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Background: Current guidelines recommend low-molecular-weight heparin for thromboprophylaxis after orthopaedic
trauma. However, recent evidence suggests that aspirin is similar in efficacy and safety. To understand patients’ expe-
riences with these medications, we compared patients’ satisfaction and out-of-pocket costs after thromboprophylaxis
with aspirin versus low-molecular-weight heparin.

Methods: This study was a secondary analysis of the PREVENTion of CLots in Orthopaedic Trauma (PREVENT CLOT) trial,
conducted at 21 trauma centers in the U.S. and Canada. We included adult patients with an operatively treated extremity
fracture or a pelvic or acetabular fracture. Patients were randomly assigned to receive 30 mg of low-molecular-weight
heparin (enoxaparin) twice daily or 81 mg of aspirin twice daily for thromboprophylaxis. The duration of the thrombopro-
phylaxis, including post-discharge prescription, was based on hospital protocols. The study outcomes included patient
satisfaction with and out-of-pocket costs for their thromboprophylactic medication measured on ordinal scales.

Results: The trial enrolled 12,211 patients (mean age and standard deviation [SD], 45 ± 18 years; 62% male), 9725
of whom completed the question regarding their satisfaction with the medication and 6723 of whom reported their out-
of-pocket costs. The odds of greater satisfaction were 2.6 times higher for patients assigned to aspirin than those
assigned to low-molecular-weight heparin (odds ratio [OR]: 2.59; 95% confidence interval [CI]: 2.39 to 2.80; p < 0.001).
Overall, the odds of incurring any out-of-pocket costs for thromboprophylaxis medication were 51% higher for patients
assigned to aspirin compared with low-molecular-weight heparin (OR: 1.51; 95% CI: 1.37 to 1.66; p < 0.001). However,
patients assigned to aspirin had substantially lower odds of out-of-pocket costs of at least $25 (OR: 0.15; 95% CI: 0.12
to 0.18; p < 0.001).

Conclusions: Use of aspirin substantially improved patients’ satisfaction with their medication after orthopaedic
trauma. While aspirin use increased the odds of incurring any out-of-pocket costs, it protected against costs of ‡$25,
potentially improving health equity for thromboprophylaxis.

Level of Evidence: Therapeutic Level II. See Instructions for Authors for a complete description of levels of evidence.
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V
enous thromboembolism remains a common and
potentially fatal complication following orthopae-
dic trauma1-4. Current guidelines recommend inject-

able low-molecular-weight heparin as chemoprophylaxis for
patients with many fracture types5-8. However, research sug-
gests that prescribed doses of injectable drugs are more likely
than oral medications to be not administered by health-care
providers to hospitalized patients, with non-administration
usually due to patient refusal9,10. Furthermore, research has
demonstrated that patients who have sustained a fracture
strongly prefer oral thromboprophylactic medications over
subcutaneous injection11. Patients are also sensitive to costs of
medications that are assumed to provide similar protection
against thromboembolic events11.

A recent randomized clinical trial of >12,000 patients
found thromboprophylaxis with aspirin to be non-inferior
to low-molecular-weight heparin for preventing fatal events
following orthopaedic trauma12. The pulmonary embolism
rates did not differ between treatment groups, and a similar
between-group safety profile was observed. Low-molecular-
weight heparin conferred a modest benefit against only distal
deep vein thrombosis. A secondary aim of the trial was to
compare aspirin and low-molecular-weight heparin with re-
gard to the patients’ satisfaction with the medication and their
out-of-pocket costs.

Understanding the patient’s experience with these com-
monly prescribed thromboprophylactic medications is essential
to providing care responsive to patient preferences. In this sec-
ondary analysis of a randomized trial, we hypothesized that
patients would have greater satisfaction and lower out-of-pocket
costs with aspirin thromboprophylaxis than with low-molecular-
weight heparin. We also sought to determine if the effect of the
prescribed thromboprophylaxis on medication satisfaction and
out-of-pocket costs differed based on the patient’s type of health
insurance.

Materials and Methods
Study Design

This study was a secondary analysis of the PREVENTion of
CLots in Orthopaedic Trauma (PREVENT CLOT) ran-

domized clinical trial performed at 21 trauma centers in the
U.S. and Canada13. Patients were enrolled from April 2017
through August 2021. The primary trial was registered with
ClinicalTrials.gov (NCT02984384) and was co-led by the
University of Maryland School of Medicine’s Department of
Orthopaedics and the Major Extremity Trauma Research
Consortium (METRC) Coordinating Center. The assessment
of our study outcomes was prespecified in the trial protocol.
The study was approved by the research ethics boards at the
Coordinating Center and participating sites. In addition, we
obtained informed consent from all study participants before
enrollment.

Study Participants
The trial included adult patients with an operatively treated
extremity fracture or a pelvic or acetabular fracture treated

either operatively or nonoperatively. We excluded patients who
presented to the hospital >48 hours after injury and those who
had received ‡3 doses of thromboprophylaxis before enroll-
ment. The full eligibility criteria are available in Appendix A.

Study Interventions
Patients were randomly allocated to receive aspirin or low-
molecular-weight heparin thromboprophylaxis in a 1:1 ratio.
The trial protocol dictated prescription of a 30-mg dose of low-
molecular-weight heparin (enoxaparin) administered subcu-
taneously twice a day but permitted adjusted dosing for obese
patients, patients with renal disease, or other medical indica-
tions based on each site’s protocols. An 81-mg dose of aspirin
twice day was prescribed for the other treatment group. The
duration of prophylaxis was based on each hospital’s clinical
protocols, given the lack of consensus on the optimal dura-
tion6,8. The patient and the treating physician were aware of the
treatment allocation.

For a patient to be considered treatment-adherent, 2
conditions had to be met. First, the patient had to have received
at least 80% of their in-hospital study medication doses, al-
lowing inpatient doses to be missed if the medication was
temporarily stopped for surgery. Second, if the patient was
prescribed thromboprophylaxis on discharge, their allocated
study medication had to have been prescribed.

Study Outcomes
The 2 study outcomes for this secondary analysis were patient
satisfaction with the medication and out-of-pocket medica-
tion cost. Research personnel collected these outcome data as
part of routine study follow-up 90 days after randomization.
Satisfaction with the medication was measured using a single
question (“How satisfied or dissatisfied are you with your
blood clot prevention medication?”) from the modified ver-
sion of the Treatment Satisfaction Questionnaire for Medi-
cation (TSQM)14. The TSQM was modified based on patient
stakeholders’ feedback and developer input. Only 1 question
was used because scoring of the modified instrument has not
been validated. The patients answered using a 7-point Likert
scale ranging from “extremely dissatisfied” to “extremely sat-
isfied” (see Appendix B).

Patients were asked specifically about the direct out-of-
pocket cost for their thromboprophylactic medication, which
was not to include other out-of-pocket costs incurred as part of
their treatment. The data were self-reported by the patients at
their final follow-up visit (90 days after randomization) on a 7-
level ordinal scale, including “no out-of-pocket costs,” “<$25,”
“$25 to $50,” “$51 to $100,” “$101 to $500,” $501 to $1000,”
and “>$1000” (see Appendix C). The question was added as a
protocol amendment 9 months after initiating the primary
study based on feedback from our patient stakeholders and
after the enrollment of approximately 2000 patients.

Statistical Analysis
The trial’s overall sample size was determined based on the pri-
mary outcome of 90-day mortality13. However, for the analysis of
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the patients’ satisfaction with their thromboprophylactic
medication, we assumed that half of the respondents would be
at least “satisfied” based on previous studies15,16. With that
assumption, 9000 respondents provided >90% power to
detect a 15% change in the odds of increased satisfaction with
the medication with an alpha of 5%. For the medication cost
question, we assumed that 50% of the respondents would
have no out-of-pocket costs and 10% would have >$500 in
out-of-pocket costs. Therefore, 6000 respondents provided

80% power to detect a 15% difference in the odds of increased
medication costs with an alpha of 5%.

Our primary analysis followed the intention-to-treat ap-
proach. We initially intended to fit cumulative logit models to
compare the ordinal levels of patient satisfaction with the medi-
cation and out-of-pocket medication costs between treatment
groups using complete-case data. We assessed the proportional
odds assumption for these models with graphical summaries17.
The patient satisfaction with the medication model met this

TABLE I Characteristics of All Patients Enrolled in the Trial, Patients Who Answered the Medication Satisfaction Question, and Patients Who
Answered the Medication Cost Question*

Characteristic

Overall Study Group (N = 12,211)
Patients Answering Medication

Satisfaction Question (N = 9725)
Patients Answering Medication Cost

Question (N = 6723)

Aspirin
(N = 6101)

Low-Molecular-
Weight Heparin
(N = 6110)

Aspirin
(N = 4882)

Low-Molecular-
Weight Heparin
(N = 4843)

Aspirin
(N = 3608)

Low-Molecular-
Weight Heparin
(N = 3115)

Age† (yr) 44.5 ± 18.0 44.7 ± 17.6 44.4 ± 17.6 44.5 ± 17.2 44.5 ± 17.2 44.1 ± 16.7

Male sex‡ 3832 (62.8) 3769 (61.7) 3033 (62.1) 2962 (61.2) 2215 (61.4) 1879 (60.3)

Body mass index§ (kg/m2) 27.1 (23.6, 31.8) 27.5 (23.8, 32.8) 27.4 (23.8, 32.0) 27.8 (23.9, 33.1) 27.4 (23.9, 32.2) 28.0 (24.2, 33.0)

Risk factors‡

Previous VTE 43 (0.7) 46 (0.8) 32 (0.7) 40 (0.8) 25 (0.7) 26 (0.8)

Cancer 140 (2.3) 166 (2.7) 122 (2.5) 135 (2.8) 86 (2.4) 84 (2.7)

Smoking status‡

Never smoked 3012 (49.4) 2935 (48.0) 2506 (51.3) 2375 (49.0) 1850 (51.3) 1502 (48.2)

Former smoker 986 (16.2) 1031 (16.9) 797 (16.3) 832 (17.2) 593 (16.4) 541 (17.4)

Current smoker 2099 (34.4) 2139 (35.0) 1579 (32.3) 1636 (33.8) 1165 (32.3) 1072 (34.4)

Medications before injury‡

Prior aspirin 496 (8.1) 476 (7.8) 402 (8.2) 362 (7.5) 297 (8.2) 227 (7.3)

OCP/estrogen 112 (1.8) 107 (1.8) 94 (1.9) 91 (1.9) 67 (1.9) 57 (1.8)

Clopidogrel/other
antiplatelet medication

55 (0.9) 52 (0.9) 42 (0.9) 41 (0.8) 31 (0.9) 25 (0.8)

Health insurance‡

Private 2093 (35.8) 2140 (36.5) 1810 (38.5) 1817 (39.1) 1342 (38.5) 1145 (38.3)

Medicare/Medicaid/Tricare 1784 (30.5) 1826 (31.2) 1348 (28.7) 1357 (29.2) 1020 (29.3) 874 (29.3)

Other public options 417 (7.1) 403 (6.9) 350 (7.4) 335 (7.2) 256 (7.4) 222 (7.4)

Workers’ Compensation 202 (3.5) 202 (3.4) 173 (3.7) 174 (3.7) 135 (3.9) 131 (4.4)

No insurance 1355 (23.2) 1288 (22.0) 1017 (21.6) 965 (20.8) 729 (20.9) 614 (20.6)

Injury severity score§ 9 (4 to 10) 9 (4 to 10) 9 (4 to 10) 9 (4 to 10) 9 (4 to 10) 9 (4 to 10)

Injury regions‡#

Lower extremity 5346 (88.1) 5336 (87.8) 4334 (89.1) 4308 (89.2) 3252 (90.5) 2833 (91.2)

Upper extremity 1655 (27.3) 1688 (27.8) 1324 (27.2) 1344 (27.8) 936 (26.0) 825 (26.6)

Abdomen 758 (12.5) 808 (13.3) 596 (12.3) 652 (13.5) 424 (11.8) 393 (12.7)

Spine 608 (10.0) 655 (10.8) 473 (9.7) 526 (10.9) 332 (9.2) 327 (10.5)

Thorax 1083 (17.8) 1163 (19.1) 846 (17.4) 941 (19.5) 580 (16.1) 581 (18.7)

Neck 59 (1.0) 74 (1.2) 54 (1.1) 60 (1.2) 36 (1.0) 36 (1.2)

Face 816 (13.4) 875 (14.4) 651 (13.4) 705 (14.6) 437 (12.2) 442 (14.2)

Head 778 (12.8) 783 (12.9) 610 (12.5) 612 (12.7) 411 (11.4) 371 (11.9)

*VTE = venous thromboembolism,OCP=oral contraceptive pill.†The values are given as the mean and standard deviation.‡The values are given as the
number with the percentage in parentheses. §The values are given as the median with the interquartile range in parentheses. #Some patients
sustained >1 injury.
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assumption, and the reported odds ratio (OR) is interpreted as
the odds of a higher level of satisfaction with the medication if a
patient is assigned to receive aspirin rather than low-molecular-
weight heparin. The cost model did not satisfy the proportional
odds assumption, so we fit 2 logistic regression models. The first
model dichotomized out-of-pocket costs as >$0 versus $0. The
second model used a ‡$25 versus <$25 out-of-pocket cost out-
come. In addition, we assessed differences in subcomponents of
the ordinal outcomes with chi-square tests. To assess the heter-
ogeneity of treatment effects, we added a health insurance indi-
cator as an interaction term to the models.

We performed 2 sensitivity analyses. First, we restricted the
sample to patients who had adhered to the assigned protocol.
Second, given the high proportion of participants who refused to
answer or were unable to provide an answer, we performed a
sensitivity analysis using inverse probability of treatment
weighting. In this analysis, we weighted each patient according to
the inverse probability of responding to the satisfaction and cost
outcome queries, as estimated based on 21 baseline and in-
hospital factors. All analyses were performedwith R, version 4.0.2
(R Project for Statistical Computing). Our threshold for signifi-
cance was p = 0.05, and we did not adjust for multiple testing.

Results

Of the 12,211 patients enrolled in the trial, 9725 (80%)
completed the satisfaction-with-medication question. A

total of 10,206 patients were enrolled after we introduced the
out-of-pocket cost question to the case report forms, and 6723
(66%) of these patients agreed to report their out-of-pocket costs
(Table I; Fig. 1). The mean age of the respondents (and standard
deviation [SD]) was 45 ± 18 years, and 62% were male. Most
patients (88%) had a fracture of a lower extremity. The median
Injury Severity Score was 9 (interquartile range [IQR], 4 to 10).
Nearly 40% of the patients had private health insurance;
approximately 30% had coverage through Medicare, Medicaid,
or Tricare; and 1 in 5 patients did not have health insurance at
the time of injury. Thromboprophylaxis was prescribed at
discharge for 91% of the patients for a median duration of
21 days in both treatment groups (aspirin: IQR, 19 to 21; low-
molecular-weight heparin: IQR, 14 to 21). The median time
from randomization to survey completion was 108 days (IQR,
95 to 127). Patients who responded to the 2 research questions
were significantly more likely to be female, have private health
insurance, and have a lower-extremity fracture compared with
non-respondents (see Appendix Tables I and II).

Patient Satisfaction with Medication
The odds of greater satisfaction with the medication were 2.6
times higher for patients assigned to aspirin relative to those
assigned to low-molecular-weight heparin (OR: 2.59; 95%
confidence interval [CI]: 2.39 to 2.80; p < 0.001) (Fig. 2).
Specifically, 95% (4631) of the patients assigned to receive
aspirin reported being satisfied, very satisfied, or extremely
satisfied with their thromboprophylaxis medication. In con-
trast, 85% (4122) of the patients assigned to low-molecular-
weight heparin were satisfied or better (p < 0.001).

Our 2 sensitivity analyses produced a similar result.
Among patients who adhered to the protocol (n = 8559), the
odds of increased satisfactionwith themedicationwere 2.8 times
higher in the aspirin group (OR: 2.75; 95% CI: 2.54 to 2.99; p <
0.001). After adjusting for the probability of responding to the
question, we obtained an OR of 2.57 (95% CI: 2.40 to 2.74, p <
0.001) favoring aspirin.

The effect of thromboprophylaxis on satisfaction with
the medication did not differ in direction based on the type of
health insurance, but the magnitude of the effect did vary
significantly (interaction p < 0.001) (Fig. 3; see also Appendix
Fig. 1). Specifically, aspirin conferred the greatest increase in
satisfaction when used by patients with private health insur-
ance (OR: 3.21; 95% CI: 2.84 to 3.64; p < 0.001). The effect was
smallest for patients insured by Medicare, Medicaid, or Tricare
(OR: 2.08; 95% CI: 1.81 to 2.40; p < 0.001).

Medication Out-of-Pocket Costs
Patients assigned to aspirin had increased odds of incurring any out-
of-pocket costs for their thromboprophylactic medication com-
pared with patients assigned to low-molecular-weight heparin (OR:
1.51; 95% CI: 1.37 to 1.66; p < 0.001) (Fig. 4). However, patients
assigned to aspirin were significantly less likely to incur out-of-
pocket costs of ‡$25 (OR: 0.15; 95%CI: 0.12 to 0.18; p < 0.001). In
addition, more patients in the low-molecular-weight heparin arm
reported that theydid not incur out-of-pocket costs because they did
not take any thromboprophylacticmedication after itwas prescribed
at discharge than in the aspirin arm (3% versus 2%, p < 0.001).

Analysis of the subset of patients who adhered to their as-
signed treatment (n= 5926) showed consistent resultswith regard to
incurring any out-of-pocket costs (OR: 1.56; 95%CI: 1.41 to 1.73; p
< 0.001) and out-of-pocket costs of‡$25 (OR: 0.13; 95%CI: 0.11 to
0.16; p < 0.001). In addition,whenweweighted the entire sample by
the inverse probability of responding to the question, we observed a
similar effect of the assigned treatment group on incurring any out-
of-pocket costs (OR: 1.51; 95%CI: 1.37 to 1.67; p < 0.001) and out-
of-pocket costs of ‡$25 (OR: 0.15; 95%CI: 0.13 to 0.18; p < 0.001).

The effect of the thromboprophylactic medication on
patients incurring any out-of-pocket costs varied significantly in
magnitude based on their health insurance (interaction p =
0.001) (Fig. 5; see also Appendix Fig. 2). However, the direction
of the treatment effect on incurring any out-of-pocket costs was
consistent across all health insurance types. The effect of the
thromboprophylactic medication on patients incurring ‡$25 in
out-of-pocket costs did not significantly vary based on their type
of health insurance (interaction p = 0.08).

Discussion

In this secondary analysis of a large, randomized trial com-
paring aspirin with low-molecular-weight heparin in patients

who had sustained orthopaedic trauma, we found patient satis-
faction with their thromboprophylactic medication to be signifi-
cantly greater for those assigned to receive aspirin. These patients
were more likely than those assigned to low-molecular-weight
heparin to incur some out-of-pocket costs for thromboprophy-
laxis. However, aspirin thromboprophylaxis reduced the odds of
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Fig. 1

CONSORT (Consolidated Standards of Reporting Trials) flowchart. NSAIDS = nonsteroidal anti-inflammatory drugs.
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incurring ‡$25 in out-of-pocket costs by 85%. The magnitude of
patient satisfaction with the medication and protection against
out-of-pocket costs varied based on the type of health insurance.
However, the direction of these effects was consistent across all
health insurance types in favor of aspirin.

Our finding that patients assigned oral thrombopro-
phylaxis have greater satisfaction with the medication than
patients assigned a subcutaneous injection is consistent with
previous research15,16,18,19. In a study of patients with pelvic or
lower-extremity fractures, John et al. observed greater

Fig. 2

Patient satisfaction with their thromboprophylactic medication stratified by treatment group. LMWH = low-molecular-weight heparin.

Fig. 3

Variation in the effect of aspirin versus low-molecular-weight heparin (LMWH) thromboprophylaxis on patient satisfaction with the medication by type of

health insurance. CI = confidence interval.
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satisfaction with orally administered rivaroxaban than with
low-molecular-weight heparin15. This finding of more satis-
faction with oral thromboprophylaxis than with an injectable
alternative has been replicated in studies of fracture patients
and other patient populations16,18,19. Our large sample adds
substantial precision to these previous estimates and informs
how the treatment effect varies based on insurance type.

Increased satisfaction with medication has been previously
linked to increased medication adherence20. While we did not
systematically measure post-discharge medication adherence,
previously inpatient adherence was not found to be meaningfully
different between aspirin (95%) and low-molecular-weight hep-
arin (97%)12. However, adherence at the time of discharge, based
on whether those prescribed thromboprophylaxis on discharge
were prescribed themedication assigned to them in the study, was
greater for patients assigned to aspirin (94%) compared with low-
molecular-weight heparin (89%)12. Also, 3% of the patients in our
low-molecular-weight heparin group reported they did not incur
out-of-pocket costs because they did not take either medication

after discharge, compared with 2% in the aspirin arm. While
patients assigned to aspirin had 2.6 times higher odds of satis-
faction with the medication, a high proportion (85%) of the
patients in the low-molecular-weight heparin group reported at
least mid-level satisfaction on the 7-point Likert scale. Research
suggests that lower regimen complexity is an important driver of
satisfactionwithmedication20, and this presumably contributed to
our observed result.

To our knowledge, this is the first study to compare patient
out-of-pocket costs for these commonly prescribed thrombopro-
phylactic regimens. Several studies have compared the cost-
effectiveness of aspirin with that of low-molecular-weight heparin
for thromboprophylaxis. However, those studies involved patients
whohadundergone joint replacement andwere from the perspective
of a national health-care payer21-23. None reported or included the
costs incurred by patients, only the direct health-care system costs.

The list price of $1076 to $1435 for a course of treatment
with low-molecular-weight heparin is substantially higher than the
$5 to $10 for a bottle of low-dose aspirin. However, we found that

Fig. 4

Patient-reported out-of-pocket thromboprophylactic medication costs stratified by treatment group. LMWH = low-molecular-weight heparin.
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most patients in the study paid <$25 for their thromboprophy-
laxis, irrespective of their treatment allocation or health insurance
coverage, suggesting that most patients are shielded from these
high costs. Our finding was consistent with the low median out-
of-pocket costs for low-molecular-weight heparin reported in a
previous study of patients with gynecological cancer24. While
incurring out-of-pocket costs of ‡$25 was uncommon, throm-
boprophylaxis with aspirin substantially reduced the odds of in-
curring a considerable thromboprophylaxis expense.

This study had several limitations. First, the out-of-pocket
cost question was added to the trial’s case report forms 9 months
after the trial began. Despite this delay, which meant that there
were 2015 fewer eligible respondents, the sample size provided
sufficient power to detect between-group differences. Second,
2486 patients did not report their satisfaction with the medica-
tion and 5488 patients did not report their out-of-pocket costs.
While we did observe significant demographic differences
between respondents and non-respondents, our sensitivity anal-
yses suggest that these differences were immaterial and the esti-
mates were robust to non-responsiveness. Third, we did not
explicitly measure post-discharge adherence and thus cannot
assess if satisfaction with the medication and out-of-pocket costs
are associated with such adherence. However, previous research
has demonstrated higher post-discharge adherence with aspirin
compared with low-molecular-weight heparin25. Finally, patients
can receive many hospital bills after a fracture and incur many
costs. Recall bias and a lack of awareness of which expenses are
related to thromboprophylaxis are other limitations but were
likely non-differential between treatment arms.

This study also had a number of strengths. It was per-
formed at 21 trauma centers in the U.S. and Canada, increasing
the generalizability of the findings. In conjunctionwith the trial’s
clinical results12, these findings indicate that aspirin appears to
be a reasonable choice for thromboprophylaxis in terms of

clinical outcomes and likely has advantages in patient satisfac-
tion and out-of-pocket costs.

Previous research demonstrated that thromboprophylaxis
with aspirin is similar to the more commonly prescribed low-
molecular-weight heparin with respect to efficacy and safety12.
Based on our results, we concluded that patients assigned to
aspirin were also substantially more satisfied with their medica-
tion. Furthermore, the lower odds of out-of-pocket costs of ‡$25
associated with aspirin might help mitigate a potential health
equity issue related to thromboprophylaxis in this patient popu-
lation. Clinicians should consider these advantages of aspirin
when selecting thromboprophylaxis after orthopaedic trauma.
Future research is required to determine if these satisfaction and
cost benefits apply to other patient populations.
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Supporting material provided by the authors is posted
with the online version of this article as a data supplement
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