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similar with aspirin or enoxaparin, even among patients at highest risk of VTE. Aspirin was 

favored if patient medication satisfaction was also considered. 

@SteinSister 

@ShockTrauma 

@UMMC 

#BloodClot 

#OrthoTwitter 

#aast2023 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

ACCEPTED



9 

ABSTRACT 

Background 

The PREVENT CLOT trial concluded that thromboprophylaxis with aspirin was noninferior to 

low-molecular-weight heparin (LMWH) in preventing death after orthopaedic trauma. However, 

it was unclear if these results applied to patients at highest risk of thrombosis. Therefore, we 

assessed if the effect of aspirin versus LMWH differed based on patients’ baseline risk of venous 

thromboembolism (VTE).  

 

Methods 

The PREVENT CLOT trial enrolled 12,211 adult patients with fractures. This secondary analysis 

stratified the study population into VTE risk quartiles: low (<1%) to high (>10%) using the 

Caprini Score. We assessed stratum-specific treatment effects using the win ratio method, in 

which each patient assigned to aspirin was paired with each assigned to LMWH. In each pair, we 

compared outcomes hierarchically, starting with death, then pulmonary embolism, deep vein 

thrombosis, and bleeding. The secondary outcome added patients’ medication satisfaction as a 

fifth composite component. 

 

Results 

In the high risk quartile (n=3052), 80% had femur fracture, pelvic, or acetabular fractures. 

Thoracic (47%) and head (37%) injuries were also common. In the low risk quartile (n=3053), 

most patients had a tibia fracture (67%), 5% had a thoracic injury, and less than 1% had head or 

spinal injuries. Among high risk patients, thromboembolic events did not differ statistically 

between aspirin and LMWH (win ratio, 0.94; 95% CI, 0.82–1.08, p=0.42). This result was 
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consistent in the low (win ratio, 1.15; 95% CI, 0.90–1.47, p=0.27), low-medium (win ratio, 1.05; 

95% CI, 0.85–1.29, p=0.68), and medium-high risk quartiles (win ratio, 0.94; 95% CI, 0.80–

1.11, p=0.48). When medication satisfaction was considered, favorable outcomes were 68% 

more likely with aspirin (win ratio, 1.68; 95% CI, 1.60–1.77; p<0.001). 

 

Conclusion 

Thromboembolic outcomes were similar with aspirin or LMWH, even among patients at highest 

risk of VTE. Aspirin was favored if medication satisfaction was also considered. 

 

Level of Evidence: Level I, (therapeutic/care management) 

 

Key Words: Thromboprophylaxis; Aspirin; Low-Molecular-Weight Heparin; Trauma 
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BACKGROUND 

Orthopaedic trauma is a known risk factor for venous thromboembolism (VTE) because of the 

initial injury, surgical intervention, and postoperative immobilization.
1,2

 Current 

thromboprophylaxis guidelines recommend low-molecular-weight heparin (LMWH) in this 

patient population.
3–6

 The PREVENT CLOT trial recently concluded that thromboprophylaxis 

with aspirin was non-inferior to LMWH in preventing fatal events after orthopaedic trauma.
7
  

 

Selecting the best treatment for a given patient is very different from determining the best 

treatment on average. As such, clinicians and patients are naturally interested in understanding if 

the PREVENT CLOT findings are likely to apply to various types of patients with variable risks 

for VTE. In particular, it is important to assess if the PREVENT CLOT’s main findings also 

apply to patients at increased risk of VTE. Furthermore, little work has been done to incorporate 

patient satisfaction with treatments into more traditional clinical results.  

 

This paper uses robust approaches for a patient-centered secondary analysis of the PREVENT 

CLOT trial data to guide patients’ and healthcare providers’ thromboprophylaxis decision-

making.
8–10

 Our primary aim was to evaluate if the global assessment of treatment effects varied 

based on patients’ baseline risk of venous thromboembolism. Specifically, this secondary 

analysis sought to determine if the PREVENT CLOT results apply to patients at highest risk of 

thrombosis. Our secondary aim added medication satisfaction to the risk-stratified global 

assessment of treatment effects.   
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METHODS 

Study Design 

This study was a secondary analysis of data from the PREVENT CLOT trial.
7,11

 PREVENT 

CLOT was an open-label, pragmatic, randomized clinical trial performed at 21 trauma centers in 

the United States and Canada. The trial was co-led by the University of Maryland School of 

Medicine and the Major Extremity Trauma Research Consortium at the Johns Hopkins 

University Bloomberg School of Public Health. The study was approved by the institutional 

review boards at all participating sites and the data coordinating center. The CONSORT 

guidelines were used to ensure proper reporting of methods, results, and discussion 

(Supplemental Digital Content 1, http://links.lww.com/TA/D453). 

 

Study Participants 

We included adult patients who had an indication for thromboprophylaxis and had an operatively 

treated fracture of the extremities or a pelvic or acetabular fracture treated either operatively or 

nonoperatively. We excluded patients who presented to the hospital more than 48 hours after 

injury, were taking long-term blood thinners before their injury, or had a thromboembolic event 

in the 6 months before the injury. We did not exclude patients due to other traumatic injuries. 

The protocol allowed patients to receive up to 2 doses of low-molecular-weight heparin as the 

standard of care for thromboprophylaxis before randomization.
11

 

 

Study Interventions 

We randomly assigned patients to aspirin or LMWH with a 1:1 ratio using a computer-generated 

randomization scheme. Aspirin was to be prescribed at an 81mg dose twice daily per oral (PO) 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

ACCEPTED



13 

or per rectal if strict NPO. LMWH was to be prescribed at a 30mg subcutaneous dose twice daily 

and could be weight-based adjusted according to participating site protocols. The initiation and 

duration of thromboprophylaxis were based on the existing hospital guidelines at each site. The 

trial protocol instructed clinicians to be consistent in their indications and prescription duration 

regardless of treatment assignment. We monitored treatment adherence daily during the index 

hospital admission and at discharge, and these results have been published.
7
 The patient, treating 

clinicians, and site study coordinators were aware of the treatment allocation. However, the 

treatment assignment was masked during data monitoring and adjudication. 

 

Study Outcome 

The primary outcome of this study was a composite of all-cause mortality, pulmonary embolism 

(PE), deep vein thrombosis (DVT), and bleeding events within 90 days of randomization. The 

components were ranked in the aforementioned order based on patients’ stated preferences.
12

 

VTE screening was not required, as per the trial protocol. We defined bleeding events based on 

previously used definitions as symptomatic bleeding into a critical area or organ, bleeding 

causing a drop in hemoglobin level of 2g/dL or more within a 24-hour period leading to a 

transfusion of 2 or more units of whole blood or red cells, or bleeding requiring reoperation.
13,14 

 

The secondary outcome added medication satisfaction assessed 90 days after randomization as a 

fifth and final component to the composite outcome. We measured patient satisfaction with their 

thromboprophylaxis medication using a modified version of the Treatment Satisfaction 

Questionnaire for Medication (TSQM).
15

 We modified the TSQM based on feedback from our 

patient stakeholder committee and input from the developers. For this trial, we captured overall 
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satisfaction with the medication on a single item from the larger instrument. The 7-point ordinal 

item used a Likert scale ranging from “extremely dissatisfied” to “extremely satisfied.” 

 

We ascertained study outcomes through an interview with the patient by our clinical research 

team performed during a clinical appointment or by phone. For patients who ceased clinical 

follow-up before 90 days or were non-responsive to phone contact, clinical research staff 

reviewed the patient’s medical records to obtain evidence that the patient was alive at 90 days 

post-randomization or had a study event within the time window. In addition, we queried 

LexisNexis Accurint, which included access to the Limited Access Death Master File, for 

mortality information on patients with an unknown status at 90 days post-randomization and to 

obtain additional contact information from public records. Finally, we used a centralized call 

center to call each available phone number at least three times for all patients with unknown 

outcome information.  

 

Risk Stratification 

We used the Caprini Score to calculate our study participants’ baseline VTE risk.
16

 The Caprini 

Score was first developed in 1991 and assigns points based on the presence of numerous known 

risk factors for venous thromboembolism.
16

 More points indicate a higher baseline risk. The 

Caprini Score was the VTE risk assessment model recommended by the 2012 Chest guidelines 

for VTE prevention and has been validated in the orthopaedic trauma and critically ill surgical 

populations.
17–19

 The points assigned based on our measured covariates are described in Table 1. 

We summed the points for each patient to determine their baseline risk (Figure 1). 
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Statistical Analysis 

With 12,221 enrolled patients, we had 95% power to detect a 10% relative benefit in at least 2 of 

the composite outcome components, assuming no difference in the other components with an 

alpha of 5%.
21

 In addition, each quartile in our heterogeneity of treatment effects (HTE) analysis 

had 90% power to detect a 15% relative benefit in 2 or more components of the composite 

outcome with an alpha of 5%. 

 

We performed all analyses according to the intention to treat principle. Using the win ratio 

method, all patients assigned to the aspirin arm were paired with those assigned to LMWH. The 

pairwise comparison proceeded hierarchically, starting with all-cause mortality, followed by PE, 

DVT, then bleeding events when the patients could not be differentiated on an outcome of 

greater importance. The win ratio was then calculated as the total number of wins in the aspirin 

arm divided by the total number of wins in the LMWH arm. Given the paired hierarchical 

testing, the win rates can differ from the event rates reported in the primary publication as they 

assess the probability of avoiding the study outcome by treatment arm after adjusting for the 

competing risk of a more severe outcome.
7
 We obtained 95% confidence intervals using methods 

described by Bebu and Lachin.
22

 Our secondary outcome added patient medication satisfaction 

using an ordinal scale as the final component to further differentiate patients who did not incur a 

study event. 

 

To assess the HTE, we assigned each patient Caprini Score risk points and then stratified the 

sample based on their cumulative points into quartiles. Next, we compared the frequency of each 

risk factor between risk quartiles using chi-square or Wilcoxon rank-sums tests, depending on 
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the data type. We then applied the win ratio technique to evaluate the primary and secondary 

outcomes within each risk stratum.  

 

We imputed missing covariates required for the Caprini Score and missing patient medication 

satisfaction data using multiple imputations.
23 

If the 90-day status was unknown for the other 

outcomes, we censored patients at their last observation. Our level of significance was set to 

0.05. We did not adjust the confidence interval of our secondary outcome or HTE analysis for 

multiple testing. All statistical analyses were performed using R Version 4.0.2 (R Foundation for 

Statistical Computing, Vienna, Austria) using the WinRatio package.  

 

RESULTS 

Full Sample 

The trial included 12,211 patients from April 2017 through February 2022. Of these, 6101 

patients were randomly allocated to receive aspirin, and 6110 were assigned to LMWH (Figure 

2; Table 2). The median age of the study population was 43 years (interquartile range, 29 to 59), 

and 62% were male. Nearly half (48%) had a femur, pelvic, or acetabular fracture, and 14% 

(n=1701) had an Injury Severity Score (ISS) of 16 or more. Forty percent (n=4913) of enrolled 

patients had a traumatic injury in addition to one or more eligible fractures. Less than 1% (n=89) 

had a history of VTE. We ascertained a final clinical status at 90 days post-randomization for 

92% of the patients. 

 

Our primary win ratio analysis found no statistical difference in the hierarchically assessed 

primary outcome (win ratio, 0.99; 95% CI, 0.91–1.09; p=0.90) (Figure 3). This result was based 
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on over 37 million pairwise comparisons. The aspirin group won 0.7% of the comparisons by 

protecting against death and another 14.2% of the comparisons by protecting against PE (1.4%), 

DVT (1.3%), and bleeding events (11.5%). In contrast, the LMWH group won 0.8% of the 

comparisons by protecting against death. The LMWH group won another 14.3% of the 

comparisons due to protection against PE (1.4%), DVT (1.9%), and bleeding events (11.0%). 

Over 27 million of the comparisons did not favor either medication. 

 

When we added patients’ satisfaction with their thromboprophylaxis medication as the fifth and 

final component to our composite outcome, an overall benefit was 68% more likely when 

assigned to aspirin than LMWH (win ratio, 1.68; 95% CI, 1.60–1.77; p<0.001) (Figure 3). This 

difference resulted from aspirin winning an additional 35.0% of the comparisons due to 

increased medication satisfaction. The LMWH group won with higher medication satisfaction in 

14.7% of the comparisons. Once the fifth component was added to the composite, less than 8 

million comparisons did not favor either treatment. 

 

Risk Stratified Sample 

Using the Caprini Score, we stratified the sample into 4 VTE risk quartiles (Table 2). The lowest 

risk quartile commonly featured patients 40 years of age or less (66%), ISS of less than 16 

(99%), and a tibia fracture (67%). Patients in the high-risk quartile were distinguished as having 

a femur fracture (51%) or pelvis or acetabulum fracture (40%), as well as injuries to the 

abdomen (33%) or head (37%). The high-risk quartile also has the highest proportion of patients 

with previous diagnoses of cancer (6%) or VTE (2%). 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

ACCEPTED



18 

In our win ratio analysis of the clinical outcomes, the 2 medications were statistically 

indistinguishable in any risk strata (Figure 4). When we added the medication satisfaction 

component to the outcome, aspirin was favored in all 4 risk quartiles. However, the magnitude of 

the benefit reduced sequentially from the low-risk quartile (win ratio, 2.18; 95% CI, 1.95–2.44; 

p<0.001) to the high-risk quartile (win ratio, 1.35; 95% CI, 1.23–1.49; p<0.001). The 

diminishing benefit in the highest risk groups is due to higher rates of clinical outcomes, 

including death, pulmonary embolism, deep vein thrombosis, or bleeding events, and, therefore, 

fewer pairs distinguished by the satisfaction component.  

 

DISCUSSION 

In our hierarchical global assessment of thromboembolic outcomes, we found no significant 

difference between aspirin or LMWH thromboprophylaxis among orthopaedic trauma patients. 

However, when we added medication satisfaction to the evaluation, favorable outcomes 

measured by the win ratio assessment were significantly more likely in patients assigned to 

aspirin. These results remained consistent regardless of patients’ baseline risk of VTE as 

calculated by the Caprini Score.  

 

The results of this study support the conclusion of the initial PREVENT CLOT analysis that 

thromboprophylaxis with aspirin is non-inferior to LMWH among orthopaedic trauma patients 

with respect to clinical outcomes.
7
 In addition, taking a more patient-centered approach, our 

application of novel methods provides a single measure to infer the total benefits and harms 

between these treatments. The secondary outcome, which includes medication satisfaction, offers 

further evidence of patients’ preference for aspirin. Medication satisfaction drives this observed 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

ACCEPTED



19 

global benefit of aspirin in this patient population as most patients avoid a thromboembolic event 

after injury.  

 

While our global assessment suggests overall clinical outcomes will be similar with either 

thromboprophylaxis agent, evaluating the component outcomes helps explain this result. A 

modest protection against DVT with LMWH is offset by aspirin’s greater protection against the 

more frequent bleeding events. This marginal effect is observed in the full sample and within 

most risk strata, and it is consistent with a recent trial performed in patients undergoing hip and 

knee replacement surgery.
24

  

 

The PREVENT CLOT trial’s primary analysis used the traditional approach of assessing 

between-group differences for specific clinical efficacy and safety endpoints. As endpoints are 

often correlated,
25

 this approach is suboptimal for evaluating the totality of the effect on 

patients.
26

 Recent methodological techniques, such as the win ratio, have been developed to use 

outcomes to analyze patients rather than patients to analyze outcomes to improve the assessment 

of individual therapies.
8,26

 The win ratio uses a composite outcome with ordinally ranked 

components to define the worst state reached by each patient under observation. Patients and 

clinicians are interested in multiple outcomes after treatment, but those endpoints often differ in 

their clinical severity or relative importance. This pragmatic technique better aligns with the 

patient and clinician experience of having to evaluate treatment options globally. 

 

To further complicate the patient and clinician experience, individual patients have many 

characteristics that might affect the likelihood of 1 or more outcomes or a worse health state. 
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Thus, selecting the best treatment for a given patient is very different from determining the best 

treatment on average. As outcomes tend to correlate, so do baseline factors that can modify 

treatment effects.
27

 The conventional approach to analyzing if treatment effects vary across 

patients is to stratify patients on single characteristics. This subgroup analysis technique 

disregards that patients have an indefinite number of attributes and therefore belong to an 

indefinite number of subgroup strata. Low statistical power and multiplicity also limit the ‘one-

variable-at-a-time’ method. The risk modeling approach suggested by Kent et al.
9,10

 overcomes 

these limitations by stratifying patients according to their multivariate baseline risk of the 

outcome.
 

 

In brief, the design of this secondary analysis offers several strengths not present in the previous 

literature.
7
 The win ratio method provides a single measure to estimate a difference in the totality 

of benefits and harms between treatments. The method also protects against competing risks. The 

pairwise comparisons overcome challenges with correlated outcomes. Furthermore, this unique 

approach overcomes issues pertaining to statistical power and multiple testing that plague most 

subgroup comparisons.
9,10

 Finally, we observed a clear difference in the outcome risk after 

stratifying the study population with the Caprini Score, confirming its suitability to risk stratify 

this patient population.
17

  

 

The study has several limitations. Due to anticipated enrollment challenges at the initial hospital 

admission, the protocol allowed study participants to receive up to 2 doses of low-molecular-

weight heparin before randomization. However, given the short half-life of low-molecular-

weight heparin and the small percentage of before-consent doses relative to the total number of 
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doses received, we suspect this design feature had a negligible impact on the findings. The 

outcome hierarchy can be debated but is supported by robust stated preference research.
12

 

Furthermore, our composite outcome is likely not exhaustive, and other outcomes might 

influence the thromboprophylaxis preferences of patients and healthcare providers. Multiple 

VTE risk scoring systems are relevant to this patient population.
28,29

 Many factors included in 

other scoring systems were not available within our data, such as ventilator duration and the 

Glasgow Coma Score.
28,29

 Given the consistent result across the tested risk strata, we expect that 

other risk scores would yield a similar result. 

 

The results of this study suggest that thromboembolic outcomes will be similar with either 

aspirin or LMWH in patients who sustained orthopaedic trauma. This holds true even for patients 

at highest risk of VTE. Aspirin is heavily favored if patient medication satisfaction is considered 

in addition to the clinical outcomes. The treatment effects on our global clinical outcomes 

assessment did not vary based on patient’s baseline risk of VTE.  
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Legends 

 

Figure 1. Distribution of Caprini Risk Scores for the study population. Patients were grouped 

into risk quartiles, including low risk (0–4 points), low-medium risk (5–7 points), medium-high 

risk (8–10 points), and high risk (11 points or more).  

 

Figure 2. CONSORT diagram. 

 

Figure 3. Win ratio analysis for the primary and secondary outcome with the full sample. The 

left column reports the percentage of wins for each treatment arm decided at each component 

outcome. The right column reports the win ratio for the primary outcome, which included only 

clinical outcomes, and the secondary outcome, which added medication satisfaction as the final 

component of the composite outcome. 

 

Figure 4. Win ratio analysis of primary and secondary outcomes stratified by venous 

thromboembolism risk quartile. The left column reports the percentage of wins for each 

treatment arm decided at each component outcome. The right column reports the win ratio for 

the primary outcome, which included only clinical outcomes, and the secondary outcome, which 

added medication satisfaction as the final component of the composite outcome. 
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Figure 4 
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Table 1. Covariates Used to Risk Stratify the Study Population and the Points Assigned for 

Venous Thromboembolism Risk for Each Covariate 

Caprini Score Value Risk Factor 

1 point Age 41–60 years 

Body mass index >30 kg/m
2 

History of myocardial infarction 

Congestive heart failure 

Cerebrovascular disease 

Diabetes 

Oral contraceptives or hormone replacement therapy 

Abdominal injury 

Thoracic injury 

2 points Age 61–74 years 

Prior cancer diagnosis 

Immobilization due to restricted weight bearing  

Fracture of the tibia 

Head injury 

3 points Age ≥75 years 

Previous venous thromboembolism 

5 points Multi-trauma (Injury Severity Score ≥16)
20

 

Fracture of the femur, pelvis, or acetabulum 

Spinal cord injury 

 

Note: Abdominal, thoracic, and head injuries were indicated by Abbreviated Injury Scale values 

of 1 or more in the abdomen, chest, and head categories, respectively.  Spinal cord  injuries were 

determined based on qualifying Abbreviated Injury Scale codes.
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Table 2. Patient Characteristics at Baseline Stratified by Risk Quartile  

Characteristic 

Overall 

(N = 12,211) 
Low Risk, 

(N = 3053) 

Low- 

Medium 

Risk, 

(N = 3053) 

Medium- 

High 

Risk, 

(N = 3053) 
High Risk, 

(N = 3052) P-Value 

Age, years      <0.001 

    40 or less 5,689 (47%) 2,024 (66%) 1,488 (49%) 1,004 (33%) 1,173 (38%)  

    41–60 3,918 (32%) 790 (26%) 1,220 (40%) 906 (30%) 1,002 (33%)  

    61–74 2,001 (16%) 225 (7.4%) 299 (9.8%) 877 (29%) 600 (20%)  

    75 or more 603 (4.9%) 14 (0.5%) 46 (1.5%) 266 (8.7%) 277 (9.1%)  

Obese, BMI >30 kg/m
2
 4,238 (35%) 719 (24%) 1,084 (36%) 1,174 (38%) 1,261 (41%) <0.001 

Diabetes 1,002 (8.2%) 60 (2.0%) 160 (5.2%) 351 (11%) 431 (14%) <0.001 

History of VTE 89 (0.7%) 1 (<0.1%) 1 (<0.1%) 18 (0.6%) 69 (2.3%) <0.001 

History of cancer 306 (2.5%) 5 (0.2%) 27 (0.9%) 97 (3.2%) 177 (5.8%) <0.001 

History of MI 98 (0.8%) 3 (<0.1%) 11 (0.4%) 36 (1.2%) 48 (1.6%) <0.001 

History of CHF 88 (0.7%) 3 (<0.1%) 5 (0.2%) 21 (0.7%) 59 (1.9%) <0.001 

History of CVD 96 (0.8%) 4 (0.1%) 5 (0.2%) 32 (1.0%) 55 (1.8%) <0.001 

Estrogen medication 219 (1.8%) 36 (1.2%) 58 (1.9%) 61 (2.0%) 64 (2.1%) 0.029 

Discharge weightbearing status      <0.001 

    As tolerated 4,512 (37%) 1,111 (36%) 947 (31%) 1,244 (41%) 1,210 (40%)  

    Protected 535 (4.4%) 163 (5.3%) 85 (2.8%) 130 (4.3%) 157 (5.1%)  

    Non-weightbearing 5,455 (45%) 1,390 (46%) 1,501 (49%) 1,196 (39%) 1,368 (45%)  

    Touchdown 1,709 (14%) 389 (13%) 520 (17%) 483 (16%) 317 (10%)  

Injury Severity Score† 9 (4 to 10) 4 (4 to 9) 5 (4 to 9) 9 (5 to 9) 16 (9 to 22) <0.001 

Humerus fracture 1,132 (9.3%) 362 (12%) 154 (5.0%) 203 (6.6%) 413 (14%) <0.001 

Radius or ulna fracture 1,618 (13%) 591 (19%) 242 (7.9%) 286 (9.4%) 499 (16%) <0.001 

Femur fracture 3,915 (32%) 44 (1.4%) 835 (27%) 1,481 (49%) 1,555 (51%) <0.001 

Tibia fracture 5,934 (49%) 2,034 (67%) 1,671 (55%) 1,036 (34%) 1,193 (39%) <0.001 

Pelvis or acetabulum fracture 2,610 (21%) 28 (0.9%) 527 (17%) 829 (27%) 1,226 (40%) <0.001 

Foot fracture 1,292 (11%) 507 (17%) 266 (8.7%) 203 (6.6%) 316 (10%) <0.001 

Head injury 1,567 (13%) 28 (0.9%) 112 (3.7%) 302 (9.9%) 1,125 (37%) <0.001 

Spinal injury‡ 1,267 (10%) 107 (3.5%) 168 (5.5%) 221 (7.2%) 771 (25%) <0.001 

Thorax injury 2,255 (18%) 172 (5.6%) 216 (7.1%) 445 (15%) 1,422 (47%) <0.001 
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Abdominal injury 1,573 (13%) 108 (3.5%) 143 (4.7%) 319 (10%) 1,003 (33%) <0.001 

BMI, body mass index; VTE, venous thromboembolism; MI, myocardial infarction; CHF, congestive heart failure; CVD, 

cardiovascular disease.  

† median (interquartile range) 

‡ None of these were spinal cord injuries. 
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