johansson L, Frison L, Gustafsson D.
Effects of melagatran, a novel direct thrombin inhibitor, in healthy volunteers
following intravenous, subcutaneous and oral administration [Abstract]. Blood
1999;94(Suppl 1):28a.

34. Johansson L, Eriksson UG, Frison L, Fager G. Pharmacokinetics of H
376/95 in young and elderly healthy patients [Abstract]. Blood. 2000;96:57a.
35. Eriksson UG, Johansson L, Frison L, Mandema J, Karlsson MO, Eriksson
B, et al. Pharmacokinetics of melagatran in young and elderly healthy subjects
and orthopaedic surgery patients [Abstract]. Clin Pharmacol Ther. 2001;69:24.
36. Eriksson UG, Fager G, Eriksson-Lipkowska M, Cullberg M, Frison L,
Bylock A, et al. Effect of acetyl salicylic acid (ASA) on the pharmacodynamics
and pharmacokinetics of melagatran, active form of the oral direct thrombin
inhibitor, H 376/95 [Abstract]. Clin Pharmacol Ther. 2001;69:24.

37. Eriksson-Lipkowska M, Thuresson A, Bylock A, Frison L, Eriksson UG.
The effect of the oral direct thrombin inhibitor, ximelagatran (pINN, formerly H
376/95), on the pharmacokinetics of diazepam in healthy male volunteers [Ab-
stract]. XVIII Congress of the International Society on Thrombosis and Haemo-
stasis, 6—12 July 2001, Paris, France. Abstract no. P785.

38. Eriksson-Lipkowska M, Thuresson A, Bylock A, Frison L, Eriksson UG.
The effect of the oral direct thrombin inhibitor, ximelagatran (pINN, formerly H
376/95), on the pharmacokinetics and pharmacodynamics of diclofenac in
healthy male volunteers [Abstract]. XVIII Congress of the International Society
on Thrombosis and Haemostasis, 612 July 2001, Paris, France. Abstract no.
P786.

39. Johansson S, Bylock A, Eriksson-Lepkowska M, Thuresson A, Frison L,
Eriksson UG. The effect of the oral direct thrombin inhibitor, ximelagatran
(pINN, formerly H 376/95), on the pharmacokinetics of nifedipine, in healthy
male volunteers [Abstract]. XVIII Congress of the International Society on
Thrombosis and Haemostasis, 6—12 July 2001, Paris, France. Abstract no. P784.
40. Elg M, Gustafsson D, Carlsson S. Antithrombotic effects and bleeding time
of thrombin inhibitors and warfarin in the rat. Thromb Res. 1999;94:187-97.
[PMID: 10326765]

41. Elg M, Gustafsson D, Deinum J. The importance of enzyme inhibition
kinetics for the effect of thrombin inhibitors in a rat model of arterial thrombosis.
Thromb Haemost. 1997;78:1286-92. [PMID: 9364999]

42. Eriksson BI, Carlsson S, Halvarsson M, Risberg B, Mattsson C. Antithrom-
botic effect of two low molecular weight thrombin inhibitors and a low-molecular
weight heparin in a caval vein thrombosis model in the rat. Thromb Haemost.
1997;78:1404-7. [PMID: 9408027]

43. Eriksson UG, Frison L, Gustafsson D, Mandema J, Karlsson MO, Wahlby
U, et al. Effect of melagatran, the active form of the oral direct thrombin inhib-
itor, H 376/95, on activated partial thromboplastin time (APTT) in orthopaedic
surgery patients treated to prevent DVT and pulmonary embolism [Abstract].
Blood. 2000;96:93b.

44. Eriksson UG, Frison L, Gustafsson D, Mandema J, Karlsson MO, Eriksson
B. Pharmacokinetics of melagatran, the active form of the oral direct thrombin
inhibitor, H 376/95, in orthopaedic surgery patients treated to prevent DVT and
pulmonary embolism [Abstract]. Blood. 2000;96:93b.

15 October 2002 | Annals of Internal Medicine [ Volume 137 * Number 8655



APPENDIX
Executive Committee

Clifford W. Colwell Jr., MD, LaJolla, California; Bruce L.
Davidson, MD, MPH, Seattle, Washington; Charles W. Francis,
MD, Rochester, New York; Jeffrey S. Ginsberg, MD, Hamilton,
Ontario, Canada; Jay R. Leiberman, MD, Los Angeles, Califor-
nia; and Paul A. Lotke, MD, Philadelphia, Pennsylvania.

Data Safety Monitoring Board

Robin S. Roberts, Hamilton, Ontario, Canada; Marvin
Steinberg, MD, Philadelphia, Pennsylvania; and Alexander G.G.
Turpie, Hamilton, Ontario, Canada.

Independent Central Adjudication Committee

Michael Gent, DSc (Chair); Jack Hirsh, MD; Clive Kearon,
MD; Mark Levine, MD; and Jeffrey Weitz, MD, Hamilton, On-
tario, Canada.

Site Investigators and Coordinators

Gordon Allen, MD (Principal Investigator), and Candi
Bears, Springfield, Illinois; Stephen Bartol, MD (Principal Inves-
tigator) and Lisa LaRoque, Windsor, Ontario, Canada; Craig
Beard, MD (Principal Investigator), Kenneth Bartholomew, MD
(Principal Investigator), Richard Wiesemann, MD, and Sherri
Newman, Bowling Green, Kentucky; Karl Beer, MD (Principal
Investigaror), and Heidi Cole, Sylvania, Ohio; Robert Belniak,
MD (Principal Investigator), and Kathie Cote, New Britain, Con-
necticut; William Bose, MD (Principal Investigator), and Jennifer
Franklin, Mobile, Alabama; Scott Bowen, MD (Principal Inves-
tigator), and Janet Storment, Little Rock, Arkansas; Gary Brad-
ley, MD (Principal Investigator), Stuart Braverman, MD, Sheryl
Ford, Knute Buehler, MD (Principal Investigator), Pat Brown,
MD, and Deb Rogers, Bend, Oregon; Frank Burke, MD (Prin-
cipal Investigator), and Elaine Wilhite, Lexington, Kentucky;
Dale Butler, MD (Principal Investigator), Brian Fellmeth, MD,
and Susan Croopnick, Sacramento, California; Frank Cannon,
MD (Principal Investigaror), Tonya Dambrosia, and Mary Stand-
ley, Ocala, Florida; Philip Comp, MD (Principal Investigator),
and Stephen Farriester, Oklahoma City, Oklahoma; Larry Cord-
ell, MD (Principal Investigator), and Diane Collins, Overland
Park, Kansas; Mark Crowther, MD (Principal Investigator),
Julian Dobranowski, MD, and Terri Schnurr, Hamilton, On-
tario, Canada; David Dalury, MD (Principal Investigaror), and
Mary Jo Adams, Towson, Maryland; Bruce L. Davidson, MD
(Principal Investigator), and Jennifer Graves, Seattle, Washington;
Victor deKorompay, MD (Principal Investigator), and Hana
Graja, Winnipeg, Manitoba, Canada; David Drucker, MD
(Principal Investigator), and Aurel Cernaianu, MD, Staten Island,
New York; Roger Emerson, MD (Principal Investigator), and
Dawn Rick, Plano, Texas; Robert Ennis, MD (Principal Investi-
gator), Mark Kraevetz, MD, and Carmen Portogues, Hollywood,
Florida; James Sydney Finley IlI, MD (Principal Investigator),
and Carol Grafton, Ruston, Louisiana; Richard Friedman, MD
(Principal Investigator), Dan Ravenel, MD, Jay Robards, MD,
and Jim Wells, MD, Charleston, South Carolina; Gerald Fulda,
MD (Principal Investigator), Mark Garcia, MD, and Christine
Babenko, Newark, Delaware; David Gallagher, MD (Principal
Investigaror), Robert Deweese, MD, and Debbie Sanders, Co-

www.annals.org

lumbus, Indiana; Gurdev Gill, MD (Principal Investigator), and
Amanda Romero, Lubbock, Texas; lan Gordon, MD (Principal
Investigaror), and Lynn Willis, Long Beach, California; David
Green, MD (Principal Investigaror), and Mark Healy, Chicago,
llinois; Warren Greth, MD (Principal Investigaror), Richard
Duszak, MD, and Barbara Taglieri, West Reading, Pennsylvania;
Peter Hanson, MD (Principal Investigator), Roff Schwartzberg,
MD, and Cary Murphy, LaMesa, California; Michael Hogan,
MD (Principal Investigator), and Angela Payne, Cumming, Geor-
gia; William Hopkinson, MD (Principal Investigator), and
Tammy Lio, Maywood, Illinois; Joseph Jankiewicz, MD (Princi-
pal Investigator), and Judy Kelley, San Diego, California; Maurice
Jové, MD (Principal Investigator), and Nicole Maslanka, Decatur,
Georgia; George Kantor, MD (Principal Investigator), Jaime
Toro, MD, John Young, MD, and Kim Vaughn, Palm Beach
Gardens, Florida; John Kilgore, MD (Principal Investigator), and
Frank Persechino, Clearwater, Florida; Hubert Kim, MD (Prin-
cipal Investigator), and Kitty Stanley, San Francisco, California;
William Kim, MD (Principal Investigator), and Lubna Ajamal,
Fountain Valley, California; Michael Koren, MD (Principal In-
vestigator), Frank Sanchez, MD, and Candy Ledbetter, Jackson-
ville, Florida; William Lanzer, MD (Principal Investigator), and
Patty Winslow, Seattle, Washington; Michael Lekawa, MD
(Principal Investigaror), Larry S. Deutsch, MD, and Susan
Leiman, Orange, California; Paul A. Lotke, MD (Principal Inves-
tigator), William Richie, MD, and Jane Kim, Philadelphia, Penn-
sylvania; Terence J. Matthews, MD (Principal Investigator), and
Andrea Zimmerman, Fort Lauderdale, Florida; Thomas McCoy,
MD (Principal Investigator), and Janice High, Charlotte, North
Carolina; Leon Mead, MD (Principal Investigator), Robert J.
Merli, MD, and Bonnita Woodard, Naples, Florida; Geno Merli,
MD (Principal Investigator), Kevin Sullivan, MD, and Theresa
Smith, Philadelphia, Pennsylvania; Wesley Mesko, MD (Princi-
pal Investigaror), and Kathy Bosma, Lansing, Michigan; S. Cur-
tiss Mull, MD (Principal Investigator), John Mathis, MD, and
Priscilla Jones, Salem, Virginia; James E. Muntz, MD (Principal
Investigator), and Sharon Reeves, Houston, Texas; William J.
Navigato, MD (Principal Investigator), and Joyce Stockwell, Riv-
erside, California; Jill Ohar, MD (Principal Investigator), and
Karen Franke, St. Louis, Missouri; Guy Paiement, MD (Principal
Investigator), and Andra Davidson, San Francisco, California;
John Papilion, MD (Principal Investigator), and Tammy Nash,
Aurora, Colorado; Paul Peters, MD (Principal Investigator), and
Lucy Smith, Dallas, Texas; Wayne Pisesky, MD (Principal Inves-
tigator), Gary Kindrachuk, MD, and Judith Huff, Kelowna, Brit-
ish Columbia, Canada; David Puskas, MD (Principal Investiga-
tor), Don Henderson, MD, and Sandra Stoger, Thunder Bay,
Ontario, Canada; Richard Rhodes, MD (Principal Investigator),
and Trish Hardee, South Daytona, Florida; Mark Richardson,
MD (Principal Investigator), and Qintain Zheng, Lackland AFB,
Texas; Hubert Riegler, MD (Principal Investigator), Daniel Wop-
perer, MD, and Mike Neracker, Rochester, New York; Marc
Rodger, MD (Principal Investigator), G. DiPrimio, MD, and Syl-
via Cartier, Ottawa, Ontario, Canada; Ronald R. Romanelli,
MD (Principal Investigator), and Diane Drew, Springfield, Illi-
nois; Vir Sennik, MD (Principal Investigator), A. Ahmad, MD,

Annals of Internal Medicine [ Volume ¢ Number |E-655




and Heather Hink, Mississauga, Ontario, Canada; Dilip Shah,
MD (Principal Investigator), and Joyce Stockwell, Pomona, Cal-
ifornia; Sami Srour, MD (Principal Investigator), and Denise
Dawkins, Bakersfield, California; Randall Suarez, MD (Principal
Investigator), Michael Brannan, MD, Mark Rogers, MD, and
Rebecca Donze, Greer, South Carolina; Linda Vickars, MD
(Principal Investigator), Patricia Chipperfield, MD, Phil Harri-
sons, MD, and Dana Michaels, Vancouver, British Columbia,
Canada; Larence Walker, MD (Principal Investigator), and Joyce
Stockwell, San Bernardino, California; Phillip Wells, MD (Prin-
cipal Investigator), Jose Aquino, MD, and Rosemary Larose, Ot-
tawa, Ontario, Canada; Richard White, MD (Principal Investiga-
tor), Daniel Link, MD, and Rosemary Larose, Ottawa, Ontario,
Canada; Richard White, MD (Principal Investigator), Daniel
Link, MD, and Megan Ingram, Sacramento, California; Gregory
Wise, MD (Principal Investigator), Theodore Miller, MD, and
Beth Brendel, Kettering, Ohio; Paul Woody, MD (Principal In-
vestigator), Stephan Moreland, MD, and Katheryn Smith, En-
cinitas, California; Arnold Yashar, MD (Principal Investigator),
John Sunderland, MD, and Geri Colvin, Louisville, Kentucky;
Richard Zarnett, MD (Principal Investigator), and Kim Gray,
North York, Ontario, Canada.

Current Author Addresses: Dr. Francis: Hematology/Oncology Unit,
Department of Medicine, University of Rochester Medical Center, Box
610, 601 Elmwood Avenue, Rochester, NY 14642.

Dr. Davidson: University of Washington School of Medicine and Swed-
ish Medical Center, 801 Broadway, Suite 915, Seattle, WA 98122.

Annals of Internal Medicine [ Volume ¢ Number

E-656 |

Dr. Berkowitz, Ms. Webster, Mr. Whipple, and Dr. Peters: DCC2,
1800 Concord Pike, Wilmington, DE 19850.

Dr. Lotke: University of Pennsylvania, 3400 Spruce Street, Philadelphia,
PA 19104.

Dr. Ginsberg: McMaster University Medical Centre, Room 3X28, 1200
Main Street West, Hamilton, Ontario L87 3Z5, Canada.

Dr. Lieberman: UCLA Medical Center, University of California, Los
Angeles, 10833 Le Conte Avenue, Los Angeles, CA 90095.

Dr. Colwell: Scripps Clinic, 10666 North Torrey Pines, La Jolla, CA
92037.

Author Contributions: Conception and design: C.W. Francis, B.L. Da-
vidson, P.A. Lotke, ].S. Ginsberg, J.P. Whipple, G.R. Peters, C.W. Col-
well Jr.

Analysis and interpretation of the data: C.W. Francis, B.L. Davidson,
S.D. Berkowitz, P.A. Lotke, ].S. Ginsberg, J.R. Lieberman, J.P.
Whipple, G.R. Peters, C.W. Colwell Jr.

Drafting of the article: C.W. Francis, B.L. Davidson, S.D. Berkowitz,
P.A. Lotke, J.S. Ginsberg, G.R. Peters.

Critical revision of the article for important intellectual content: C.W.
Francis, B.L. Davidson, S.D. Berkowitz, P.A. Lotke, J.R. Lieberman,
G.R. Peters, C.W. Colwell Jr.

Final approval of the article: C.W. Francis, B.L. Davidson, P.A. Lotke,
J.S. Ginsberg, J.R. Lieberman, G.R. Peters, C.W. Colwell Jr.

Provision of study materials or patients: B.L. Davidson, P.A. Lotke.
Statistical expertise: B.L. Davidson, J.P. Whipple.

Obrtaining of funding: G.R. Peters.

Administrative, technical, or logistic support: B.L. Davidson, A.K. Web-
ster, G.R. Peters.

Collection and assembly of data: B.L. Davidson, S.D. Berkowitz, G.R.
Peters.

www.annals.org



