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Abstract

Background: Trauma patients are at a significant risk of venous thromboembolism (VTE),
with lower extremity fractures (LEF) being independent risk factors. Use of direct oral
anticoagulants (DOACs) for VTE prophylaxis is effective in elective orthopedic surgery, but
currently not approved for trauma patients. The primary objective of this study was to
compare the effectiveness and safety of thromboprophylaxis of DOACs to LMWH in trauma

patients sustaining LEF.

Materials and Methods: We included adult trauma patients admitted to trauma quality
improvement program (TQIP) participating trauma centers (between 2013 - 2016), who
sustained LEF and were started on DOACs or low molecular weight heparin (LMWH) for
thromboprophylaxis after admission. Propensity score matching (PSM) was performed to

compare symptomatic VTE and bleeding control interventions between the groups.

Results: Of 1,009,922 patients in TQIP, 167,640 met inclusion criteria (165,009 received
LMWH, 2,631 received DOACSs). After PSM, 2,280 predominantly elderly (median age: 67)
isolated femur fracture patients (median ISS: 10) were included in each group (4,560
patients in total). Symptomatic VTE occurred in 1.4% of patients in both matched groups
(p=0.992). Bleeding control interventions occurred less often in the DOAC group, albeit

statistically insignificant (5.8% vs. 6.0%, p=0.772).

Conclusions: This study found similar rates of VTE and bleeding control measures for
thromboprophylaxis with DOACs or LMWH in matched trauma patients with lower extremity
fractures. Further prospective research is warranted to consolidate the safety of DOAC
thromboprophylaxis in trauma patients with LEF. Favorable per os administration and likely

increased adherence could benefit this high-risk population.

Keywords: trauma; lower extremity; thromboprophylaxis; direct oral anticoagulant; low

molecular weight heparin
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Background

Several randomized controlled trials have studied the effectiveness and safety of
Direct Oral Anticoagulants (DOACSs) for thromboprophylaxis in elective total hip arthroplasty
(THA) and total knee arthroplasty (TKA) (1-4). A meta-analysis of 16 randomized trials found
DOAC:Ss, i.e. dabigatran, rivaroxaban and apixaban, to be equivalent or superior to low
molecular weight heparin (LMWH) in terms of venous thromboembolism (VTE) prevention
(5). Safety, measured through the incidence of major bleeding, was equivalent for
dabigatran, inferior for rivaroxaban, and superior for apixaban when compared to enoxaparin
for THA and TKA. Following these positive results on the effectiveness and safety of
DOAC:Ss, their use for thromboprophylaxis was approved for patients undergoing elective

THA and/or TKA in over 100 countries (6, 7).

While the use of DOACs for thromboprophylaxis in elective patients has been
studied, VTE pharmacologic prophylaxis (PTP) in trauma patients is currently not an
approved indication. The incidence of symptomatic VTE in trauma patients is significantly
increased, with an in-hospital incidence of 2-12%, compared to a yearly incidence of circa
0.1% in the general population (8, 9). Lower extremity fractures (LEF), specifically pelvic,
tibial and femoral fractures, are independent risk factors for developing VTE (10-13). A meta-
analysis of randomized trials indicated that thromboprophylaxis halves the incidence of VTE
after trauma (relative risk [RR] of 0.52) (14). PTP alone was demonstrated to be over twice
as effective as mechanical prophylaxis alone (RR 0.48), and a combination is currently
recommended (14). When prescribing PTP, the choice of prophylactic medication is still

subject to discourse, with LMWH being the current standard (15-17).

In the American College of Surgeons Trauma Quality Improvement Program (ACS-
TQIP) database, DOACs have been prescribed to trauma patients. The indications or
rationale behind prescribing DOACs are not provided in TQIP. Reasons to prescribe DOACs

‘off label’ may include contra-indications to LMWH (e.g. heparin allergy) or the preference of
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the treating physician. The primary objective of this study was to compare the effectiveness

and safety of thromboprophylaxis of DOACs to LMWH in trauma patients sustaining LEF.

Methods

We used the American College of Surgeons Trauma Quality Improvement Program
(TQIP) database from 2013 to 2016, the years for which data on thromboprophylaxis were
available. TQIP contains exclusively de-identified data, therefore approval of the Institutional
Review Board was not required for this study. We adhered to the STROBE — RECORD
statement in reporting on this study (18). All code and algorithms used for this study will be

made available upon request.

We included all adult (=16 years old) trauma patients admitted to trauma centers
participating in TQIP between 2013 and 2016, who sustained LEF (including pelvic and
acetabular fractures) and were started on DOACs or LMWH for thromboprophylaxis after
admission. To identify all patients with LEF, the International Classification of Diseases
(ICD), 9" and 10™ Revisions, Clinical Modifications were used (Appendix A). Patients with
known bleeding disorders (e.g., vitamin K deficiency, hemophilia, thrombocytopenia) or
chronic anticoagulation therapy with warfarin, DOACs, clopidogrel, or similar medications,

(but not aspirin therapy) were excluded.

The following variables were extracted: demography (age, sex, race); injury
parameters (injury severity score [ISS], abbreviated injury scale [AlS], mechanism of injury,
emergency department [ED] Glasgow Coma Scale [GCS] and vital signs (systolic blood
pressure [SBP], pulse), International Classification of Diseases (ICD) injury codes;
comorbidities; timing and type of the first thromboprophylactic medication started; operative
or conservative LEF management; pre-PTP bleeding control surgery requirement,
transfusion volume in the first 24 hours; intensive care unit (ICU) length of stay (LOS); in-

hospital complications; and in-hospital mortality. Traumatic brain injury (TBI), spinal cord
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injury (SCI), and various internal organ injuries (cardiac, genito-urinary, hollow viscus, major
vascular, intra-abdominal) were included as covariates to identify possible contra-indications

for initiating thromboprophylaxis early.

The primary outcome is a composite outcome of in-hospital symptomatic DVT and
PE, as confirmed by lower extremity ultrasound or CT angiography. Safety is assessed using
a proxy variable of all major bleeding events requiring intervention, which is a composite of
transfusion requirement, bleeding control surgery, or angioembolization post-
thromboprophylaxis initiation. The ideal safety outcome of bleeding complications as defined
by the International Society for Thrombosis and Hemostasis could not be assessed using the

information present in TQIP (19, 20).

Propensity score matching (PSM) was performed to create comparable groups of
patients who received either DOAC or LMWH thromboprophylaxis. The propensity scores
were calculated using linear logistic regression based on the following variables, which were
potentially known prior to treatment allocation in a clinical setting: age [continuous], sex,
race, all comorbidities (e.g. cirrhosis, COPD, history of cardiovascular disease, malignancy
and current chemotherapy, smoking status, drug abuse etc.), emergency department pulse
and systolic blood pressure [continuous], positive alcohol test on admission, injury
mechanism and severity (ISS and AlS-lower extremity [both continuous]), femur fractures,
tibial fractures, pelvic fractures, contra-indications to starting thromboprophylaxis (i.e. spine
fractures, spinal cord injuries, traumatic intracranial hemorrhage, organ injuries, concomitant
upper and lower extremity fractures, surgical versus conservative management of fractures
and acute hemorrhage, and transfusion requirement prior to thromboprophylaxis start.
DOAC and LMWH patients were matched one-to-one in a nearest-neighbor fashion on

ascending observations.

Baseline variables, as well as the outcomes of interest, were compared between the
groups pre- and post-matching. All normally distributed continuous variables are displayed

as a mean with standard deviation. Median and interquartile range notation is used for
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variables with a skewed distribution. Continuous variables were compared using Mann-
Whitney test or Student’s t-test. Categorical variables are summarized as proportions and

compared using Chi2-analysis.

Results

1,009,922 patients were identified in TQIP between 2013 and 2016, of which 335,597
sustained LEF. Of these, 179,257 received thromboprophylaxis with DOACs or LMWH. Of
these, 11,617 patients were excluded due to a history of a bleeding disorder or pre-injury
anticoagulation use. The final study population consisted of 167,640 patients; 165,009
received LMWH as thromboprophylaxis and 2,631 received DOACs, of which 137 received
dabigatran (DTI) and 2,494 received FXa inhibitors (not further specified to apixaban,
betrixaban, edoxaban or rivaroxaban). Baseline characteristics, ED presentation and injury
patterns pre-matching are shown in Table 1. Univariate analysis indicates important
differences in the studied demographics, comorbidities, and injury characteristics. The
LMWH group comprises younger, less comorbid patients with higher rates of substance
abuse who were more severely injured. LWMH patients received blood transfusion more
often and at higher volumes. Surprisingly, thromboprophylaxis was started earlier in the
LMWH group. Processes of care measures and study outcomes for unmatched patients are

presented in Table 2.

Due the difference in group size, 86.7% of DOAC patients, but only 1.4% of LMWH
patients were matched. After PSM, the study groups were best described as older (median
age: 68 vs 65, p<0.047) patients, predominantly suffering from isolated, moderately severe
(median AIS extremity = 3, median ISS = 10) femur fractures (87.1% vs 87.5% of patients).
The matched groups were comparable at baseline with the exception of a statistically, but
not clinically significant higher mean age in the LMWH group. Baseline characteristics, ED

presentation and injury patterns of the matched groups are shown in Table 3. Notably,

24



LWMH patients were started on thromboprophylaxis significantly earlier than patients
receiving DOACs (median of 40 vs 33 hours post-admission, p<0.0001). No other

differences in processes of care measures were reported (Table 4).

The primary outcome of in-hospital symptomatic VTE occurred in 1.4% of patients in
both matched groups (p=0.992). The safety outcome of bleeding control interventions
occurred less often in the DOAC matched group, but this was not statistically significant
(5.8% vs. 6.0%, p=0.772). No significant differences were found for any of the secondary

outcome measures (Table 4).

Discussion

Our results from a propensity matched, nationwide cohort study indicate that the
odds of developing in-hospital VTE were similar for trauma patients with lower extremity
fractures using DOACs as thromboprophylaxis compared to those using LMWH. The odds of
major bleeding events, measured using a proxy variable, was comparable in both treatment
groups. Real world data on the use of both medications in trauma patients indicates that
DOACs and LMWH were generally prescribed to different population, but when a population
of predominantly femur fracture patients were analyzed, no significant differences in the

rates of VTE and bleeding control measures were reported.

The results found in this study are in line with the results from randomized trials
comparing DOACs and LMWH for elective THA and TKA, such as the RE-NOVATE, RE-
MODEL, RECORD and ADVANCE trials (2, 21-26). Experience with DOACs in trauma
patients is extremely rare, as it is an off-label use. A recent randomized controlled trial
compared rivaroxaban to enoxaparin in a population of both elective and traumatic non-
major orthopedic surgery patients, and found a significant reduction in symptomatic VTE, but
no difference in bleeding (27). Moreover, a retrospective cohort study, also using TQIP,

compared DOACs and LMWH for non-operatively managed pelvic fractures patients and
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reported improved effectiveness of DOACs, without increasing the risk of bleeding
complications (28). The use of DOACSs for prevention of VTE in non-operatively managed
pelvic fractures, or in any trauma patient, is not an officially approved indication in the US or
in the European Union. It is therefore of interest to identify the patterns and rationale behind
prescribing DOACs for thromboprophylaxis in trauma patients. Furthermore, cost-
effectiveness of thromboprophylaxis with DOACs should be studied in trauma patients, as
apixaban and rivaroxaban have proven to be cost-effective over LMWH for post-surgical

thromboprophylaxis (29-32).

Rivaroxaban has also been compared to LMWH for VTE prophylaxis in a population
of acutely ill medical patients in the MAGELLAN ftrial (33). In this trial, DOACs were non-
inferior for prevention of VTE at 10 days and superior at 35 days, but led to significantly
more bleeding events. The results of MAGELLAN have led to the Food and Drug
Administration (FDA) approval of rivaroxaban for in-hospital VTE prophylaxis in acutely ill
medical patients. This approval further expands the list of indications of DOACs beyond

elective surgical patients.

Another point of interest is a potential difference in effectiveness and safety between
various factor Xa inhibitors and direct thrombin inhibitors. A previous study found no
significant differences between dabigatran and apixaban for the prevention of VTE in
elective hip and knee replacement surgery (3). Since the trauma population is markedly
different from the elective arthroplasty population and the medically ill, and our population
only included 137 patients receiving dabigatran, further research comparing the

effectiveness of different DOACs in the trauma population is warranted.

Beside the inherent limitations associated with retrospective studies using routinely
collected healthcare data, we report several limitations that may have influenced the result of
this study. First of all, the DOAC group differed significantly from the LMWH group in various
studied comorbidities, vital signs, ISS, surgeries and processes of care. This is, in part, due

to the large sample size of the LMWH group, in comparison to the DOAC group and the
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resultant statistical power. We have controlled for potential confounding by indication by
propensity score matching on an extensive list of relevant baseline and injury characteristics,
as well as potential contra-indications to type and timing of thromboprophylaxis. We cannot,
however, rule out the presence of unmeasured confounding in this cohort. Secondly, the
timing of VTE occurrence was not available through TQIP, and as such it is not appropriate
to allude to possible causality between the choice of anticoagulant medication and the
incidence of VTE. Future research into this topic should employ a randomized design, or
include the timing of VTE occurrence in their outcome reporting. Thirdly, the doses of the
medications were not reported in TQIP. It is possible that higher doses of DOAC were
prescribed, as the use of DOACS is considered ‘off-label’ and dosing guidelines were
therefore not in place. Thirdly, safety was assessed by deduction of a proxy variable for
interventions to treat bleeding after thromboprophylaxis was started, as bleeding
complications, the ideal safety outcome, are not available through the TQIP database. By
use of this proxy outcome, we assessed the most severe bleeding complications, as
opposed to any clinically relevant bleeding. Bleeding complications may also warrant
discontinuation of anticoagulant medication and use of (drug-specific) reversal agents, which
is similarly not available in TQIP. It is important to note that idarucizumab [Praxbind,
Boehringer Ingelheim, Ingelheim am Rhein, Germany] and andexanet alfa [Ondexxya,
Portola Pharmaceuticals, South San Francisco, USA] are the approved and indicated
reversal agents for life-threatening hemorrhage associated to dabigatran and
apixaban/rivaroxaban respectively (34, 35). Moreover, as our safety outcome is a
therapeutic intervention, our study is limited by the fact that institutional practice patters may
vary, between and within treatment groups. Furthermore, it is not certain that these bleeding
complications were directly attributable to initiation of thromboprophylaxis with DOACs or
LMWH. Other factors, such as surgical management, initial bleeding, and comorbidities may
have influenced the rate of bleeding complications (36). Using non-randomized data also

does not allow inferring a causal relationship.
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Conclusion

The association found in our study suggests similar rates of VTE and bleeding
control measures in trauma patients with lower extremity fractures treated with DOACs or
LMWH for thromboprophylaxis. Further prospective, and ideally randomized research is
warranted to consolidate the safety of DOAC use for prevention of VTE in trauma patients
with LEF, and in the general trauma population. A favorable per os administration and likely

increased adherence could benéefit this high-risk population.

The authors report no proprietary or commercial interest in any product mentioned or

concept discussed in this article.
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Figures and Tables

able 1 E oy department p entation, and impury pattermn o funmatched « .
Variable DOAC (n = 2.631) LMWH (n = 165.00%) Fovalue
Median age (IQR) 6% (31-20) 51 [2B-68) <0.0001
Female G1.6%% 455% =0.0001
Dizbates 17.0% 132% <0.0001
Emoker 11:8% 115% =0.0001
History cerebrovascular accident 100 10 =0.0001
Hypertension 48.6% 1% =0.0001
History myoecardial infarction L1% 063 0.14%
History peripheral vazcular dizeaza 0.7 0.6% 0.312
Congestive heart failure 11% 105 =0.0001
Cirrhaosis 0.6% 0.7% 0.624
Chemotherapy 0.8% 0.3% <0.0001
Diizeminated cancer 08 06 0.143
Chronic renal failure L4% 1.0°% 0.032
Drug abuse 10 T3% =0.0001
Alcoholizm 41% 665 <0.0001
Chronic obstructive pulmonary disease 10.6% TR =0.0001
Diem entia 10.5% 6.1% =0.0001
Paychiatric illness 12.4% 10.5% 0.003

Emergency department presentation

Median 155 [IQE] 10 [2-10] 10 [9-17] =0.0001
Bluot mechanizm of injury 08263 05.10% = 0.0001
Mean SEP in the ED (3D} 146 (28) 137 27y 0.333
Mean pulze (3D B3 (17 90 (20 <0.0001
Median GCE (IQR) 15 [15-15] 15 [15-15] =0.0001
Paozitive ETOH test 3% 3.1% <0.0001
Injury pattern

Median AlSdegtremity 3 (3-3) 3(2-3) =0.0001
Upper and lower extremity injured 17.07% 30321% =0.0001
Femur fracture B3.4%% 41.1% <0.0001
Tihizl fracture TR 18.46% =0.0001
Tranmatic brain injury 4.7% 129% <0.0001
Rib fracture iF% 16.7% =0.0001
Pelvic fracture G1% % <0.0001
Epinal fracture 01% 17.1% =0.0001
Epinal cord injury 0.2% 073 0.00

Orzan and soft tizsue injuries

Thoracic organ injury L% 11.7% = 0.0001
Hollow wizcus injury 0.3% 14% =0.0001
Other intra-abdominal organ Lk 03% = 0.0001
Major vazcular injury 0.1% 1.0°% =0.0001
Genitourinary injury 033 1.73% <0.0001

I35 = Injury Severity Score; 3BP = systolic blood pressure; ED = emergency department, GC5 = Glazgow Coma Score; ETOH = ethanolalcohel;

AIS = abbreviated injury score; DOAC = direct oral anticoaguolant; LMWH = low-molecular-weight heparin; IQF. = interguartile range; 5D =
standard deviation
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lable 2 @ Prc are and outcome measures of unmatched cohorts,

Varizble DOAC (n = 2631) LIMWH (n = 165,009 Pvalus
Acute bleeding control surgery pre-PTP 0.5% 315% =0.0001
Hours to prophylagis started 44§.3 [(38.6) 41.2 (43.8) <0.0001
Min-Mag 0-482 0-428 =]
Patients requiring F.BC tranzfusion pre-PTP 13% 35% <0.0001
RBC transfusion in 24 b (mL) (3D} 1117 (188) 1T6T (24.4) 0.393
ICTT L O3 days (53I) 5103T) TI{EL) =< 0.0001
Nonoperatively managed LEF T84 18.4% =0.0001
Outcomes measures
Symptomatic venous thromboembolism 143 15% =<0.0001
Pulmonary smbaolizm 0.8 062 0.048
Deep venous thrombosis 0.8% 1.83% 0.001
Eleeding control intervention 8% 3.7% 0.761
Eleeding control surgery 0.0%% 01% 0204
Angicembolization 0.0 0.0 o458
Blood component transfusion post-PTH 8% 363 0648
Myocardial infarction 0.3% 0.3% 0.743
Unplanned ICT readmission 143 1.73% 0311
Unplanned inmbation 0.3% 1.3% 0.001
In-hospital mortality 0.6 1024 0051

DOAC = Direct oral anticoagulant; LMWH = low-molecular-weight heparin; FTP

= pharmacelogic thromboprophylagis; RPEC = red bloed cells;
IQFR = interguartile ramge; ICU = Imtemsive Care Unit; LOS = Length of Stay; LEF =

lower eptremity fracture; ICU = intemsive care umit
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Table 3 e Baseline characteristics, emergency department presentation, and injury pattern of propensity score matched

cohorts.

Variabla DOAC (= 22800 LMWH (n = 2.280) Pralue
Median age JIQR) 68 (48-7H) 65 (41-80) 0.047
Female 58.7% 5874 0274
Diabetas 16.8% 16.1% 0.427
Smoker 13.9% 14.0% 0.329
History cerebrovascular accident 30% 20 0218
Hypertansion 47.1% 454% 0.783
History myocardial infarction 11% 0.0% 0.369
History peripheral vascular dizeaze 0.8% 0.T% 0.385
Congestive beart failure 4.5% iTh 0.172
Cirrhosis 0.6% 0.6% 0.842
Chemotherapy 0.2% 0.3% 0529
Dizzseminated cancer 0.9% 0.6% 0.232
Chronic remal failure 12% LY 0.2900
Drug abuse 10% 0.308
Alcoholism 43% 43% 0827
Chronic obstructive pulmonary dizease 10.0% 10.1% 0.747
Dementia 10.0% 10.53% 0.647
Peychiatric illness 11.3% 11.2% 0.237
Emergency department presentation
Median I55 [IQF] 10[5-10] 10 [8-10] 0.483
Mechanizm of injury 0R.6% Q5T 0,781
Median S3BF in the ED (IQR) 142 {124-160) 141 {114-138) 0.515
Median pulse {IQR) B1(71-24) B2 (B2-93) 0.469
Median GC5 {IQF) 15 (15-19) 15 (15-13) 0.505
Pozitive ETOH test 5.0% 31% 0.202
Injury pattern
Median ALS-extremity 3 (3-3) 3(3-3) 0.501
Upper and lower extremity injured 17.6% 0.0% 0.208
Femur fracture B7.1% 0.632
Tihial fracture T.8% 0481
Traumatic brain injury 54% 0.093
Eib fracture 5.0% 0314
Palvic fractura 5.9% 0.785
Spinal fracture 5.0% 3T 0.724
Epinal cord injury 0.2% 4% 0.405
Orzan and soft tizsue injuries
Thoracic organ imjury 29% 10 0,243
Hollow vizcus imjury Q4% 04% 0224
Other intra-abdeminal organ 1.8% 20 0.672
Major vazcular injury 0.2% 0l% 0.477
Genitourinary imjury 0.3% 0. 0.560
IS5 = Imjury Beverity Score; 3BF = sy:tolic blood pressure; ED = emergency department, GC8 = Glazgow Coma Scors; ETOH = ethanolialzohel;

AlZ = abbreviated injury score; DOAC = direct orzl anticeagulant; LMWH = low-molecular-weight heparin; IQF = interguartile range; 300 =
standard deviation
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: and outcome m ohorts.
DOAC (r=2280) LMWH (n = 2280) Paalue
Acute bleading control surgery pre-BTPE 0.3% 0.6% 0.B44
Median hours to prophylagis (IQR) 40(28-31) 33 (1045 =0.0001
Min-max 0-753 0-411 e
Patients requiring RBC transfusion pre-PTP L7% 10 0317
EEC transfozion in 24 h (mL) (3I) 230(320-1500) 1200 (600-1960) 0432
ICTT LOS days (5D) 54037 5.7 (3.6) 0.604
Wonoperatively managed LEF 23 L6k 0835
Ouotcomes measures
Symplomatic venous thromboembolism L4 043 02382
Pulmonary embolizm 0.3 0.6 0687
Deep venous thrombesis 103 0.8%% 0871
Bleeding contral intervantion I8k G0 077
Eleeding control surgery 0.0%% 0.1% 0.158
Apgicembolization 1] o e
Elood component tranzfusion post-PTR 8% 6.00%% 0.322
Myocardial infarction 043 0.3% 0.435
Unplanned ICT readmizsion 1.3% 13% 0.BEE
Unplanned imtubation 063 043 0271
In-hospital mortality 0.7 [R5 0738

DOACT = direct oral anticeagulant; LMWH = low-molecular-weight bheparin; PTP = pharmacologic thromboprophylazis

IQE = interquartile range; ICU = imtenzive care umit; LOE

length of s#tay. LEF = lower extremity fracture.

; RBC = red blood cells;
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