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ABSTRACT:

Trauma patients are at an elevated risk for developing venous thromboembolism (VTE), which includes pulmonary embolism and deep vein

thrombosis. In the inpatient setting, prompt pharmacologic prophylaxis is utilized to prevent VTE. For patients with lower extremity fractures or
limited mobility, VTE risk does not return to baseline levels postdischarge. Currently, there are limited data to guide postdischarge VTE pro-
phylaxis in trauma patients. The goal of these postdischarge VTE prophylaxis guidelines are to identify patients at the highest risk of developing
VTE after discharge and to offer pharmacologic prophylaxis strategies to limit this risk. (J Trauma Acute Care Surg. 2024;96: 980-985.
Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.)

KEY WORDS: Deep vein thrombosis; pulmonary embolism; lovenox; enoxaparin; aspirin.

rauma patients are at an elevated risk for developing venous

thromboembolism (VTE), including both deep vein thrombo-
sis (DVT) and pulmonary embolism (PE).! For this reason,
trauma patients are routinely treated with pharmacologic VTE pro-
phylaxis during their hospitalization with several consensus, stan-
dardized protocols already established (Table 1).*® For many pa-
tients with severe traumatic injuries, the risk of VTE remains high
even at the time of hospital discharge.”'° Therefore, postdischarge
pharmacologic VTE prophylaxis is recommended in select pa-
tients at high risk for developing VTE after discharge.''

Protocol Rationale and Goals

Extended-duration VTE prophylaxis has shown efficacy
in patients undergoing major orthopedic procedures as well as
those requiring abdominopelvic surgery for cancer.'*!* Currently,
there are limited data to guide postdischarge VTE prophylaxis in
trauma patients. Prolonged immobility, limited weight-bearing
status, and an ongoing prothrombotic state can place trauma pa-
tients at an increased risk of VTE events that persists after dis-
charge. The goal of these postdischarge VTE prophylaxis guide-
lines are to identify patients at the highest risk of developing VTE
after discharge and to offer pharmacologic prophylaxis strategies
that are safe, limit VTE risk, and promote patient adherence.

Members from the American Association for the Surgery
of Trauma (AAST) and the American College of Surgeons Com-
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mittee on Trauma (ACS-COT) with a clinical and/or research inter-
est in optimizing VTE prophylaxis established a working group to
develop this postdischarge VTE prophylaxis protocol. A compre-
hensive literature review on the topic was performed to identify
peer-reviewed publications, guidelines, and protocols related to
postdischarge VTE prophylaxis in trauma and orthopedic surgery
patients. These studies were reviewed by work group members over
a series of virtual meetings and the elements of the postdischarge
VTE prophylaxis protocol were proposed for review by the group.
After the workgroup came to consensus on the recommendations,
the protocol was reviewed by the AAST Patient Assessment Com-
mittee and the ACS-COT Performance Improvement and Patient
Safety (PIPS) leadership. The final clinical protocol was reviewed
and approved by the AAST Board of Managers and the ACS-
COT Executive Committee (Supplemental Digital Content, http://
links.Iww.com/TA/D655).

EVIDENCE BASE: BRIEF SUMMARY

Patient Selection

Longitudinal, postdischarge data in trauma patients with
high risk injury patterns have demonstrated VTE rates of 10%
in the first 3 months postinjury.'® Therefore, we recommend
continuation of VTE prophylaxis beyond the time of discharge
in select, high-risk patients. Patients at increased risk of VTE af-
ter discharge include those with pelvic fractures, lower extremity
fractures, spinal cord injury (SCI), or those unable to ambulate
independently because of their injuries (Table 1).'" Patients with
other conditions increasing their risk of VTE, such as prior
thrombotic events or malignancy, should undergo individualized
risk assessment and extended prophylaxis may be considered.

Medication Choice

Numerous agents have been studied for extended-duration
VTE prophylaxis in the orthopedic literature including low mo-
lecular weight heparin (LMWH), warfarin, direct oral anticoag-
ulants (DOACs) and aspirin. Most studies have focused on total
hip arthroplasty (THA), total knee arthroplasty (TKA), or hip
fracture fixation.'*'> Current orthopedic guidelines are based
upon initial studies and subsequent meta-analyses that report a
significant reduction in VTE without a significant increase in
risk of major bleeding within the first 14-35 days postopera-
tively, which correlates with the highest risk period for
VTE.'*'® While current orthopedic clinical practice guidelines
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TABLE 1. National and International Guidelines

Organization Guideline
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Care Surg. 2022;82:597-604.
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Eastern Association for the
Surgery of Trauma

management guidelines workgroup.

American Society of Hematology

Practice management guidelines for the prevention of
VTE in Trauma Patients: The EAST practice

American Society of Hematology 2019 guidelines for
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Rogers FB, Cipolle MD, Velmahos G, et al. J Trauma.
2002;53:142—-164.

Anderson DR, Morgano GP, Bennett C, et al. Blood Adv.
2019:;3:3898-3944

venous thromboembolism in surgical hospitalized patients

recommend extended-duration prophylaxis postdischarge, the
medication of choice is evolving.'” LMHW is favored by many
studies and is the first-line prophylactic medication recom-
mended in the most recent CHEST guidelines for orthopedic
surgery VTE prophylaxis®* 2% however, many recent studies
have shown that oral agents, such as aspirin and DOACs, are
efficacious and may have increased patient compliance.>® The
decreased cost of aspirin compared with LMWH or DOACs
is another important factor that may enhance compliance
postdischarge.

Utilizing aspirin for postdischarge prophylaxis was ini-
tially supported by a study in 398 orthopedic surgery patients
comparing an initial 10 days of LMWH (dalteparin) after THA
followed by randomization to daily aspirin 81 mg versus ongo-
ing daily LMWH (dalteparin 5000 units) for an additional
28 days. This study demonstrated no difference in rates of
VTE (1.3% dalteparin vs. 0.3% aspirin) or major bleeding, sug-
gesting that aspirin is noninferior to LMWH and offers a safe
and effective approach to postdischarge VTE prophylaxis.>* Be-
cause of these data, improved compliance and relatively low
cost, there has been increased use of aspirin for postdischarge
VTE prophylaxis after joint surgery.>*® Recently, the landmark
study by the Major Extremity Trauma Research Consortium
(METRC) compared aspirin versus LMWH for thromboprophylaxis
in trauma patients with an extremity fracture treated operatively
or any pelvic/acetabular fracture.”” This multicenter, pragmatic
study enrolled 12,211 patients who were randomized to either
receive aspirin 81 mg twice daily versus LMWH 30 mg twice
daily starting in the inpatient setting. Postdischarge prophylaxis
was at the discretion of the treating physician; however, the me-
dian duration of thromboprophylaxis postdischarge was 21 days
and did not differ between treatment groups. The primary out-
come of the study was death at 90 days, which was not different
between groups. DVT rates were low in this study population
overall, but more frequent in patients who had received aspirin
than in those who had received heparin (2.5% vs. 1.7%), al-
though the difference was not statistically significant. There
was no difference in PE or bleeding complications between

982

patients treated with aspirin versus LMWH. This is the best
evidence to date that aspirin is noninferior to LMWH for pa-
tients with pelvic and operative extremity fracture and its use
is associated with low VTE rates.

Direct oral anticoagulants (DOACs) have also been consid-
ered for postdischarge VTE prophylaxis in orthopedic surgery pa-
tients. Previous studies comparing DOACs versus LMWH for ex-
tended prophylaxis in patients undergoing THA or TKA have
demonstrated mixed results. A randomized, double blinded,
non-inferiority trial of 3,494 patients compared daily dabigatran
(150 mg or 220 mg) versus daily LMWH (enoxaparin 40 mg) af-
ter THA with a median treatment duration of 33 days. They found
no difference in the primary endpoint of VTE or death from all
causes between groups (enoxaparin 6.7%, dabigatran 150 mg
8.6%, dabigatran 220 mg 6.0%), as well as no difference in major
bleeding events.”® They concluded that both doses of dabigatran
were noninferior to enoxaparin for VTE prevention. Conversely,
a pooled analysis of the ADVANCE-22° and ADVANCE-3*° ran-
domized trials compared twice daily apixaban 2.5 mg daily versus
daily LMWH (enoxaparin 40 mg) for patients following THA or
TKA. This study evaluated 8,464 patients demonstrating a signif-
icant reduction in VTE events in patients treated with apixaban
(0.7% vs. 1.5%) with no difference in major bleeding events.>'
A retrospective cohort study of 29,684 patients who underwent
THA or TKA demonstrated that choice of prophylaxis agent
(DOAC vs. aspirin) did not alter VTE risk; however postopera-
tive bleeding risk was lower in patients treated with aspirin.>
Several studies have demonstrated that DOAC use is safe and ef-
ficacious in limiting VTE risk in orthopedic and select orthope-
dic trauma patients.”> > Based on the widespread use of DOACs
for other indications, DOAC use for VTE prophylaxis after major
orthopedic surgery and in trauma patients is increasing.?®>%>7
Use of DOAC: for postdischarge prophylaxis is an acceptable ap-
proach to decrease VTE risk; however, because there are limited
data directly comparing DOACs to LMWH or aspirin for high-
risk orthopedic trauma or polytrauma patients, we currently do
not recommend DOACs for routine postdischarge prophylaxis
in trauma patients.*®

© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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Aspirin Dosing

The dose of aspirin utilized in different trials assessing its
efficacy for VTE prophylaxis is highly variable, with reports in-
cluding aspirin 81 mg daily or BID, 100 mg daily, 150 mg daily,
160 mg daily, 300 mg daily or BID, and 325 mg daily, BID, or
TID.?** Older studies from the 1970s and 1980s even included
doses as high as 650 mg BID. This significant variability in dos-
ing has frequently been noted as a limitation in the study of as-
pirin as appropriate postoperative VTE prophylaxis, impairing
efforts at comparing studies or performing subsequent meta-
analyses.*® Due to this, prior position papers such as the CHEST
guidelines for Prevention of VTE in Orthopedic Surgery
Patients®' generally have not recommended specific aspirin
doses. In contrast, the CHEST guidelines for Prevention of
VTE in Nonorthopedic Surgical Patients*' specifically recom-
mend that when aspirin is used for prophylaxis it should be
“low-dose” due to the uncertain risks and benefits of high-
dose aspirin in this patient population (due to lack of data).
The only current trial in trauma patients, the METRC trial, uti-
lized aspirin 81 mg BID.?” Given that trauma patients often have
more injuries than fractures alone, bleeding risk in major trauma
patient is likely higher than in the total hip arthroplasty, total
knee arthroplasty, and isolated hip fracture patients on which
most orthopedic studies were performed; therefore, as there is
very limited data on higher-dose aspirin (>81 mg BID) in trauma
patients we recommend following the example of the METRC
study as the most appropriate existing literature.

Postdischarge VTE Prophylaxis Recommendations

Postdischarge VTE prophylaxis should consider the risk
of VTE, as well as the risk of postinjury hemorrhage. The med-
ication choice and duration of prophylaxis should be tailored to
the specific injury patterns present (Fig. 1).

Trauma Inpatient
Tolerating Enoxaparin

Chemoprophylaxis

Spinal Cord
Injury with Lower
Extremity Deficit?

Pelvic Fracture,
Operative Lower Extremity
Fracture, or Limited
Mobility?

Traumatic Brain
Injury*?

-

Continue Continue Continue Stop
prophylaxis prophylaxis prophylaxis prophylaxis
3 months 28 days 28 days on hospital
post-injury post-injury post-injury discharge

Enoxaparin
30mg BID

Aspirin
81mg BID

Figure 1. Postdischarge VTE prophylaxis algorithm.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

Pelvic Fracture and/or Lower Extremity Fracture

In most high-risk patients, we recommend an additional
4 weeks of pharmacologic prophylaxis from the time of injury.
These recommendations are based on the orthopedic literature
where extended prophylaxis is recommended for 35 days post-
operatively in patients undergoing major orthopedic surgery
(THA, TKA, and hip fracture surgery).”' While varying doses
of aspirin have also been evaluated, we recommend 81 mg twice
daily as it is the most commonly studied and has the best results
in patients with orthopedic trauma injuries.””** In patients with
any pelvic fracture, or those with an extremity fracture treated
operatively, we recommend postdischarge treatment with aspirin
81 mg twice daily for 28 days postoperatively.

Limited Mobility With Traumatic Brain Injury

In the inpatient setting, enoxaparin 40 mg twice daily or
weight-based enoxaparin dosing with anti-Xa adjustment has
become the standard of care for prophylaxis in most trauma
patients.>® It is currently recommended that TBI patients with
intracranial hemorrhage are treated with enoxaparin 30 mg twice
daily once their intracranial hemorrhage is stable.” VTE prophy-
laxis with LMWH has been shown to be safe in the inpatient set-
ting following TBL,** while oral medications including aspirin
have insufficient data to support routine recommendation. The
inability to routinely monitor renal function and measure anti-
Xa levels in the outpatient setting, and the potential risk of bleed-
ing, has led to most guidelines suggesting a postdischarge
enoxaparin dose of 30 mg twice daily.?"**! Patients with contra-
indications to LMWH, including renal dysfunction, should re-
ceive subcutaneous unfractionated heparin. We recommend that
patients with TBI with limited mobility or TBI patients with
lower extremity fracture be treated with enoxaparin 30 mg twice
daily for 28 days postinjury.

Spinal Cord Injury

Patients with SCI and resultant motor dysfunction are at
particularly high risk of developing VTE, and therefore require
a longer duration of VTE prophylaxis postdischarge.** Data on
extended prophylaxis in this subset of patients are extremely
limited; however, one study of postdischarge prophylaxis in
SCI patients demonstrates that LMWH is more efficacious than
unfractionated heparin during the rehabilitation phase.*> Current
consensus guidelines, including the American College of Surgeons
— Committee on Trauma Best Practice Guidelines for Spine Injury,*®
recommend ongoing VTE prophylaxis for at least 3 months
postinjury.*” Therefore, we recommend that patients with SCI
should be treated with enoxaparin 30 mg twice daily for a min-
imum period of 3 months postinjury.

Limitations

High quality data defining the optimal duration of
postdischarge VTE prophylaxis and the appropriate medication
selection in trauma patients are limited. Current studies on
postdischarge VTE prophylaxis were evaluated after an exten-
sive literature review and discussed by work group members;
however, neither a formal evaluation of the level of evidence
nor the strength of recommendations provided are included as
part of this clinical protocol. These recommendations are likely
to evolve in the future as new data is published.
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CONCLUSION

High-risk trauma patients, including those with pelvic fracture,

operative lower extremity fracture, SCI, or those unable with limited
mobility after TBI should receive postdischarge VTE prophylaxis.
Additional studies defining the optimal VTE prophylaxis strat-
egy and duration in polytrauma trauma patients are needed.

AUTHORSHIP

A.EB., LN., TW.C. participated in the study design. A.E.B., BK.Y., A.C,,
RK. CT, GT.T, D.GJ.,, DW.A, EJ.L, LN., TW.C. participated in the
drafting of guidelines. A.E.B., T.W.C. participated in the drafting of article.
BK.Y., AC,RK, CT, GTT, D.GJ.,, DW.A, EJ.L, LN.. participated in
the critical revision of article.

DISCLOSURE

Conflict of Interest Statement: The authors report no conflicts of interest
relevant to this work. Author Disclosure forms have been supplied and
are provided as Supplemental Digital Content (http://links.lww.com/TA/
D656).

10.

11.

13.

14.

984

REFERENCES

. Geerts WH, Code KI, Jay RM, Chen E, Szalai JP. A prospective study of ve-

nous thromboembolism after major trauma. N Engl J Med 1994;331:
1601-6.

. Geerts WH, Jay RM, Code KI, et al. A comparison of low-dose heparin with

low-molecular-weight heparin as prophylaxis against venous thromboembo-
lism after major trauma. N Engl J Med 1996;335:701-7.

. Haut ER, Byme JP, Price MA, et al. Proceedings from the 2022 consensus

conference to implement optimal venous thromboembolism prophylaxis in
trauma. J Trauma Acute Care Surg 2023;94:461-8.

. Schellenberg M, Costantini T, Joseph B, Price MA, Bernard AC, Haut ER.

Timing of venous thromboembolism prophylaxis initiation after injury: find-
ings from the consensus conference to implement optimal VTE prophylaxis
in trauma. J Trauma Acute Care Surg 2023;94:484-9.

. Yorkgitis BK, Berndtson AE, Cross A, et al. American Association for the

Surgery of Trauma/American College of Surgeons-Committee on trauma
clinical protocol for inpatient venous thromboembolism prophylaxis after
trauma. J Trauma Acute Care Surg 2022;92:597-604.

. Ley EJ, Brown CVR, Moore EE, et al. Updated guidelines to reduce venous

thromboembolism in trauma patients: a Western Trauma Association critical
decisions algorithm. J Trauma Acute Care Surg 2020;89:971-81.

. Anderson DR, Morgano GP, Bennett C, et al. American Society of Hematol-

ogy 2019 guidelines for management of venous thromboembolism: preven-
tion of venous thromboembolism in surgical hospitalized patients. Blood
Adv 2019;3:3898-944.

. Rogers FB, Cipolle MD, Velmahos G, Rozycki G, Luchette FA. Practice

management guidelines for the prevention of venous thromboembolism in
trauma patients: the EAST practice management guidelines work group. J
Trauma 2002;53:142—64.

. Olufajo OA, Yorkgitis BK, Cooper Z, et al. How long should we fear? Long-

term risk of venous thromboembolism in patients with traumatic brain injury.
J Trauma Acute Care Surg 2016;81:71-8.

Godat LN, Kobayashi L, Chang DC, Coimbra R. Can we ever stop worrying
about venous thromboembolism after trauma? J Trauma Acute Care Surg
2015;78:475-80; discussion 480-1.

Teichman AL, Cotton BA, Byrne J, et al. Approaches for optimizing venous
thromboembolism prevention in injured patients: findings from the consen-
sus conference to implement optimal venous thromboembolism prophylaxis
in trauma. J Trauma Acute Care Surg 2023;94:469-78.

. Eriksson BI, Lassen MR; PENTasaccharide in HIp-FRActure Surgery Plus

Investigators. Duration of prophylaxis against venous thromboembolism
with fondaparinux after hip fracture surgery: a multicenter, randomized, pla-
cebo-controlled, double-blind study. Arch Intern Med 2003;163:1337-42.
Laureano M, Ebraheem M, Crowther M. Extended venous thromboembo-
lism prophylaxis after abdominopelvic cancer surgery: a retrospective re-
view. Curr Oncol 2019;26:¢106—110.

Sidhu V, Badge H, Churches T, Maree Naylor J, Adie S, A Harris I. Compar-
ative effectiveness of aspirin for symptomatic venous thromboembolism pro-

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

phylaxis in patients undergoing total joint arthroplasty, a cohort study. BMC
Musculoskelet Disord 2023;24:629.

. Singh G, Prentice HA, Winston BA, Kroger EW. Comparison of 90-day ad-

verse events associated with aspirin and potent anticoagulation use for ve-
nous thromboembolism prophylaxis: a cohort study of 72,288 total knee
and 35,142 total hip arthroplasty patients. J Arthroplast 2023;38:
1602-1612.el.

. Bergqvist D, Benoni G, Bjorgell O, et al. Low-molecular-weight heparin

(enoxaparin) as prophylaxis against venous thromboembolism after total
hip replacement. N Engl J Med 1996;335:696-700.

. Planes A, Vochelle N, Darmon JY, Fagola M, Bellaud M, Huet Y. Risk of

deep-venous thrombosis after hospital discharge in patients having under-
gone total hip replacement: double-blind randomised comparison of
enoxaparin versus placebo. Lancet 1996;348:224-8.

. Matharu GS, Kunutsor SK, Judge A, Blom AW, Whitehouse MR. Clinical

effectiveness and safety of aspirin for venous thromboembolism prophylaxis
after Total hip and knee replacement: a systematic review and meta-analysis
of randomized clinical trials. JAMA Intern Med 2020;180:376-84.
Karasavvidis T, Bouris V, Xiang W, et al. Prophylaxis for venous thrombo-
embolic events in elective total hip and total knee arthroplasty. Curr Pharm
Des 2022;28:771-17.

Samama CM, Vray M, Barre J, et al. Extended venous thromboembolism
prophylaxis after total hip replacement: a comparison of low-molecular-
weight heparin with oral anticoagulant. Arch Intern Med 2002;162:2191-6.
Falck-Ytter Y, Francis CW, Johanson NA, et al. Prevention of VTE in ortho-
pedic surgery patients: antithrombotic therapy and prevention of thrombosis,
9th ed: American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines. Chest 2012;141:¢278S-e325S.

Forster R, Stewart M. Anticoagulants (extended duration) for prevention of
venous thromboembolism following total hip or knee replacement or hip
fracture repair. Cochrane Database Syst Rev 2016;3:CD004179.

Haac BE, O'Hara NN, Manson TT, et al. Inpatient compliance with venous
thromboembolism prophylaxis after orthopaedic trauma: results from a ran-
domized controlled trial of aspirin versus low molecular weight heparin. 074
Int 2021;4:¢150.

Anderson DR, Dunbar MJ, Bohm ER, et al. Aspirin versus low-molecular-
weight heparin for extended venous thromboembolism prophylaxis after to-
tal hip arthroplasty: a randomized trial. Ann Intern Med 2013;158:800-6.
Moore MC, Dubin JA, Bains SS, Hameed D, Nace J, Delanois RE. Trends in
deep vein thrombosis prophylaxis after total hip arthroplasty: 2016 to 2021..J
Orthop 2024;48:77-83.

Agarwal AR, Das A, Harris A, Campbell JC, Golladay GJ, Thakkar SC.
Trends of venous thromboembolism after total hip arthroplasty in the United
States: analysis from 2011 to 2019. J Am Acad Orthop Surg 2023;31:
e376-e384.

Major Extremity Trauma Research Consortium (METRC), ; O'Toole RV,
Stein DM, O'Hara NN, et al. Aspirin or low-molecular-weight heparin for
thromboprophylaxis after a fracture. N Engl J Med 2023;388:203-213.
Eriksson BI, Dahl OE, Rosencher N, et al. Dabigatran etexilate versus
enoxaparin for prevention of venous thromboembolism after total hip re-
placement: a randomised, double-blind, non-inferiority trial. Lancet 2007,
370:949-56.

Lassen MR, Raskob GE, Gallus A, et al. Apixaban versus enoxaparin for
thromboprophylaxis after knee replacement (ADVANCE-2): a randomised
double-blind trial. Lancet 2010;375:807—15.

Lassen MR, Gallus A, Raskob GE, et al. Apixaban versus enoxaparin for
thromboprophylaxis after hip replacement. N Engl J Med 2010;363:
2487-98.

Raskob GE, Gallus AS, Pineo GF, et al. Apixaban versus enoxaparin for
thromboprophylaxis after hip or knee replacement: pooled analysis of major
venous thromboembolism and bleeding in 8464 patients from the
ADVANCE-2 and ADVANCE-3 trials. J Bone Joint Surg (Br) 2012;94:
257-64.

Simon SJ, Patell R, Zwicker JI, Kazi DS, Hollenbeck BL. Venous thrombo-
embolism in total hip and total knee arthroplasty. JAMA Netw Open 2023;6:
€2345883.

Nederpelt CJ, Bijman Q, Krijnen P, Schipper IB. Equivalence of DOACS and
LMWH for thromboprophylaxis after hip fracture surgery: systematic review
and meta-analysis. /njury 2022;53:1169-76.

Joo PY, Modrak M, Park N, et al. Comparing venous thromboembolism pro-
phylactic agents after hip fracture surgery: a National Database Study. J Am
Acad Orthop Surg Glob Res Rev 2022;6.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.


http://links.lww.com/TA/D656
http://links.lww.com/TA/D656

¥202/%2/S0 uo £Bs|NBIMUHSIVORAZESMZWSNMUHIB8AISEXq0ZLANGAEHASDAEPLISO@IZNdNHZAIMSZIXDEDID/AO

x2ywaggspbx16mbirepix+,sainbyp4owogglgoeeMBybeHdTA Aq ewunenljwod mm| sfeusnoly/:dny wouy papeojumoq

J Trauma Acute Care Surg
Volume 96, Number 6

Berndtson et al.

35.

36.

37.

38.

39.

40.

41.

Crush J, Seah M, Chou D, Rawal J, Hull P, Carrothers A. Sequential low mo-
lecular weight heparin and rivaroxaban for venous thromboprophylaxis in
pelvic and acetabular trauma. Arch Orthop Trauma Surg 2022;142:3271-7.
Nederpelt CJ, Breen KA, El Hechi MW, et al. Direct oral anticoagulants are a
potential alternative to low-molecular-weight heparin for thromboprophylaxis in
trauma patients sustaining lower extremity fractures. J Surg Res 2021;258:
324-31.

Hamidi M, Zeeshan M, Kulvatunyou N, et al. Operative spinal trauma:
thromboprophylaxis with low molecular weight heparin or a direct oral anti-
coagulant. J Thromb Haemost 2019;17:925-33.

Dhillon NK, Haut ER, Price MA, et al. Novel therapeutic medications for ve-
nous thromboembolism prevention in trauma patients: findings from the
consensus conference to implement optimal venous thromboembolism pro-
phylaxis in trauma. J Trauma Acute Care Surg 2023;94:479-83.

Anderson DR, Dunbar M, Murnaghan J, et al. Aspirin or rivaroxaban for VTE
prophylaxis after hip or knee arthroplasty. N Engl J Med 2018;378:699-707.

An VV, Phan K, Levy YD, Bruce WJ. Aspirin as thromboprophylaxis in hip
and knee arthroplasty: a systematic review and meta-analysis. J Arthroplast
2016;31:2608-2616.

Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in nonorthopedic
surgical patients: antithrombotic therapy and prevention of thrombosis, 9th
ed: American College of Chest Physicians Evidence-Based Clinical Practice
Guidelines. Chest 2012;141:227S-e778S.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

42.

43.

44,

45.

46.

47.

Haac BE, O'Hara NN, Manson TT, et al. Aspirin versus low-molecular-
weight heparin for venous thromboembolism prophylaxis in orthopaedic
trauma patients: a patient-centered randomized controlled trial. PLoS One
2020;15:¢0235628.

Benjamin E, Recinos G, Aiolfi A, Inaba K, Demetriades D. Pharmacological
thromboembolic prophylaxis in traumatic brain injuries: low molecular
weight heparin is superior to unfractionated heparin. Ann Surg 2017;266:
463-9.

Godat LN, Haut ER, Moore EE, Knudson MM, Costantini TW. Venous
thromboembolism risk after spinal cord injury: a secondary analysis of the
CLOTT study. J Trauma Acute Care Surg 2023;94:23-9.

Spinal Cord Injury Thromboprophylaxis Investigators. Prevention of venous
thromboembolism in the acute treatment phase after spinal cord injury: a ran-
domized, multicenter trial comparing low-dose heparin plus intermittent
pneumatic compression with enoxaparin. J Trauma 2003;54:1116-24; dis-
cussion 1125-6.

Surgeons ACo. Trauma Quality Programs Best Practices Guidelines: Spine
injury [updated March 2022. Available from: https://www.facs.org/-/media/
files/quality-programs/trauma/tqip/spine_injury_guidelines.ashx. Accessed
09-07-2023.

Ploumis A, Ponnappan RK, Bessey JT, Patel R, Vaccaro AR. Thromboprophylaxis
in spinal trauma surgery: consensus among spine trauma surgeons. Spine J
2009;9:530-6.

985

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.


https://www.facs.org/-/media/files/quality-programs/trauma/tqip/spine_injury_guidelines.ashx
https://www.facs.org/-/media/files/quality-programs/trauma/tqip/spine_injury_guidelines.ashx

