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BACKGROUND: The FDA-approved dose of low-
molecular-weight heparin (LMWH) may not provide
adequate thromboprophylaxis in morbidly obese patients
after total knee arthroplasty (TKA). Suboptimal dosing,
delayed initiation, and overreliance on mechanical methods
may also limit the effectiveness of thromboprophylaxis.

OBJECTIVE: We explored the associations between the
type of thromboprophylaxis, obesity, time of mobilization,
and undergoing bilateral TKA on development of
symptomatic venous thromboembolism (VTE) after TKA.

DESIGN/SETTING/PATIENTS: This was a case-control
study of patients undergoing TKA in 15 teaching hospitals
between October 2008 and March 2010. Cases were
screened using the Agency for Healthcare Research and
Quality’s Patient Safety Indicator 12 and had objectively
documented acute VTE within 9 days of surgery; controls
were randomly selected from the same hospital.
Multivariable logistic regression was used to analyze risk
factors for postoperative VTE, adjusted for age and gender.

RESULTS: Among 130 cases with and 463 controls without
acute VTE, body mass index (BMI) ranged from 17 to 61
(median ¼ 34). Thromboprophylaxis was LMWH in 284
(48%), warfarin in 189 (32%), both in 55 (10%), and
mechanical prophylaxis alone in 120 (20%). Overall, 77%
ambulated on day 1 or 2 after surgery. Factors significantly
associated with VTE were bilateral simultaneous TKA (odds
ratio [OR] ¼ 4.2; 95% confidence interval [CI]: 1.9–9.1),
receipt of FDA-approved pharmacological prophylaxis (OR
¼ 0.5; 95% CI: 0.3–0.8), and ambulation by postoperative
day 2 (OR ¼ 0.3; 95% CI: 0.1–0.9). Obesity was neither a
significant confounder nor a modifier of these effects.

CONCLUSIONS: Severe obesity was not a significant
independent predictor for VTE and did not modify the
beneficial effect of FDA-approved pharmacological
thromboprophylaxis. Bilateral TKA and failure to ambulate
by the second day after surgery were significant risk
factors. Journal of Hospital Medicine 2012;7:665–671.
VC 2012 Society of Hospital Medicine

Symptomatic venous thromboembolism (VTE) is a
common complication following total knee arthro-
plasty (TKA).1–7 In fact, the high incidence of throm-
bosis after TKA has made this operation the principal
condition used to study the efficacy of new anticoagu-
lants, and it is a principal target of quality improve-
ment oversight and measurement.8 The Agency for
Healthcare Research and Quality (AHRQ) has devel-
oped a Patient Safety Indicator (PSI-12) to assist hos-
pitals, payers, and other stakeholders identify patients
who experienced VTE after major surgery. The Cen-
ters for Medicare * Medicaid Services has deemed
that because a VTE that develops after TKA is

‘‘potentially preventable,’’ it withholds the additional
payment for this complication.9

Prior the introduction of new oral anticoagulants,
most guidelines from North America recommended
the use of postoperative low-molecular-weight heparin
(LMWH), fondaparinux, or warfarin for at least 10
days after TKA.2,10 However, there is some ongoing
controversy about whether pharmacological prophy-
laxis is necessary after total joint replacement surgery,
and whether it is effective in preventing pulmonary
embolism.11–14 In addition, there is controversy
regarding the effectiveness of mechanical prophylaxis
alone as a means of preventing VTE.2,4,14,15

Pharmacological thromboprophylaxis using LMWH
or fondaparinux calls for using a fixed-dose that does
not depend on the patient’s weight or body mass index
(BMI). This stands in sharp contrast to the consistent
recommendation to use weight-based dosing of
LMWH/fondaparinux in patients who have acute
VTE.16 The absence of any adjustment in the dose of
thromboprophylaxis based on weight may be particu-
larly important after TKA because the majority of these
patients are obese or extremely obese,17–19 making the
dose of LMWH/fondaparinux potentially insufficient. It
is noteworthy that surgeons who perform bariatric
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surgery currently recommend a higher dose of LMWH,
usually 40 mg of enoxaparin every 12 hours.20,21

We conducted this case-control study to address 3
hypotheses. First, we hypothesized that use of stand-
ard pharmacologic thromboprophylaxis drugs is asso-
ciated with a lower risk of acute VTE compared with
mechanical prophylaxis alone. Second, we hypothe-
sized that among patients given LMWH/fondapari-
nux, excessive obesity (BMI >35) is associated with a
higher risk of developing VTE. Third, based on prior
studies that identified immobilization as a risk factor
for VTE, we hypothesized that delayed ambulation
after TKA is associated with higher risk for VTE.

METHODS
Study Design

The University of California Davis, in partnership
with the University HealthSystem Consortium (UHC),
conducted a retrospective case-control study of risk
factors for acute symptomatic VTE within 90 days
following TKA. Fifteen volunteer hospitals nationwide
agreed to abstract medical records of up to 40
sampled cases or controls. Inclusion criteria were
admission between October 1, 2008 and March 31,
2010; presence of a principal International Classifica-
tion of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM) procedure code of 81.54 or 81.55; and
age 40 years or more. Patients with a pregnancy-
related principal diagnosis (Major Diagnostic Cate-
gory 14) or inferior vena cava interruption on or
before the date of the first operating room procedure
were excluded.

Cases were defined as having: a) one or more sec-
ondary diagnosis codes for acute VTE, as defined by
AHRQ PSI-12, version 4.1 (415.11, 415.19, 451.11,
451.19, 451.2, 451.81, 451.9, 453.40–453.42, 453.8,
453.9), coupled with a ‘‘present-on-admission’’ flag of
‘‘no’’ (POA ¼ N); or b) were readmitted with a prin-
cipal diagnosis of VTE (same codes) within 90 days of
the date of surgery. A probability sample of VTE
cases (up to a maximum of 20), and 20 eligible TKA
patients who did not develop acute VTE during the
index hospitalization or within 90 days of surgery,
were randomly selected for abstraction. Only 1 case
flagged by the PSI algorithm was excluded because
VTE could not be confirmed by abstraction.

Chart Abstraction

A chart abstraction tool was constructed and person-
nel at each site were taught how to obtain the desired
information. Data elements included age, gender,
height and weight, and type of TKA (unilateral, bilat-
eral, or revision). BMI was calculated and categorized
as severely obese (World Health Organization [WHO]
class II or more, BMI �35) versus not severely obese
(BMI <35), and as morbidly obese (WHO class III,
BMI >40) or not morbidly obese (<40). Information
about use of pharmacologic (LMWH, fondaparinux,

or warfarin) and mechanical thromboprophylaxis was
collected and classified as follows. First, the type of
prophylaxis was categorized as: (1) LMWH (enoxa-
parin, dalteparin)/fondaparinux with or without me-
chanical prophylaxis (pneumatic compression devices,
graduated compression stockings, or foot pump); (2)
warfarin alone, with or without mechanical prophy-
laxis; (3) LMWH/fondaparinux and warfarin with or
without mechanical pharmacologic prophylaxis; (4)
mechanical prophylaxis alone (without any pharmaco-
logical prophylaxis but with or without aspirin); and
(5) aspirin only, without any other pharmacologic or
mechanical prophylaxis. Second, patients who
received LMWH, fondaparinux, or warfarin pharma-
cologic prophylaxis were further classified as receiving
‘‘FDA-approved pharmacologic prophylaxis’’ or
‘‘other prophylaxis.’’ The criteria for FDA-approved
pharmacologic prophylaxis were receipt of the recom-
mended dose at the recommended starting time (per
package insert), either before or after surgery, and
continued administration until at least the day of hos-
pital discharge, consistent with the 2008 American
College of Chest Physicians (ACCP) guidelines for pre-
vention of VTE in orthopedic patients.2 For warfarin,
FDA-approved dosing required a starting dose of 2–
10 mg per day beginning either preoperatively or on
the evening after surgery, and given daily thereafter,
targeting an international normalized ratio (INR) of
2.0–3.0. No patient received aspirin alone for prophy-
laxis. In the analysis of risk factors for VTE, the effect
of FDA-approved pharmacologic prophylaxis was
compared against other pharmacologic prophylaxis or
mechanical prophylaxis alone. Time of ambulation
was defined as ‘‘early’’ if it occurred on or before the
second postoperative day, ‘‘late’’ if it occurred after
the second postoperative day, or ‘‘none’’ if the patient
did not ambulate before discharge.

Outcomes

The principal outcome was validated symptomatic
objectively confirmed VTE, manifested as either pul-
monary embolism (PE) or lower extremity deep vein
thrombosis (DVT) or both. Patients who were diag-
nosed with VTE on the day of surgery or the day after
surgery were not included in the principal analysis,
reasoning that postoperative prophylaxis started 12–
24 hours after surgery is unlikely to prevent early
VTE events. In a secondary sensitivity analysis, the
effect of including these early postoperative VTE
events on the estimated risk was determined.

Statistical Analysis

For continuous variables, bivariate comparisons were
made with the use of Student t test. For categorical
variables, we applied the chi-square test and estimated
unadjusted odds ratios (ORs) and Cornfield’s 95%
confidence intervals (CIs). We specifically analyzed
whether gender, age, type of TKA, race/ethnicity,
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primary payer, severe or morbid obesity, postopera-
tive ambulation, personal or family history of VTE,
and comorbid conditions were associated with the de-
velopment of any VTE, DVT, or PE.

Multivariable models were developed using logistic
regression. In addition to age and gender, other terms
included receipt of FDA-approved pharmacologic pro-
phylaxis, degree of obesity (severe if BMI >35, mor-
bid if BMI >40), type of TKA (unilateral vs bilateral)
and early versus late versus no ambulation. A patient
was considered receiving FDA-approved pharmaco-
logic prophylaxis if the first postoperative dose and
the last postoperative dose before discharge of
LMWH, fondaparinux, or warfarin were given based
on the recommended time and dose. Two-way interac-
tions between FDA-approved pharmacologic prophy-
laxis and extent of obesity were tested, as well as
interactions between LMWH/fondaparinux prophy-
laxis and extent of obesity. We adjusted all of the
point estimates and confidence intervals for the corre-
lation of data within each hospital by using the
STRATA option in SAS; statistical analyses were per-
formed using the SAS-PC program, SAS 9.2 (SAS
Institute, Inc, Cary, NC).

RESULTS
A total of 593 TKA records were abstracted by the 15
participating hospitals. All patients underwent TKA
on the day of admission or the day after admission. A
total of 16 cases (12 PE and 4 DVT) were diagnosed
with VTE on the day of surgery, or the day after sur-
gery, and were deemed nonpreventable in the multi-
variable analysis. There were 114 additional cases
with VTE (44 PE, 68 DVT, 2 both) diagnosed 2 or
more days after surgery, and 463 controls that had no
VTE diagnosed by the index hospital within 90 days
after surgery.

In bivariate analyses (Table 1), the mean age of
cases was significantly greater for controls (65.5 6

10.4 vs 63.5 6 10.4, P < 0.05). More cases under-
went bilateral simultaneous TKA compared with con-
trols (23% vs 7%, P < 0.001). The mean BMI was
marginally higher among VTE cases than among con-
trols (34.6 6 8.0 vs 33.3 6 7.1, P ¼ 0.07). Among
cases with PE, a significantly greater percentage were
morbidly obese than among controls (30% vs 16%, P
value ¼ 0.01), whereas there was not a difference for
the DVT cases.

Fewer VTE cases began ambulation on or before the
second postoperative day compared with controls
(47% vs 73%, P < 0.001). There was no difference in
the number or types of comorbidities between cases
and controls. All patients received at least 1 type of
pharmacologic or mechanical prophylaxis within the
first 24 hours after TKA. Although the difference was
not statistically significant, controls had marginally
higher odds of receiving FDA-approved pharmacologic
prophylaxis than cases (P ¼ 0.07; Table 2). Table 3

presents the criterion that led to 242 cases not meeting
the definition of FDA-approved pharmacologic prophy-
laxis definition. Administering a suboptimal dose was
the most common reason. Also, about half of the
patients received only mechanical prophylaxis.

In the primary multivariable analysis (Table 4), nei-
ther age, gender, nor obesity (defined as BMI >30,
BMI >35, or BMI >40) was a significant predictor of
VTE. Undergoing bilateral simultaneous TKA versus
unilateral TKA was associated with higher risk of
VTE (OR ¼ 4.2; 95% CI: 1.90–9.10), whereas early
ambulation on or before the second postoperative day
versus later (OR ¼ 0.30; 95% CI: 0.10–0.90). Receiv-
ing FDA-approved pharmacologic prophylaxis (right
dose and time described in Table 4) versus any other
prophylaxis regimen was adversely associated with
VTE (OR ¼ 0.50; 95% CI: 0.30–0.80, P ¼ 0.01).
There was no significant effect of receipt of FDA-
approved pharmacologic prophylaxis on being diag-
nosed with VTE among the cases that were severely
or morbidly obese (P for interaction ¼ 0.92). In a sec-
ondary analysis, the adjusted odds of being diagnosed
with VTE were not significantly different for severely
(OR ¼ 0.9; CI 0.53–1.5) or morbidly obese (OR ¼
1.5; CI 0.80–2.80) patients.

In a sensitivity analysis, we did not find any signifi-
cant changes in the results when the 12 cases that
developed VTE on the day of, or day after, TKA were
included.

DISCUSSION
Venous thromboembolism is a frequent and poten-
tially serious complication following TKA. In popula-
tion-based studies that report the number of patients
who develop symptomatic acute VTE, the incidence is
approximately 2.0%–2.5%.3,22–24 Thromboprophy-
laxis reduces the risk of developing asymptomatic
VTE by more than 60%, and pharmacologic prophy-
laxis using LMWH, fondaparinux, or warfarin alone
is recommended by the ACCP and other organiza-
tions, with use of mechanical pneumatic compression,
low-dose unfractionated heparin, or aspirin as alterna-
tive options.25 Nevertheless, because extremely obese
patients are not commonly enrolled in clinical trials
and because current guidelines do not recommend any
adjustment in the dose of LMWH or fondaparinux
based on weight, we hypothesized that LMWH/fonda-
parinux would be significantly less effective in severely
or morbidly obese patients. We also hypothesized that
pharmacologic prophylaxis would be superior to me-
chanical prophylaxis alone,26 and that delayed ambu-
lation after TKA would be associated with a higher
risk of developing VTE.

Two widely cited clinical guidelines that pertain to
prophylaxis of venous thromboembolism after total
knee arthroplasty are the ACCP guidelines2 and the
American Academy of Orthopedic Surgeons (AAOS)
guidelines.27 Although we acknowledge that there are
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differences in these and other guidelines, recommenda-
tions and quality measures,13,28,29 the aim of the cur-
rent study was not to evaluate or compare specific
guidelines. We simply classified the thromboprophy-
laxis regimens into logical groups, the 2 most
frequent being use of LMWH/fondaparinux
(6mechanical) and mechanical prophylaxis alone,
and then performed the case-control analysis. We fol-
lowed FDA-approved labeling to assess whether

pharmacologic therapy was provided at the proper
dose in the proper time period.

A principal finding of this study was that FDA-
approved pharmacologic prophylaxis using LMWH,
fondaparinux, or warfarin, was associated with signif-
icantly lower odds of developing VTE compared to all
other prophylaxis regimens.

When the effect of FDA-approved pharmacologic
prophylaxis was analyzed in severely or morbidly

TABLE 1. Results of Bivariate Analysis of Clinical and Demographic Variables in Relation to Case (VTE) or Control
(no VTE) Status After TKA

Variable VTE n ¼ 130 (%) No VTE n ¼ 463 (%) Total N ¼ 593 (%)

Gender Male 45 (34) 175 (38) 220 (37)
Female 85 288 373

Age (y)* Mean 65.5 63.5 63.9
Standard deviation 10.4 10.4 10.5

LOS (d)* Mean 6.1 3.4 4.0
Standard deviation 4.7 1.5 2.8

Type of TKR† Primary TKR-unilateral 100 (76) 425 (92) 525 (89)
Primary TKR-bilateral 29 (23) 35 (7) 64 (11)
Revision for mechanical problem 1 (1) 3 (1) 4 (1)

Race African American 25 (19) 80 (17) 105 (18)
Asian 4 (3) 8 (2) 12 (2)
White 91 (70) 337 (73) 428 (72)
Hispanic 7 (5) 28 (6) 35 (6)
Unknown/others 5 (4) 18 (4) 23 (4)

Primary payer Uninsured/self-pay 2 (1) 2 (<1) 4 (1)
Medicaid/managed care 11 (8) 40 (7) 51 (9)
Medicare/managed care 66 (52) 220 (47) 286 (48)
Private 44 (34) 156 (34) 200 (34)
US/state/local government 1 (1) 5 (1) 6 (1)
Others/unknown 6 (4) 40 (8) 46 (8)

BMI Mean 34.6 33.3 33.6
Standard deviation 8.0 7.1 7.3

Obesity BMI
�30 51 (38) 172 (37) 223 (38)
30 to �35 29 (22) 122 (26) 151 (25)
35 to �40 21 (18) 95 (20) 116 (20)
>40 29 (22) 74 (16) 103 (17)

Ambulation Taking steps with or without walker
(day 1 or 2 after surgery)

62 (47) 340 (73) 402 (77)

Taking steps with or without walker
(day 3 or more after surgery)

58 (45) 106 (23) 164 (28)

Weight bearing only or no ambulation predischarge 10 (8) 17 (4) 27 (5)
No. of days from surgery to taking steps Mean 2.0 1.3 1.45

Standard deviation 2.3 0.7 1.4
Comorbidities/risk factors Diabetes 30 (22) 99 (22) 129 (22)

Hypertension 90 (70) 313 (67) 403 (68)
History of malignancy 9 (8) 54 (11) 63 (11)
Current neoplasm 4 (3) 9 (2) 13 (2)
Documented history/risk of bleeding or hematoma 3 (2) 7 (2) 10 (2)
History of any other surgery 1 (1) 1 (<1) 2 (<1)
Baseline inability to ambulate without assistance

from staff
0 3 (1) 3 (<1)

Trauma, head trauma, new fractures 0 0 0
Current use of oral contraceptive or system estrogen 0 8 (2) 8 (1)
Past stroke/CVA with residual weakness 1 (1) 7 (2) 8 (1)
Prior history of DVT 6 (5) 20 (4) 26 (4)
Prior history of PE 2 (2) 11 (2) 13 (2)
Family history of VTE 0 5 (1) 5 (1)
Known thrombophilia 0 1 (<1) 1 (<1)
None of the above 33 (25) 96 (21) 129 (22)

Abbreviations: BMI, body mass index; CVA, cerebrovascular accident; DVT, deep vein thrombosis; LOS, length of stay; PE, pulmonary embolism; TKA, total knee arthroplasty; TKR, total knee replacement; VTE, venous throm-
boembolism. *P value between VTE and no VTE, <0.05. †P value between VTE and no VTE groups, <0.001.
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obese patients versus less obese patients, there was
no significant difference in the risk of VTE across
the BMI levels that were compared. Further, among
the patients whose pharmacologic prophylaxis was
LMWH or fondaparinux, severe or morbid obesity
was not associated with significantly higher odds of
developing VTE. Although it is logical to think that
heavier patients require a larger dose of LMWH or
fondaparinux, the findings of this study suggest that
current FDA-approved doses of these drugs are
adequate even in morbidly obese patients.

Two other findings were noteworthy. First, early
mobilization with active ambulation in the first 2 days
after TKA was strongly associated with lower odds of

developing VTE. This finding is similar to the report
by Chandrasekaran et al that sitting out of bed or
walking for at least 15–30 minutes twice a day on the
first postoperative day after TKA significantly reduced
the incidence of thromboembolic complications (OR
¼ 0.35; 95% CI: 0.11, 1.03, P ¼ 0.03) compared
those confined to bed.22,30 In our study, the beneficial
effect of mobilization disappeared if ambulation com-
menced on day 3 or later after surgery. This finding
emphasizes the importance of early mobilization in
prevention of VTE, as has been reported after total
hip arthroplasty.31

The other important finding was that bilateral si-
multaneous TKA was strongly associated with VTE,
with over 4-fold greater odds of developing VTE com-
pared with unilateral TKA. This effect did not disap-
pear when we adjusted for obesity or the time to mo-
bilization. This finding was not unexpected and is
consistent with other reports in the literature showing
a higher incidence of VTE after bilateral TKA com-
pared with unilateral TKA.32–35

This study has several limitations. We were unable
to ascertain postdischarge VTE unless a patient was
readmitted to the same hospital. It has been reported
that between 35% to 45% of postoperative VTEs
occur after hospital discharge,22,23 and some of these
complications are treated at other institutions or in
the outpatient arena.36 Second, it has been shown that
hospital volume and hospital specialization are associ-
ated with the incidence of VTE after TKA proce-
dures.37,38 To minimize the risk of confounding by
hospital characteristics, we conditioned our analysis
on hospital and adjusted for the clustering effect of
hospitals. Third, all data were collected by individuals
employed by and working at the participating hospi-
tals, with no mechanism for duplicate abstraction to
ensure reliability. Fourth, only teaching hospitals par-
ticipated in this study. Adherence to guidelines and
use of prophylaxis may be higher at teaching hospitals

TABLE 3. Patients Who Did Not Receive
FDA-Approved Pharmacologic Prophylaxis
Based on the FDA-Approved Labeling for Proper
Dose, Timing, and Duration

Prophylaxis Status

Cases and Controls Who Did Not Receive

FDA-Approved Pharmacologic Prophylaxis

(N ¼ 242)

Received FDA-approved pharmacologic
prophylaxis but did not meet
FDA-approved proper dose, timing,
and duration

Variable n*
118 (49%) Wrong dose† 87

Dose not within the
recommended time window‡

17

Not continued at discharge 50
Received no pharmacologic

prophylaxis (only mechanical)
124 (51%)

Abbreviations: FDA, US Food and Drug Administration. * Numbers are not mutually exclusive. †Wrong dose
if did not meet FDA-recommended dose: First post-op dose of enoxaparin was 30 mg per 12 hours, or last
post-op dose before discharge was 30 mg per 12 hours, or 40 mg per day; or first post-op dose of fonda-
parinux was 2.5 mg per day; or first post-op dose of warfarin was 2–10 mg per day; or first post-op dose of
dalteparin was 2500 mg per 12 hours. ‡Wrong time window if did not meet FDA-recommended timing: First
post-op dose of enoxaparin was given between 720 and 1440 minutes postsurgery; or first post-op dose of
fondaparinux was given less than or equal to 480 minutes postsurgery; or first post-op dose of warfarin was
given between 0 and 720 minutes postsurgery; or first post-op dose of dalteparin was given between 240
and 360 minutes postsurgery

TABLE 4. Results of Multivariable (Conditional Logit)
Analysis of Factors Associated With
Thromboembolism After TKA

Variable Odds Ratio P Value

Older age 1.02 (0.99–1.05) 0.20
Female gender 1.70 (0.9–2.9) 0.90
BMI over 35 (vs 35 or less) 0.9 (0.5–1.6) 0.66
Bilateral TKA (vs unilateral TKA) 4.2 (1.9–9.1) 0.0004
Receiving FDA-approved pharmacologic

prophylaxis* vs mechanical
0.5 (0.3–0.8) 0.01

Ambulation on or before second
postoperative day

0.3 (0.1–0.9) 0.005

Abbreviations: BMI, body mass index; FDA, US Food and Drug Administration; TKA, total knee arthroplasty.
* If the first post-op dose of enoxaparin was given between 720 and 1440 minutes postsurgery, or the first
post-op dose of enoxaparin was 30 mg per 12 hours, or last post-op dose before discharge was 30 mg per
12 hours or 40 mg per day; or the first post-op dose of fondaparinux was given less than or equal to 480
minutes postsurgery, or the first post-op dose of fondaparinux was 2.5 mg per day; or the first post-op dose
of dalteparin was 2500 mg per 12 hours, or the first post-op dose of dalteparin was given between 240 and
360 minutes postsurgery; or the first post-op dose of warfarin was given between 0 and 720 minutes post-
surgery, or the first post-op dose of warfarin was 2–10 mg per day.

TABLE 2. Pharmacological and Nonpharmacological
Prophylaxis, and FDA-Approved Pharmacologic vs
All Other Prophylaxis, in TKA Cases With
Thromboembolism and TKA Controls Without
Thromboembolism

Thromboprophylaxis

Thromboembolism

VTE ¼ Yes

n ¼ 130 (%)

VTE ¼ No

n ¼ 463 (%)

Pharmacologic prophylaxis
LMWH/fondaparinux 61 (46) 223 (48)
Warfarin alone (no LMWH)* 44 (33) 145 (31)
None 25 (19) 95 (20)

Nonpharmacologic prophylaxis
Intermittent pneumatic compression or graduated
compression stockings/foot pump

27 (21) 93 (20)

FDA-approved pharmacologic prophylaxis
LWMH/fondaparinux/warfarin prophylaxis 67 (48) 284 (61)

No FDA-approved pharmacologic prophylaxis
Suboptimal pharmacologic or mechanical prophylaxis 63 (52) 179 (39)

NOTE: Numbers are mutually exclusive within each column. Abbreviations: FDA, US Food and Drug
Administration; LWMH, low-molecular-weight heparin; TKA, total knee arthroplasty; VTE, venous
thromboembolism. * There was no case of aspirin alone in our sample.
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than at nonteaching hospitals.39 As a result, our
sample may have less variation than the general popu-
lation of TKA patients, limiting our power to detect
associations between thromboprophylaxis and VTE.
Finally, the case-control design has inherent limita-
tions in detecting causal associations, largely due to
its susceptibility to unmeasured confounders and
incorrect ascertainment of pre-outcome exposures. To
avoid the latter problem, we excluded VTEs that were
diagnosed on the date of surgery, before prophylaxis
is routinely started.

Despite these limitations, our findings suggest that
there may be opportunities to prevent postoperative
VTE, even among high-risk patients at teaching hospi-
tals that have achieved 100% compliance with The
Joint Commission’s Surgical Care Improvement Pro-
ject process measures.40,41 Specifically, delivery of
FDA-approved pharmacologic prophylaxis (vs me-
chanical prophylaxis alone) and early ambulation (vs
later) may further decrease the risk of postoperative
VTE. These hypotheses merit further testing in
randomized controlled trials or cluster-randomized
quality improvement trials. Patients should be
informed of the increased risk of VTE after bilateral
TKA, although this additional risk may be outweighed
by a reduction in the cumulative recovery time and a
lower cumulative risk of developing a prosthetic joint
infection.42,43 Finally, AHRQ’s PSI-12 appears to be a
useful tool for ascertaining VTE cases and identifying
potential opportunities for improvement, when the
‘‘present-on-admission’’ status is also available.

Disclosure: Nothing to report.
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